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ABSTRACT
Contact with urban greenspaces (UGSs) may overcome the stressors of urban living through
supporting beneficial psychological outcomes to UGS users (e.g. affective wellbeing).
However, UGSs are not homogeneous, varying in social and ecological qualities (i.e.,
characteristics) like species diversity and governance. Moreover, UGS users are also varied.
To inform evidence-based planning, design and management of UGS ecology that supports
beneficial psychological outcomes to users, it is pivotal to determine factors that drive
variation across specific psychological outcome metrics.
Thirty city parks (Sydney, Australia) were selected for social and ecological sampling
(Spring, 2013). Field sampling of park plant and bird assemblages, and a desktop study, were
used to collect information on the ecological characteristics of parks (e.g. species diversity).
In situ social surveys with n = 813 park users collected information on individual factors,
including n = 13 psychological outcome metrics relating to park visits, socio-demographics,
park use, perceived levels of park plant/bird species richness, and subjective wellbeing.
Using a social-ecological systems theoretical framework, I took a multidisciplinary,
multi-method approach to determine whether the type and strength of psychological
outcomes reported by park users were related to variables characterising park ecology and/or
individual factors characterising park users.
Parks varied in ecological complexity from low to high, resembling habitats as varied
as football fields to rainforests. Park users’ psychological outcomes also varied substantially
across parks. Individual and/or ecological factors with the strongest explanatory power varied
across psychological outcome metrics. Perceived and sampled measures of plant and bird
species richness generally corresponded, suggesting that psychological outcomes reported by
park users could be associated with ecologically sampled levels of park species diversity.
Indeed, park users’ perceived levels of species diversity were consistently positively
associated with park users reporting more beneficial psychological outcomes. Hence, when
managing park plant and bird assemblages, I found strong support for aligning biodiversity
conservation with supporting more beneficial psychological outcomes to park users.
However, while species diversity was sometimes associated with psychological outcome
metrics, more often than not, other ecological variables characterising park plant and bird
assemblages had stronger associations, and individual factors were sometimes significant
predictors. Therefore, there is a need to consider individual factors, and to characterise park
1

plant and bird species assemblages beyond total species counts, when analysing factors that
drive variation in specific psychological outcome metrics reported by park users.
Park planners may have considerable influence on the psychological outcomes of park
users, depending on the type of vegetation mandated in park management plans and how park
bird assemblages are managed. Concurrent improvement in the ecological condition of parks,
and psychological outcomes of park users, may be achieved through local citizen input to
park management plans and ongoing park maintenance. I advocate the provision of locally
accessible parks that host high to low ecological complexity either across, or within,
individual sites. This management approach may enable different types of park users to
access the types of parks from which they psychologically benefit the most, depending on
their impetus for park use and life stage.

2

1. CHAPTER ONE: INTRODUCTORY CHAPTER
1.1

Introduction

In this chapter, I first position my thesis within the broader context of the literature and
highlight existing research priorities. I then present an overarching theoretical framework,
justify my research approach, state my thesis aims and outline my thesis structure. My overall
thesis research question is: What are the relationships between the ecological characteristics
of city parks and the psychological outcomes of city park users?
1.1.1 Urbanisation, human health and urban greenspace (UGS)
Over 50% of people worldwide, and upwards of 80% of people in developed countries, live
in urban landscapes (UN, 2014; 2016). Urbanisation leads to many improvements in
societies, economies and for individuals, such as higher levels of cultural diversity (Zanoni
and Janssens, 2009), accumulation of human capital (Glaeser and Mare, 2001), improved
access to healthcare, sanitation and secure nutrition (Godfrey and Julien, 2005), economic
growth, education and access to government services (Bradshaw, 1987). However,
urbanisation causes environmental impacts which can be deleterious to human physical and
psychological health outcomes. Environmental problems arise when built infrastructure (e.g.,
buildings, roads) replaces natural landscapes (e.g., wetlands, bushland and waterways),
resulting in increased pollution, altered climatic and hydrological systems, biological
homogenisation, loss of habitat, and decreased ecosystem and species diversity (Booth, 1991;
McKinney, 2002; 2006; 2008; Grimmond, 2007). Negative human physical and
psychological health outcomes associated with increasing urbanisation include an increased
prevalence of diabetes, asthma, hypertension, sleep disorders, obesity, homicide and suicide
rates, and mental health disorders such as depression and anxiety (Madge, 1982; Marsella,
1998; Sundquist et al., 2004; Cyril et al., 2013). It is therefore imperative to research ways
that cities can be planned, designed and managed to mitigate the adverse human health
effects associated with urban living (Galea et al., 2005).
Planning cities to help people overcome the stressors of urban living requires more
research into the positive aspects of urbanisation and how “urban residents cope with and
transcend stressors” (Marsella, 1998, pg. 632). Cities can have positive environmental
features, such as parks (Proshansky, 1978) and other types of urban greenspace (UGS). UGS
– open, unsealed urban land and its associated vegetative cover (Chapter 2) – forms the
3

central part of urban ecosystems (Jorgensen and Gobster, 2010). Urban parks and vegetation
provide important ecosystem services, such as microclimate regulation (reduced urban heat
island effect) and pollution reduction (improved air quality) (Elmqvist et al., 2015), that are
beneficial for human health. Concurrently, UGSs may help alleviate the stresses of urban
living by providing opportunities for urban residents to have contact with nature (Jorgensen,
Hitchmough and Calvert, 2002; Dunn et al., 2006; Bruni et al., 2008; Jorgensen and Gobster,
2010). Most often compared with contact with urban environments, contact with natural
environments has been positively associated with restorative outcomes (e.g., reduced stress,
improved cognitive function) (Ulrich, 1983; Ulrich et al., 1991; Kaplan, 1995) and substantial
benefits for emotional wellbeing (McMahan and Estes, 2015). Hence, UGS can be a positive
environmental feature of cities, the provision of which may assist urban residents to live
happier, healthier lives.
1.1.2 Benefits of human exposure to natural environments and research priorities
A large body of research has documented the benefits of human contact with natural
environments (for reviews, see Ulrich et al., 1991; Knecht, 2004; Lee and Maheswaran, 2006;
Bell et al., 2007; Tzoulas et al., 2007; Velarde et al., 2007; Abraham et al., 2010; Bowler et
al., 2010; Jorgensen and Gobster, 2010; Haq, 2011; Bratman et al., 2012; Keniger et al.,
2013; Hunter and Luck, 2015; McMahan and Estes, 2015; Sandifer et al., 2015). Examples
include psychological, cognitive, physiological, social and aesthetic benefits (Sandifer et al.,
2015). Yet, why and how exposure to nature generates human health and wellbeing benefits
remains controversial.
Mayer et al. (2009, pg. 609) outline five causal mechanisms (i.e., mediators of
nature’s benefits) through which human exposure to nature is hypothesised to have beneficial
effects, each of which has been supported to varying degrees. These mechanisms include: (i)
recovery from stress and attention fatigue, that is, restoration (Ulrich et al., 1991; Kaplan,
1995); (ii) providing opportunities for personal development and a sense of purpose (e.g.,
connection to nature; Mayer et al., 2009; Nisbet et al., 2011); (iii) encouragement to exercise
(Barton and Pretty, 2010); (iv) facilitating social contact (Coley et al., 1997); and (v)
encouraging optimal development in children (Taylor et al., 1998; Wells, 2000). The majority
of researchers have focussed on “the human side of the equation” (e.g., measures of human
psychological responses to nature). Comparatively less is known about how “the green side
of the equation” (e.g., measures of greenspace characteristics) relates to human health and
4

wellbeing outcomes arising from human contact with nature (Jorgensen and Gobster, 2010,
pg. 339).
Hence, priorities for future research include determining (1) the mechanisms that
underpin the generation of psychological benefits arising from human contact with natural
environments (Mayer et al., 2009; Bratman et al., 2012), and (2) whether human contact with
natural environments hosting varying ecological characteristics is associated with varying
psychological benefits (Jorgensen and Gobster, 2010). I address these research priorities by
investigating how n = 13 psychological outcome metrics reported by park users (during a
visit to parks), is associated with varying ecological characteristics of parks and individual
factors characterising park users (e.g. socio-demographics). Each psychological outcome
metric measured a different aspect of park users’ psychological response to, or perception of,
nature while using a park, or their ongoing relationship with the park.
1.1.3 Typologies of nature and varying psychological benefits
In Australia’s urban centres, UGS provided by local government authorities can be roughly
categorised into (i) formal recreation greenspace, (ii) conservation greenspace, and, (iii)
passive recreation greenspace (Chapter 3, Appendix C.1). Formal recreation greenspaces are
designated for organised sporting activities (e.g., football), resulting in mown turf and
relatively low levels of biodiversity and ecological complexity. Conservation greenspaces are
designated to protect native ecosystems, ecological communities or species, and consequently
they often contain high biological diversity and ecological complexity. Formal recreation and
conservation greenspaces have entrenched and overriding management approaches that lead
to predictable ecological outcomes, therefore limiting opportunities to target population
wellbeing. There is much greater opportunity in passive recreation greenspaces (e.g., where
people picnic and walk) for park planners to focus on designing and managing park plant and
bird assemblages in a way that supports beneficial psychological outcomes to park users.
Park use statistics indicate that council parks are significant components of the urban leisure
milieu (Veal, 2006) where people living in cities can experience nature (Dunn et al., 2006).
Yet, despite the suggested popularity and importance of city parks for urban residents, there
is currently little research to guide how city park plant and bird assemblages should be
designed and managed to support beneficial psychological outcomes to park users. As such, it
is not surprising that city parks can vary widely in their ecological composition, ranging
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along continuums of low to high ecological complexities (Chapter 3) that resemble football
fields to rainforests.
Our understanding of the specific ecological characteristics of UGS associated with
more beneficial psychological outcomes arising from UGS exposure remains unclear. One
reason for this is because most studies have used broad categories of urban versus natural
conditions or coarse natural landscape categories (Velarde et al., 2007; Bowler et al., 2010;
Jorgensen and Gobster, 2010; Sandifer et al., 2015). More recently, researchers have begun to
associate various psychological constructs indicative of a person’s level of positive
psychological functioning (i.e., psychological outcomes) with specific ecological
characteristics of UGSs. For example, Fuller et al. (2007) found components of park user
‘psychological wellbeing’ (PWB) were positively associated with increasing levels of
ecologically sampled plant, and to a lesser extent bird, species richness. Such studies, and
others reviewed in Chapters 2, 4 and 5 (e.g., Hull and Harvey, 1989; Nordh et al., 2009,
2011; Dallimer et al., 2012; Nordh and Østby, 2013; Carrus et al., 2015; Hoyle et al., 2017),
have laid invaluable groundwork for understanding how park users’ psychological outcomes
may be associated with exposure to parks hosting varying ecological characteristics (e.g.,
species diversity, vegetation complexity, flower cover). Yet, opportunities are available to
extend and refine our understanding of the specific ecological characteristics of parks, and/or
individual factors characterising park users, that drive psychological outcomes reported by
park users from a visit to parks.
1.2

Theoretical framework for my thesis

Of particular use for understanding the relationships between UGS environments and UGS
users (i.e., individuals), is the concept of social-ecological systems (SESs). A suitable
framework for analysing social and ecological outcomes of UGS SESs is the Ostrom Socialecological systems framework (SESF; Ostrom, 2007; 2008; 2009; McGinnis and Ostrom,
2014). In the following sections, I (i) define the concept of SESs, (ii) contextualise UGS
broadly, and city parks specifically, as linked SESs, and (iii) present the components of the
Ostrom SESF for analysing social outcomes (e.g., psychological outcomes of city park users)
and ecological outcomes (e.g., city park plant and bird species diversity) of city park SESs
(Figures 1.1 and 1.2). In doing so, I provide a theoretical overview of my research, relating to
my analyses of factors that drive variation in (i) the ecological characteristics of parks
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(Chapter 3), (ii) park users’ perceptions of nature (Chapter 4), and (iii) the psychological
outcomes reported by park users from a visit to parks (Chapters 4 and 5).
The theoretical framework presented provides an overview of the theoretical
assumptions underpinning my work. The SESF supports navigating the complex relationships
between (i) social and environmental factors that drive variation in the ecological
characteristics of parks (Chapter 3), and (ii) multiple ecological characteristics of parks and
individual factors characterising park users that drive variation in the psychological outcomes
of park users (Chapters 4 and 5). In some analyses, I position these factors as outcomes (i.e.,
response variables), whereas in other analyses I position them as contributing/influencing
factors (i.e., predictor variables), depending upon the relationship/s being examined.
1.2.1 Social-ecological systems (SESs): cities, urban greenspace and city parks
UGS broadly, and city parks more specifically, may be conceptualised as linked SESs.
Two definitions of SESs are available from the literature, which demonstrate the
importance of this concept to my thesis. The first is from Berkes and Folke: “we hold the
view that social and ecological systems are in fact linked, and that delineation between social
and ecological systems is artificial and arbitrary” (1998, pg. 4). The second is from Anderies
et al., who define an SES as “an ecological system intricately linked with and affected by one
or more social systems” (2004, pg. 2). Within Anderies et al’s (2004) definition, the (i)
ecological system is understood as an independent system of organisms or biological units,
and (ii) social system can also be understood as an independent system of organisms, given
“social” is defined as forming cooperative and independent relationships with others (i.e.,
humans) of one’s kind (i.e., humankind). Therefore, “both social and ecological systems
contain units that interact independently and each may contain interactive subsystems as
well” (Anderies et al., 2004, pg. 2). In turn, SESs is used “to refer to the subset of social
systems in which some of the independent relationships among humans are mediated through
interactions with biophysical and non-human biological units” (Anderies et al., 2004, pg. 2).
Additionally, “when social and ecological systems are so linked the overall SES is a
complex, adaptive system involving multiple subsystems, as well as being embedded in
multiple larger systems” (Anderies et al., 2004, pg. 2). Moreover, SESs are ‘dynamic’, in that
they are characterised by constant change; there is never a static moment, definitive start or
finishing end (Binder et al., 2013).
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Urban landscapes (i.e., cities) are complex SESs (Andersson et al., 2014). They are
spatially and temporally dynamic, consisting of multiple social and ecological subsystems,
embedded within larger SESs (e.g., countries, continents, and the world) (Ostrom, 2009). The
urban “social system” can be conceptualised as a spatially and temporally dynamic network
of individual people (i.e., Actors) in cities, and the associated set of rules crafted by local,
distal or nested governance systems (e.g., local councils), which are embedded within larger
social, economic and political settings (Ostrom, 2007). The urban “ecological system” can be
conceptualised as a spatially and temporally dynamic network of individual greenspaces (i.e.,
open, unsealed land and its associated vegetative cover; Chapter 2), such as golf courses,
public parks, conservation areas, and domestic gardens (Jorgenson and Gobster, 2010; Pickett
et al., 2011; Andersson et al., 2014; Chapter 2), embedded within larger, related ecosystems.
While the social and ecological systems of urban landscapes are relatively separable from one
another, they interact to produce outcomes at the SES level, which feedback to affect social
and ecological subsystems, including larger or smaller SESs (Ostrom, 2009). Such research
supports the conceptualisation of individual UGS sites (e.g., city parks) as smaller, focal
SESs, embedded within the larger urban SES.
Urban landscapes offer contexts for understanding how interactions between linked
SESs may produce social and ecological outcomes. In terms of ecological outcomes, cities
and their associated greenspaces evolve under extremely complex social influences of
changing land uses and management practices which sustain some ecosystems, habitats and
species, while profoundly altering or eliminating others (Elmqvist et al., 2004; Andersson et
al., 2014). Close interactions between human actors and the social context in which they are
embedded, may over time lead to the maintenance of biodiversity and other ecological
outcomes (e.g., pollination) across different types of UGS as much by social (e.g., land use
decisions, management practices, human population density, urban sprawl) as ecological
processes (Elmqvist et al., 2004; Folke et al., 2011; Andersson et al., 2014). On the other
hand, indicators of UGS characteristics (e.g., amount of UGS, species diversity) have been
variously associated with a range of human physical health and psychological outcomes (see
Chapter 2 and references therein). Such research supports the positioning of UGS as linked
SESs, consisting of social and ecological systems which influence and in turn are influenced
by each another through complex interdependencies.
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1.2.2 Selecting a framework for analysing outcomes of SESs
Various theoretical frameworks have been proposed for studying SESs (for reviews, see
Binder et al., 2013; Colding and Barthel, 2019). I identified Ostrom and colleagues’ SESF
(Ostrom, 2007; 2008; 2009; McGinnis and Ostrom, 2014) as most suitable for analysing UGS
outcomes for the following reasons.
Overall, the SESF is well suited to analysing how interactions between social and
ecological systems produce outcomes in UGS resource systems. With a disciplinary origin in
political science, the SESF has mainly been applied to research investigating sustainable
natural resource management/governance (e.g., fisheries, water, pastures, forests) (Ostrom,
2007; Binder et al., 2013). UGS broadly, and individual UGS site more specifically (e.g., city
parks), are examples of natural resource systems located within the urban landscape.
Research relating to the sustainable planning, design and management of UGS for beneficial
social outcomes (e.g., psychological benefits), and ecological outcomes (e.g., species
diversity), falls squarely within the domain of natural resource management. Numerous case
studies applying the framework to natural resource systems (e.g., fisheries and forests)
demonstrate the SESF is already sufficiently well developed to monitor and evaluate
interactions and outcomes relating to their sustainable management/governance (McGinnis
and Ostrom, 2014).
Moreover, use of the SESF can assist with multidisciplinary research. Investigating links
between ecological and social characteristics and outcomes of UGS is multidisciplinary and
draws on concepts central to ecology and psychology. The SESF, it is the only framework
that enables the ecological system to be treated in equal depth to the social system (Binder et
al., 2013; Vogt et al., 2015). Ostrom and colleagues encourage researchers from different
disciplines to “dig into” the multitier structure of the framework and apply it to a range of
focal SESs case studies (Ostrom, 2009; McGinnis and Ostrom, 2014).
My final reason for selecting the SESF has particular relevance to my thesis approach and
structure. The SESF is intended to be “theory neutral”, allowing competing theories to be
accommodated and analysed. This was an important criterion when selecting a framework for
my thesis. Not because my overall aim relates to testing a specific theory already proposed;
but because I wanted to explore relationships between key factors that determined
psychological outcomes arising from interactions between individuals and park
environments. Specific theories such as Attention Restoration Theory (ART; Kaplan, 1995)
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and Stress Reduction Theory (SRT; Ulrich, 1983; Ulrich et al., 1991) provide competing
explanations for why human exposure to nature is ‘restorative’, and in turn induces positive
affect (i.e., emotion), (reviewed in Chapters 4 and 5). I drew on ART, SRT and the associated
empirical evidence examining these theories using case studies of human-nature exposure.
My review resulted in the identification of a different suite of variables hypothesised to
influence individual psychological outcome metrics. Hence, the n = 5 psychological
outcomes analysed in Chapter 5 deserve specific treatment compared with the n = 8
psychological outcomes that are grouped and analysed in Chapter 4. This treatment is
because alternative theories suggested the importance of considering different sets of
predictor variables when explaining psychological outcome metrics related to each theory
(McGinnis and Ostrom, 2014). All of the variables, however, can be accommodated within
the different categories of the SESF
1.2.3 Explanation of the Social-Ecological Systems Framework (SESF)
The SESF is a multilevel, nested framework with a logical linguistic structure that provides a
basic vocabulary of concepts and terms for analysing social and ecological outcomes of SESs
(Ostrom, 2009; McGinnis and Ostrom, 2014). The framework provides a common set of
potentially useful variables and subcomponents that can be used by researchers during
research design, when selecting indicators to collect data on, conducting research and
analysing findings relating to outcomes of complex SESs (Ostrom, 2009). The purpose of the
SESF is to provide a common language for organising variables relevant to the study of SESs
into a multitier hierarchy. This hierarchy can be broken down into component elements to
facilitate the selection of variables relevant to a particular SES/s case study (Ostrom, 2009;
Binder et al., 2013); such as city parks and the people who visit them.
Hinkle et al., (2014) explain that the basic components of any framework used in
empirical analysis are variables, which are special kids of concepts that take on values at a
given point in space and time through the collection of data. Because empirical analysis of
SESs usually involves many variables, it is useful to group variables according to their
meaning (i.e., semantically; Hinkle et al., 2014). In this way, variables can be attributed to
higher-level concepts; where an attribute is defined as “a quality or feature regarded as a
characteristic or inherent part of someone or something” (Hinkle et al., 2014).
Adapted from McGinnis and Ostrom (2014), Figure 1.1 provides an overview of the
SESF for analysing outcomes achieved in SESs. Displayed are the relationships among four
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core subsystems of an SES that affect each other (i.e., Resource Systems, Resource Units,
Governance Systems and Actors), as well as two linked first-tier components: (i) Social,
Economic and Political Settings, and (ii) Related Ecosystems (Ostrom, 2007; 2008; 2009).
These four core subsystems and first-tier components are variously called highest-tier or firstlevel variables / categories / components / concepts. The term ‘tier’ is used to denote different
logical categories, whereby lower-level tiers are used to organize subdivisions of variables
that are related to the next highest-tier they are organised within (McGinnis and Ostrom,
2014; Figure 1.2). In this way, allowance is made for potentially relevant variables, of interest
to a specific research question, to be detailed and organised within the tiered structure of the
SESF (McGinnis and Ostrom, 2014).
The first-tier conceptualises a focal SES as composed of two components specific to
the ecological system: (i) Resource Systems (e.g., a designated park, covering a specific area,
containing plants and animals), (ii) Resource Units (e.g., individuals or populations of plants
and animals within the park), and two components specific to the social system: (iii)
Governance Systems (e.g., the government and other organisations that manage the park,
rules related to the use of the park, and how these rules are made), and (iv) Actors (e.g.,
individuals who use the park for recreation) (Ostrom, 2007; Figure 1.1). Relationships among
these four core subsystems are detailed in Figure 1.1 (McGinnis and Ostrom, 2014).
Moreover, the four core subsystems of a focal SES are acknowledged as embedded within
larger, related SESs; represented by the two additional first-tier components: Related
Ecosystems (e.g., the urban ecological system of Sydney, Australia), and the broader Social,
Economic, Political Settings (e.g., the urban social system of Sydney, Australia). Each firsttier component is then decomposed into more fine-grained, lower-tier categories containing
multiple potential explanatory factors/variables (e.g., second-tier variables, third-tier
variables etc., Figure 1.2) that are of demonstrated importance to analysing outcomes of SESs
(Hinkle et al., 2014; McGinnis and Ostrom, 2014).
Multiple versions of the four core subsystems are supported by the framework. That
is, depending on the research questions, more than one relevant Resource System and
Resource Unit, or multiple Governance Systems and user groups (i.e., Actors), can be
accommodated by the framework (Figure 1.1). For example, plants and birds could be
assigned separate first-tier Resource Unit categories, for organising variables characterising
each taxon.
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Figure 1. 1: Social-ecological systems framework used for analysing outcomes of city park
social-ecological systems (adapted from McGinnis and Ostrom, 2014).
Notes: Solid boxes denote first-tier categories of variables (i.e., Resource Systems, Resource
Units, Governance Systems and Actors) which contain multiple variables at second-tiers and
lower-tiers (Figure 1.2). Multiple solid boxes behind each first-tier category denote the
possibility for multiple first-tier components (e.g., plants and birds could be assigned separate
first-tier Resource Unit categories, for organising variables characterising each taxon). Solid
arrows denote a direct link between first-tier components. For example, (i) plant and bird
Resource Units (i.e., individuals or populations) are attributed to city park Resource Systems,
(ii) local council Governance Systems define and set rules for how city park Resource
Systems are planned, designed and managed for use by city park users (i.e., Actors). Action
situations are the social and environmental processes (e.g., ‘city park visits’ and ‘city park
provision’) through which interactions between variables lead to ecological outcomes of city
parks (e.g., species diversity) and psychological outcomes of city park users (Hinkle et al.,
2014). Feedback may occur from action situations to each of the top-tier categories, shown
using dashed arrows. The city park social-ecological system can be considered a logical
whole (denoted using the dotted-and-dashed box surrounding Resource Systems, Resource
Units, Governance Systems, and Actors core subsystems), but exogenous influences from
Related Ecosystems and/or Social, Economic and Political Settings may influence internal
components. (McGinnis and Ostrom, 2014).
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Social, Economic, and Political Settings (S)
S1 – Economic development. S2 – Demographic trends. S3 – Political stability. S4 – Other governance
systems. S5 – Markets. S6 – Media organisations. S7 – Technology.
Resource Systems (RS)
RS1 – Sector (e.g., water, forests, fish)
RS2 – Clarity of system boundaries
RS3 – Size of system
RS4 – Human constructed facilities
RS5 – Productivity of system
RS6 – Equilibrium properties
RS7 – Predictability of system dynamics
RS8 – Storage characteristics
RS9 – Location
RS10 – Ecosystem history

Governance Systems (GS)
GS1 – Policy area
GS2 – Geographical scale
GS3 – Population
GS4 – Regime type
GS5 – Rule making
GS6 – Rules in use
GS7 – Property-rights system
GS8 – Repertoire of norms and strategies
GS9 – Network structure
GS10 – Historical continuity

Resource Units (RU)
RU1 – Resource unit mobility
RU2 – Growth or replacement rate
RU3 – Interaction among resource units
RU4 – Economic value
RU5 – Number of units
RU6 – Distinctive characteristics
RU7 – Spatial and temporal distribution

Actors (A)
A1 – Number of relevant actors
A2 – Socio-economic attributes
A3 – History or past experiences
A4 – Location
A5 – Leadership / entrepreneurship
A6 – Norms (trust-reciprocity) / social capital
A7 – Knowledge of SES / mental models
A8 – Importance of resource (dependence)
A9 – Technologies available

Related Ecosystems
ECO1 – Climate patterns. ECO2 – Pollution patterns. ECO3 – Flows into & out of focal SES/s
Focal Action Situations: Interactions  Outcomes (i.e., FAS: I  O)
Activities and processes (I):

Outcome criteria (O):

I1 – Harvesting
I2 – Information sharing
I3 – Deliberation processes
I4 – Conflicts
I5 – Investment activities
I6 – Lobbying activities
I7 – Self-organising activities
I8 – Networking activities
I9 – Monitoring activities
I10 – Evaluative activities

O1 – Social performance measures
(e.g., efficiency, equity, sustainability)
O2 – Ecological performance measures
(e.g., resilience, biodiversity, sustainability)
O3 – Externalities to other SESs

Figure 1. 2: The first-tier and second-tier concepts of the Ostrom (2009) social-ecological
systems framework.
Notes: I have included, (i) all minor refinements made by McGinnis and Ostrom (2014), (ii)
suggested changes to second-tier Governance System concepts outlined by McGinnis and
Ostrom (2014, pg. 9), and (iii) minor refinements made by Hinkle et al. (2014) to the Focal
Action Situation second-tier concepts Interactions (i.e., activities and processes) and
Outcomes (i.e., Outcome criteria).
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Positioned in the centre of the four core-subsystems is a box titled Focal Action
Situations (Figure 1.1). Action Situations are loci where inputs from Resource Systems,
Resource Units, Governance Systems and Actors core subsystems are transformed into
outcomes through the actions of multiple actors (McGinnis and Ostrom, 2014). Feedback
paths indicate that the effects of Action Situations may influence any of the other first-tier
components (McGinnis and Ostrom, 2014; Figure 1.1). All of the variables included in the
top-tier components are viewed as both potential inputs and outputs from one or more Action
Situation/s (McGinnis and Ostrom, 2014). Variables organised within the core subsystems
can therefore be positioned in ways that allows these to serve as both outcome/response
variables and influencing/predictor variables. Moreover, the SESF is not static. Outcomes
from Action Situations can change between different time points (McGinnis and Ostrom,
2014). This suggests that the SESF can be used for exploratory analysis of dynamic
relationships between variables for which there is currently scant theory or empirical
evidence to guide the positioning of variables as cause or effect.
Interactions between first-tier components and their associated lower-tier variables
produce outcomes at the SES level through Focal Action Situations (Figure 1.1). Interactions
(I) and Outcomes (O) are listed by McGinnis and Ostrom (2014) as first-tier ‘variables’ of
Action Situation (i.e., FAS: I  O). It is generally agreed that outcomes can be interpreted as
outcome metrics (i.e., variables), because they are complex measures of the state of the focal
SES (Hinkle et al., 2014). Social performance measures (e.g., sustainability, equity) and
ecological performance measures (e.g., biodiversity, sustainability) are examples of secondtier outcome variables. Yet, there is some contention in the literature regarding the
interpretation of interactions as variables per se. McGinnis and Ostrom (2014) proposed
“harvesting” and “monitoring activities” as examples of second-tier interaction variables. Yet
Hinkle et al. (2014) argue that the names given to second-tier variables grouped under
interactions by McGinnis and Ostrom (2014) suggest they are better thought of as
‘processes’, or ‘process relationships’, than as variables. In this way, Action Situations can be
thought of as “social and environmental processes through which interactions lead to
outcomes” (Hinkle et al., 2014, pg. 7). Hence, I interpret interactions as per Hinkle et al.,
(2014), and term specific process relationships for analysing city park outcomes relative to
my research aims (Section 1.2.4.1; Appendix AA.1).

14

1.2.4 Process for applying the SESF
The three-step process for applying the SESF (McGinnis and Ostrom, 2014), is summarised
in Appendix AA.2. I address step one (selecting a focal level of analysis) and two (selecting
which variables to be measured) in the following sections, and step three (i.e.,
communicating results of the research using concepts from the SESF) in Chapter 6.
1.2.4.1 Step one: selecting a focal level of analysis
My literature review (Chapter 2) highlights that understanding how human exposure to UGS
with varying ecological characteristics (e.g., species diversity, vegetation structure)
influences psychological outcomes is a key research priority and, hence, my primary
analytical concern. Findings can help to plan, design and manage the ecological
characteristics of UGSs with greatest potential to support beneficial psychological outcomes
to UGS users.
Because UGS is not homogenous in ecological or social characteristics (Chapter 2),
variation in these attributes/qualities of UGS may, potentially, have a direct or indirect effect
on the relationship between ecological characteristics of UGS and psychological outcomes of
UGS users. That is, how UGS social systems (i.e., Governance Systems and Actors) and
ecological systems (i.e., Resource Systems and Resource Units) interact to co-determine
social and ecological outcomes of UGS SESs.
It was therefore necessary to select a specific type of UGS, with a similar governance
system in place (i.e., Governance System attributes) for regulating UGS users (i.e., Actors).
In this way, I attempt to control for potentially confounding Governance System and Actor
variables on the relationship between ecological characteristics of UGS and psychological
outcomes reported by UGS users. It was also important to select a type of UGS where there
was scope to modify the ecological characteristics of sites (i.e., Resource Systems and
Resource Unit attributes such as species diversity and vegetation complexity) to support
beneficial psychological outcomes to UGS users (i.e., individual factors classified as microlevel, Actor attributes; Appendix AA.3). This involved identifying a type of UGS without
entrenched management approaches that lead to predictable ecological outcomes, such as
formal recreation greenspaces (e.g., mown sports ovals) and conservation greenspaces that
are designated for species and ecosystem conservation (see Chapter 3). City parks have
specific Governance Systems (i.e., local municipal councils) that define and set rules for city
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park users (i.e., Actors) who are the primary resource users of city park Resource Systems
which can vary in ecological characteristics (i.e., variables characterising Resource System
and Resource Unit attributes; Appendix AA.3). Based on these criteria, I identified city parks
as a particularly relevant type of UGS SES suitable for analysing how social and ecological
subsystems interact to co-determine ecological and social outcomes of city parks (e.g.,
species diversity of parks, psychological outcomes of park users).
In my analysis of city park SESs, I am primarily interested in two types of Action
Situations (i.e., social and environmental processes through which interactions between firsttier components and associated variables characterising city park SESs lead to outcomes at
the city park level) (Hinkle et al., 2014). In Appendix AA.4, details are provided on the types
of interactions (i.e., process relationships; Hinkle et al., 2014) and outcome metrics relevant
to my analytical concerns of city park SESs. Hinkle et al., (2014) suggest that because the
purpose of applying the SESF to case studies is to understand which variables interact to
determine outcomes in a focal SES, it is useful to capture process relationships (i.e.,
interactions) between variables by calling them something. I term the social and
environmental processes through which interactions between first-tier concepts of city park
SESs lead to social and/or ecological outcomes “city park provision” and “city park visits”
(Appendix AA.1).
1.2.4.2 Step two: selecting which variables should be measured
In Chapters 3, 4 and 5, I present a review of relevant theory and empirical research that I used
to guide the selection of variables hypothesised to influence city park social and ecological
outcome metrics.
I used in-situ ecological sampling of parks and a desktop study to collect data on
variables charactering (i) city park Resource System and Resource Units (e.g., plant and bird
species diversity and vegetation structure), and (ii) the broader environment each city park
was embedded within (Social, Economic and Political Settings variables such as dwelling
density; and, Related Ecosystems variables, such as amount of UGS surrounding each park). I
designed a park user survey to collect data on key variables characterising micro-level Actor
attributes of city park users (i.e., individual factors), such as (i) socio-demographic / socioeconomic factors, (ii) park use factors, (iii) perceived level of species diversity within parks,
and (iv) psychological outcomes from a visit to parks. I carried out this survey in-situ with n
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= 813 city park users during a visit to parks. Full details on these variables are provided in
Chapter 3, 4 and 5, and their positioning within the SESF is detailed below in section 1.2.5.1
1.2.5 Operationalising the SESF to my case study of city park SESs
In the previous sections I established city parks as my focal SES. I also explained that
understanding how city park social systems (i.e., the Governance Systems and Actors core
subsystems) and ecological systems (i.e., the Resource Systems and Resource Units core
subsystems) interact to co-determine outcomes is theoretically related to my research aims. In
this section, I demonstrate how the suite of predictor and response variables presented across
my data chapters (i.e., Chapters 3, 4 and 5) might be understood within the SESF. I organise
within the tiered structure of the SESF (McGinnis and Ostrom, 2014) both variables that I
collected data on, as well as variables that I considered to some degree (e.g., controlled for
during site selection). I also present a series of graphical models showing the functional
relationships between predictor and response variables that are analysed across Chapters 3, 4
and 5.
1.2.6 Organising predictor and response variables utilised in Chapters 3, 4 and 5
within the SESF
Social and ecological variables characterising city park core subsystems (i.e., Resource
Systems, Resource Units, Governance Systems and Actors), and the broader environment
they are embedded within (i.e., Social, Economic and Political Setting first-tier variables and
Related Ecosystem first-tier variables), can be organised within the SESF and positioned as
variables which interact to produce outcomes at the SES level (Ostrom, 2007; 2008; 2009;
McGinnis and Ostrom, 2014).
Variables are positioned internally or externally to a focal SES depending on the
research question, which leads to an assumption that bears mentioning. Internal variables
both influence and are influenced by the variables entailed by the research question (Hinkle et
al., 2014). That is, interactions between internal variables co-determine the values of the state
variables and outcome metrics of interest (Hinkle et al., 2014). In my study of city park SESs,
all concepts and variables listed in the core subsystems are considered attributes of city park
SESs, and therefore internal (Appendix AA.3). Concepts and associated variables that I
positioned externally to city park SESs include, for example, park distance from the central
business district (attribute of Related Ecosystems), and dwelling density (attribute of Social,
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Economic and Political Settings) (Appendix AA.3). External variables are not assumed to be
influenced by interactions between internal variables of city park SESs. For example, park
distance from the central business district (an external variable) is not assumed to be
influenced by internal variables such as the species diversity of parks. Yet park distance to
the central business district may influence species diversity. Appendix AA.3 details the
internal and external positioning of my variables across Chapters 3, 4 and 5.
In addition to collecting data on variables, I also attempt to control for a range of
variables of city park SES through careful site selection, research design, social and
ecological sampling methods and data analysis. Details on the full range of variables that I
considered to some degree, or tried to control for, and how these variables may be understood
within the SESF, are provided in Appendix AA.9.
The SESF has undergone a series of developments since it was originally presented
by Ostrom (2007; 2008; 2009), who advocated the importance of researchers acknowledging
the broad set of ecological and social variables that are needed for the analysis of social and
ecological outcomes achieved in SESs (McGinnis and Ostrom, 2014). In my application of
the SESF to city park SESs, I incorporate (i) all minor amendments to the SESF presented in
McGinnis and Ostrom (2014), (ii) the alternative list of second-tier properties for the
Governance System core subsystems presented by McGinnis and Ostrom (2014, pg. 9), (iii)
revisions to the Resource Systems and Resource Units core subsystems by Vogt et al.,
(2015), and (iv) the interpretation of the ‘Interactions’ component of Focal Action Situations
as ‘process relationships’ (Hinkle et al., 2014) as opposed to first-tier variables (see
McGinnis and Ostrom, 2014).
The SESF can be expanded/modified to accommodate new components/variables,
which is a relatively straight forward process (McGinnis and Ostrom, 2014; Hinkle et al.,
2014). I make some minor modifications and/or additions to second-tier and third tier
concepts of the SESF (details of which are provided in Appendix A.A.5 and A.A.6). Doing so
enabled me to accommodate variables characterising individual city park users (i.e., microlevel Actor attributes), such as psychological outcome metrics (e.g., connection to nature),
socio-demographic (e.g., age, gender) and park use (e.g., frequency, duration) variables
(Appendix AA.6). Within the Related Ecosystems first-tier category, I was also able to
incorporate the concept of landscape ecology (Pickett and Cadenasso, 1995) as a second-tier
variable, under which I organised a suite of third-tier variables characterising the urban
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matrix surrounding each park (e.g., percent UGS surrounding each park, and park distance to
the coast, freshwater and central business district) (Appendix AA.5).
Appendix AA.5 and AA.6 contains full details on how I unpacked and applied the
multi-tier SESF to my focal level of analysis (i.e., individual city park SESs), in order to
conceptually organise each variable that I (i) measure using social and ecological sampling,
or (ii) attempt to control for either during the site selection phase of my project (e.g.,
exclusion of parks with significant water views) or through my research design (e.g.,
exclusion of park users who did not reside in Metropolitan Sydney). Each variable
characterises an attribute (i.e., quality) of the city park ecological system (Appendix AA.5) or
social system (Appendix AA.6), and has been positioned either (i) internally to the city park
SES (i.e., core subsystems), or (ii) externally to the broader environment of the city park SES
(Social, Economic and Political Settings or Related Ecosystems). Internal variables are
proposed to interact to codetermine outcomes at the city park level. External variables may
influence outcomes at the city park SESs level, but these outcomes are not assumed to
influence external variables. I term city park provision and city park visits as the two process
relationships (Appendix AA.1) through which interactions lead to social and ecological
outcomes in city park SESs (e.g., psychological outcomes, species diversity; Appendix
AA.4).
Each of my thesis aims / elements / chapters can be conceptualised with reference to
the SESF (Figure 1.3). A more detailed presentation of the functional relationships I explore
among predictor and response variables (i.e., models) are presented in Appendix AA.7
(figures AA.7.1 – AA.7.9). In each of these graphical models, I specify which of the SESFs
basic concepts (and their interconnections) are relevant to each of my research questions
(McGinnis and Ostrom, 2014).
In my Synthesis Chapter (Chapter 6), I discuss and interpret my findings with
reference to the concept of SESs and the SESF, and highlight the significant pathways
identified between response and predictor variables across my analysis.
1.2.7 Values, qualities, and the interdependencies between these variables
In Chapter 2, I review the types of social and ecological qualities that have been linked to
demonstrate 'a social-ecological value of UGS' (i.e., the recognised worth, usefulness or
importance of a greenspace resulting from the interaction between inherent social and
19

Figure 1. 3: Showing the relationship between my thesis aims / elements / chapters,
contextualised within the social-ecological systems framework. (Adapted from McGinnis and
Ostrom, 2014).
Notes: I attempt to control for Governance System attributes of city parks through the
selection of a specific type of UGS (Chapter 2). Feedback paths have been removed for visual
clarity, but apply as per figure 1.1. Full details on process relationships (i.e., interactions) and
outcome metrics related to each research question are detailed in (Appendix AA.1 and AA.4).
Social, Economic and Political Settings variables were used as predictor variables across
certain analyses (e.g. Chapter 3, Aim 2), but were not examined as response variables; hence
are omitted from this figure.
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ecological qualities attributed to the greenspace). In the context of the SESF, socialecological values of UGS can be thought of as complex measures of the state of the focal
SES, and therefore social and/or ecological outcome metrics (Hinkle et al., 2014). I define
UGS qualities as analogous to characteristics, which in the context of the SESF can be
thought of as variables organised within the tiered structure of the SESF. As I have
demonstrated from organising my variables utilised across Chapters 3, 4 and 5 within the
SESF: (i) psychological outcome metrics reported by park users can be positioned as microlevel variables within the Actors core subsystem (i.e., individual factors), and (ii) ecological
variables characterising city parks can be organised within the Resource Systems (e.g., plant
species diversity variable) and Resource Units (e.g., structural heterogeneity variable) core
subsystems. These qualities / characteristics / attributes characterising social and ecological
systems of city parks can be linked to demonstrate a social-ecological value of UGS. For
example, variables characterising the species diversity of parks have been positively
associated with more beneficial psychological outcome metrics reported by park users (Fuller
et al., 2007). This demonstrates a social-ecological value of the UGS, because optimal
psychological functioning is overall beneficial for society. Hence, the relationship between
qualities (i.e., variables measuring characteristics of UGSs) and social-ecological values of
UGS (i.e., social and/or ecological outcome metrics that demonstrate a worth or usefulness of
the greenspace) is complex, as there are interdependencies between these variables.
1.3

My research approach

In section 1.1, I highlighted that opportunities are available to extend and refine our
understanding of the specific ecological characteristics of parks, and/or individual factors
characterising park users, that drive psychological outcomes reported by park users’ from a
visit to parks. In section 1.2, I demonstrated how the concept of SESs and the SESF is
theoretically related to analysing the psychological outcomes of park users. In this section I
justify the research approach taken to address this research priority, state my thesis aims and
outline the structure of the balance of my thesis.
I address these research priorities by investigating how n = 13 psychological outcome
metrics (self-reported by park users during a visit to city parks), are related to a suite of
variables quantifying the ecological characteristics of city parks (e.g., species diversity) and
individual factors characterising city park users (e.g., socio-demographics). Due to the
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complexity of human-environment interactions and the subsequent understanding of these, a
mixed method, multidisciplinary approach was undertaken.
1.3.1 Measuring the psychological outcomes of park users
In environmental psychology, causal pathways have been proposed and investigated via
hypotheses of what ‘mediates’ (i.e., explains) the relationship between human exposure to
nature and psychological benefits (e.g., Mayer et al., 2009; Nordh et al., 2009; Scopelliti et
al., 2012). Mediation seeks to explain “how external physical events (e.g., exposure to nature
settings) take on internal psychological significance (e.g., psychological benefits)” (Baron
and Kenny, 1986, pg. 1176). The concept of mediation is important to my thesis. Not because
my analytical approach centres on positioning variables within a mediation analyses. But
because I selected n = 6 psychological constructs (comprising n = 13 psychological variables)
based on their hypothesised mediator role between human exposure to natural environments
and psychological outcomes. I then classified these constructs, each of which measured a
different aspect of park users’ psychological outcome during park use, in terms of being more
or less beneficial (Appendix AA.8).
I selected four scales to measure psychological constructs related to the mechanism
recovery from stress and attention fatigue (i.e., ‘restoration’) (Mayer et al., 2009, pg. 609).
Drawn from Attention Restoration Theory (ART; Kaplan and Kaplan, 1989; Kaplan, 1995;
Chapter 4), I selected two scales because of their focus on measuring park users’ perceived
opportunity for a park environment to support cognitive restoration. These scales were: 1) the
Perceived Restorativeness Scale (PRS) components being away, fascination, compatibility
and legibility (Hartig et al., 1997); and, 2) perceived likelihood of restoration (Nordh et al.,
2009). Drawn from Stress Reduction Theory (SRT; Ulrich, 1983; Ulrich et al., 1991; Chapter
5), I selected two scales because of their focus on measuring park users’ affective response to
parks; that is, how park users felt about parks, as opposed to the internal affective states of
park users. These measures were: 1) the Scales of Affective Quality Attributed to Place
(SAQAP; Russell and Pratt, 1980) components exciting, gloomy, distressing and relaxing
(herein referred to as place affect), and (2) preference affect (i.e., level of liking for a park;
Nordh et al., 2009).
I selected the Inclusion of Nature in Self (INS) scale (Schultz, 2001) based on the
mechanism outlined above: providing opportunities for personal development and a sense of
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purpose (i.e., connection to nature) (Mayer and Frantz, 2004; Mayer et al., 2009; Nisbet et
al., 2011; Chapter 4).
The final construct, place attachment, was selected to gain further understanding of
the emotional and symbolic relationships that park users formed with city parks (Williams
and Vaske, 2003, pg. 813). Place attachment was measured across two dimensions, place
identity and place dependence, using the place attachment tool outlined in Williams and
Vaske (2003). Related, but distinct, constructs from Williams and Vaske’s (2003) place
attachment tool have been investigated more recently by researchers in relation to UGS
ecology (e.g., sense of place; emotional attachment to, and personal identity gained from,
parks) (Andersson et al., 2007; Fuller et al., 2007; Dallimer et al., 2012; Chapter 4).
An assumption of my research was that objectively specifiable ecological
characteristics of parks may influence park users’ self-reported response across my n = 13
psychological outcomes metrics (Russell and Pratt, 1980; Nordh et al., 2009). In an empirical
case study of urban parks, Nordh et al., took a similar approach: “we assume that the physical
components [e.g., vegetation of parks] influence perceptions of these restorative qualities,
which in turn influence the perceived likelihood of restoration” (2009, pg. 226). There is also
support for this assumption from the developers of the SAQAP, which form n = 4 of my
psychological outcome metrics (i.e., place affects exciting, distressing, gloomy and relaxing).
“They [i.e., the SAQAP] may be used as dependent variables in an attempt to understand
what objectively specifiable properties of environments produce a given affective reaction”
(Russell and Pratt, 1980, pg. 321). Hence, there is support for my assumption from the
available literature (see also section 1.2).
1.3.2 Aims and hypothesis
My primary aim was to determine whether n = 13 psychological outcome metrics were
associated with the ecological characteristics of parks and/or individual factors characterising
park users. In doing so, I expected my results would yield tangible recommendations for the
planning, design and management of city park plant and bird assemblages that supports
beneficial psychological outcomes to park users.
The specific aims of my thesis were to:
1. Review how UGS has been defined and the measures used to demonstrate a socialecological value of UGS (Chapter 2).
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2. Identify how city park sites vary in their ecological characteristics and determine what
social and environmental factors are related to differences in park plant and bird
assemblages (Chapter 3).
3. Examine (i) the socio-demographic profile of park users (e.g., age, gender) and how
city parks are used (e.g., frequency, duration, motivations for use), and (ii) determine
whether these individual factors are related to psychological outcome metrics,
perceptions of nature variables and/or the ecological characteristics of parks.
4. Determine the ecological and/or individual factors related to (i) park users’ species
differentiation skills, (ii) the level of park plant and bird species diversity perceived
by park users, and (iii) the alignment between perceived and ecologically sampled
levels of park plant and bird species richness (Chapter 4).
5. Analyse how n = 8 psychological outcome metrics (i.e., perceived restorativeness
components being away, fascination, compatibility and legibility; likelihood of
restoration; connection to nature; and place attachment dimensions identity and
dependence) are associated with individual factors and/or the ecological
characteristics of parks (Chapter 4).
6. Analyse how n = 5 psychological outcome metrics (i.e., preference affect and place
affect components exciting, distressing, relaxing and gloomy) are associated with
individual factors and/or the ecological characteristics of parks (Chapter 5).
1.3.3 Hypothesis
My overarching hypothesis was that park users’ psychological outcomes would be associated
with varying ecological characteristics of parks and/or individual factors characterising park
users. Specific hypotheses are presented in each relevant chapter (where appropriate).
1.3.4 Thesis structure
The structure of the balance of my thesis is as follows:


In Chapter 2, I present a semi-systematic review of the measures researchers have
used to demonstrate a social-ecological value of UGS. I identify that beneficial
psychological outcomes associated with human contact with natural environments are
a key area requiring further investigation. A heterarchical typology of UGS qualities
is derived that is subsequently used to select the city park sites investigated in this
thesis.
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In Chapter 3, I analyse patterns in park plant and bird assemblages across n = 30 city
park sites using a suite of social and environmental predictor variables. Parks were
found to range along a gradient of high to low ecological complexity, and further
dichotomised into n = 2 park types (i.e., n = 6 rare versus n = 24 common) that are
later compared in Chapters 4 and 5 in relation to psychological outcome metrics
reported by park users.



In Chapter 4, I examine the socio-demographic profile of park users and how parks are
used. I also determine what ecological characteristics of parks and/or individual factors
characterising park users are related to park users’ (i) bird species differentiation skills,
(ii) perceived level of park plant and bird species richness, and (iii) self-reports across n =
8 psychological outcome metrics (see Aim 5).



In Chapter 5, I analyse how the remaining n = 5 psychological outcome metrics (see
Aim 6) are related to individual factors and the ecological characteristics of parks
using correlation analysis, Mann Whitney U Tests and generalised linear modelling.



In Chapter 6, I synthesise findings from across my thesis, relate my results to previous
research and highlight the overall significance of my thesis to the existing literature,
with reference to my overarching theoretical framework. I discuss the limitations of
my study and note key areas for future research. I make recommendations for how the
ecological characteristics of city parks can be planned, designed and managed, which
may support more beneficial psychological outcomes to park users.

1.4

Applied significance of the research

Understanding what factors drive variation in key ecological characteristics of parks (e.g.,
plant and bird species diversity) and park users’ psychological outcomes (e.g., connection to
nature) are potentially inter-related issues, with applied significance for practitioners actively
involved in city park planning, design and management. Why some local council managed
city parks host high, and others low, ecological complexity (e.g., biodiversity), and what
effect this variability has on the type and strength of psychological outcomes reported by
users of these parks, are important questions to address. For example, are city parks
consisting of mown turf and a few scattered trees, sufficient environments for urban dwellers
to connect with the broader natural world? Conversely, parks designed and managed for
specific ecological outcomes (e.g., high plant and animal species diversity, complex
vegetation structure or the presence of many flowering plants) may be more suitable
environments for urban dwellers to affiliate with life and life like processes, and thereby meet
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their need to belong to the natural world (Wilson, 1984; Chapter 4). The ecology of city parks
may drive park users’ affective response to parks. If so, what specific ecological
characteristics are most likely to support the affective wellbeing of park users (Chapter 5)?
Answering these questions is fundamental to informing evidence-based planning, design and
management of city park ecological outcomes that are most likely to support beneficial
psychological outcomes to park users. Findings can assist in achieving sustainable social and
ecological outcomes in city park social-ecological systems, through manipulating the
ecological characteristics of city parks.
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Appendix AA
AA.1 Process relationships termed across my study (i.e., Interactions; Hinkle et al., 2014)
Process relationship /
Explanation of how process relationships were termed across
applicable chapter.
my study
City park provision
1. I term the social and
The process of city park provision involves interactions
environmental process
between first-tier concepts and associated lower-tier variables
through which ecological
of the SESF. Local councils (i.e., Governance Systems)
outcome metrics (e.g. species provide city parks (i.e., Resource Systems, containing plant
diversity) of parks are
and bird Resource Units) for passive recreation use by park
determined: city park
users (i.e., Actors). City park Resource Systems are
provision (I-11).
embedded within the broader urban landscape of
(Chapter 3, Aims 1 & 2)
metropolitan Sydney, Australia (characterised by Related
Ecosystems and Social, Economic and Political Settings
attributes). Interactions between these concepts and
associated variables lead to the determination of ecological
outcomes in city park SESs (e.g. differences in park plant and
bird assemblages).
2. I term the social and
Micro-level actor attributes characterising city park users
environmental process
(i.e., individual factors) can be used to indicate a park user
through which micro-level
profile (e.g. age, gender), as well as how (e.g. frequency,
Actor attributes of park users duration) and why (e.g. motivations for park use) parks are
are determined: city park
used. Local councils (i.e., Governance Systems) provide city
provision (I-11).
parks (i.e., Resource Systems, containing plant and bird
(Chapter 4, Aim 1)
Resource Units) for passive recreation use by park users (i.e.,
Actors) across different locations in metropolitan Sydney
Australia (characterised by Related Ecosystems and Social,
Economic and Political Settings attributes); a process termed
city park provision. These first-tier concepts and associated
lower-tier variables interact to determine: (i) a park user
profile (socio-demographic-economic attributes such as age,
gender), and (ii) how and why parks are used (e.g. frequency
and duration of park use, and motivations for park use).
City park visits
3. I term the social and
Local council’s (i.e., Governance Systems) provide city parks
environmental process
(i.e., Resource Systems containing plant and bird Resource
through which a park user’s
Units) across different locations in metropolitan Sydney
perceived level of species
(characterised by Related Ecosystem and Social, Economic
diversity is determined: city
and Political Settings variables) for use by local residents
park visits (I-13).
(Actors) for passive recreation. Interactions between these
(Chapter 4, Aim 2)
concepts and associated variables of city park SESs lead to
the determination of both an actual level of species diversity
(i.e., a Resource System attribute) and a level of species
diversity perceived by park users (i.e., micro-level Actor
attribute) – which may or may not align. The process through
which variables characterising the ecological system (i.e.,
Resource System, Resource Unit, and Related Ecosystem
attributes) and social system (i.e., micro-level Actor attributes
and Governance Systems) of city parks are proposed to
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4. I also term the process
through which individual
factors (i.e., micro level
Actor attributes such as age,
gender, frequency of park
use, perceived level of
species diversity) and
ecological factors (i.e.,
Resource System and
Resource Unit attributes such
as sample plant species
richness and structural
heterogeneity) interact to
determine psychological
outcome metrics reported by
park users: city park visits (I13).
(Chapter 4, Aim 3 and
Chapter 5, Aim 1).
Species differentiation skills
5. Another process
relationship that I explore is
termed bird species
differentiation skills (I-12)
(Chapter 4, Aim 2).

interact to determine a park user’s perceived level of species
diversity is termed park visits. Different types of people,
exposed to parks with varying ecological characteristics,
perceive a level of species diversity (the outcome metric)
through the process of visiting city parks.
Local councils (i.e., Governance Systems) provide parks with
varying ecological characteristics (i.e., Resource System,
Resource Unit and Related Ecosystem attributes) for passive
recreation use. Through the process of visiting parks with
varying ecological characteristics, park users (i.e., Actors) are
exposed to different types of natural environments (i.e.,
human-nature exposure). Moreover, different types of park
users (characterised by micro-level Actor attributes, such as
socio-demographics) may visit parks with different
ecological characteristics for different reasons (e.g. how and
why parks are used; Actor attributes) and perceive varying
level of species diversity (i.e., Actor attributes). The social
and environmental process through which interactions
between these first-tier concepts, and associated variables of
city park SES, may determine psychological outcome metrics
reported by park users from a visit to city parks is termed
park visits.

The process through which micro-level Actor attributes (e.g.
age, ethnicity) and natural distinctive characteristics of bird
resource units (e.g. plumage colour) interact to determine a
park user’s ability to correctly differentiate between ‘bird
pairs’ as either the same or different species (see Chapter 4)
is termed bird species differentiation skills.
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AA.2 Detailed three-step process outlining how to apply the social-ecological systems
framework to my case study of city parks (McGinnis and Ostrom, 2014).
Step 1

Step one involves selecting a focal level of analysis by identifying (i) the types of
Interactions (i.e., process relationships; Hinkle et al., 2014) and Outcomes related
to a particular Resource System and related Resource Units that is most relevant to
my analytical concerns, (ii) the types of Actors involved, and (iii) which
Governance Systems influence the behaviour of these Actors. Theory and empirical
research guides the selection of variables likely to be important in empirical
settings (reviewed in Chapters 2, 3, 4 and 5). Alternative theories, however, may
suggest the importance of different sets of variables. Careful research design
enables the selection of which cases and what kinds of observations of those cases
best provide the analytical leverage needed to be able to draw valid inferences from
a particular research project. (McGinnis and Ostrom, 2014).

Step 2

Step two involves selecting which variables should be measured to answer each
research question, and what indicator/s best represent particular variables/concepts.
At this stage the framework can help to ensure that important factors have not been
overlooked, and to highlight limitations in terms of factors that have not been
considered. (McGinnis and Ostrom, 2014).

Step 3

Step three involves communicating results from case studies using the common
base of shared terms that comprise the framework (e.g. Resource Systems,
Resource Units, Governance Systems, and Actors). While specific meanings of
each concept, or indicators used to measure each concept, may differ from one
empirical setting to the next, first-tier and second-tier categories should remain
equally relevant to all applications. Using the common base of shared terms from
the framework makes it easier for researchers trained in different disciplines,
studying different resources at different scales in different places and at different
times, to compare findings and communicate results (McGinnis and Ostrom, 2014).
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AA.3: Demonstration of how the suite of predictor and response variables presented across
my Chapters 3, 4 and 5 might be understood within the Ostrom Social-ecological systems
framework (Ostrom, 2009; McGinnis and Ostrom, 2014).
Social, Economic, and Political Settings (S)
S1 – Economic development
S1-a Household income
S1-a(i) Weekly household income (i.e., of the neighbourhood directly surrounding
each park)
S2 – Demographic trends
S2-a Dwelling density
S2-a(i) Dwelling density (1km radius of each park)
S3 – Political stability
S3-a Historical continuity (i.e., length of time the governance system has been in
place)
S3-a(i) Site age (i.e., years since land was politically gazetted as a city park)
Resource system (RS) – city parks
RS1 – Sector: urban greenspace
RS1-a City parks
RS1-a(i – xxx); n = 30 city parks sites (e.g. Morton park, Swains Garden,
Beauchamp Park etc.), each assigned an individual park code.
RS2 – Clarity of system boundaries
RS2-b User-defined boundaries of city park resource systems
RS2-b(i) City park size
RS3 – Size of resource system
RS3-b Resource system shape or configuration (e.g. edge to interior ratio)
RS3-b(i) Topography (i.e., variation within city park site)
RS3-d Size of different habitat or ecosystem types within the resource system (i.e.,
mosaic features)
RS3-d(i) Turf cover (percent)
RS3-d(ii) Canopy cover (percent)
RS3-d(iii) Concrete groundcover (percent)
RS5 – Productivity of system
RS5-b Community/species composition
RS5-b(i) Sample plant species richness
RS5-b(ii) Sample bird species richness
RS5-b(iii) n = 8 ‘bird pairs’ taxonomically defined as either the same or different
species (variable used in the bird species differentiation skills test).
Resource Units (RU) – plants and birds
RU5 – Number of units
RU5-c Relative size (of the population or of individuals in the population)
RU5-c(i) plant abundance
RU5-c(ii) bird abundance
RU5-c(iii) mean leaf size
RU6 – Distinctive characteristics
RU6-a Natural distinctive characteristics
RU6-a(i) flower cover
RU6-a(ii) morphological bird traits (e.g. plumage, beak, eye colour)#
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RU6-b Artificial distinctive characteristics
RU6-b(i) plant nativeness
RU6-b(ii) pesty bird species richness
RU7 – Spatial and temporal distribution
RU7-a Spatial patchiness (e.g. heterogeneity of resource or habitat distribution over
space)
RU7-a(i) structural heterogeneity (of vegetation layers)
Governance System (GS)
GS1 – Policy area
GS1-a Local government greenspace / open space policy and management plans
GS1-a(i) All city park sites selected were governed using policy and planning
documents (e.g. park management plans) developed by their respective local
council.
GS2 – Geographic scale of governance
GS2-a Local municipal councils / Local government areas (LGAs)
GS2-a(i) City park sites were located across 15 local government (i.e., municipal
council) jurisdictions, which varied in geographic location.
GS5 – Rule making organisations (e.g. type of organisation responsible for making or
implementing rules)
GS5-a Public sector organisations (e.g. government agencies)
GS5-a Local municipal councils
G5-a(i) All city park sites were owned and managed by government organisations
(i.e., local councils), publicly accessible, zoned for passive recreation, and
formally designated on town plans (i.e., no informal parks)
GS5-d Community-based organisations
GS5-d(i) local community groups (e.g. bush care groups, friends of the garden
groups and local precinct groups). N = 8 city parks managed by local councils
had local citizen input to park management (i.e., co-management).
GS7 – Property-rights system
GS7-a Ownership
GS7-a(i) All city park land was owned by government authorities (e.g., local
council land, crown land, state government land)
Actors (A)
A1 – Number of relevant actors (n = 3)
A1-a City park users
A1-a(i) n = 813 city park users
A1-b Local government actors
A1-b(i) local council employees who plan, design and/or manage parks
A1-c local community groups
A1-c(iii) local community groups who input to park management / maintenance
(e.g. friends of the garden groups, bush care groups)
A2 – Socio-economic-demographic attributes†^
A2-a Socio-demographic attributes*
(i) Respondent age
(ii) Ethnicity
(iii) Marital status
(iv) Gender
(v) Education
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A2-b Socio-economic attributes*
A2-b(i) Household income
A3 – History or past experiences†
A3-a Subjective wellbeing*
A3-a(i) Positive affect (past month)
A3-a(ii) Negative affect (past month)
A3-a(iii) Life Satisfaction
A4 – Location†
A4-a Household location in urban landscape *
A4-a(i) Household distance from the CBD
A7 – Knowledge of SES / mental models†
A7-a Perceptions of nature*
A7-a(i) Bird species differentiation skills
A7-a(ii) Perceived plant species richness
A7-a(iii) Perceived bird species richness
A8 – Importance of resource (dependence) †
A8-a Resource utility – park use* (i.e., useful/beneficial attributes of how Actors use
city park resource systems)
A8-a(i) Actual duration of park use
A8-a(ii) Intended duration of park use
A8-a(iii) Frequency of park use
A8-a(iv) Distance travelled to use park
A8-a(v) Social nature of visit (alone vs. not alone)
A8-a(vi) Motivation physical activity
A8-a(vii) Motivation peace and tranquillity
A8-a(viii) Motivation socialise
A8-a(ix) Motivation get back to nature
A8-b Resource utility – psychological outcomes*† (i.e., useful or beneficial selfreported psychological outcomes associated with the use of resource system by
Actors)
A8-b(i) Connection to nature
A8-b(ii) Perceived restorativeness – being away
A8-b(iii) Perceived restorativeness – fascination
A8-b(iv) Perceived restorativeness – compatibility
A8-b(v) Perceived restorativeness – legibility
A8-b(vi) Likelihood of restoration
A8-b(vii) Place attachment – identity
A8-b(viii) Place attachment – dependence
A8-b(ix) Preference affect
A8-b(x) Place affect – exciting
A8-b(xi) Place affect – distressing
A8-b(xii) Place affect – gloomy
A8-b(xiii) Place affect – relaxing
Related Ecosystems
ECO3 – Flows into and out of focal SES
ECO3-a Landscape ecology* (e.g. landscape mosaic characteristics, land use, land
cover)
ECO3-a(i) UGS surrounding park (1km radius)
ECO3-a(ii) Park distance from the CBD (Sydney, Australia)
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ECO3-a(iii) Park distance to coast
ECO3-a(iv) Park distance to freshwater
Focal Action Situations: Interactions (I)  Outcomes (O)
Activities and processes (i.e., Interactions)
I-11 – City park provision* (i.e., local municipal council provide/supply/designate city park
sites for use by local residents for passive recreation).
I-12 – Species differentiation skills* (i.e., the ability to correctly differentiate between birds
as either the same or different species)
I-13 – City park visits* (i.e., city park users visit city park sites)
Outcome criteria:
O-1 – Social performance measures† (e.g. psychological outcome metrics)
O-2 – Ecological performance measures (e.g. sample plant species richness)

Notes: In my application of the framework to city park social-ecological systems, I
incorporate (i) all minor amendments to the framework presented in McGinnis and Ostrom
(2014), (ii) the alternative list of second-tier properties for the Governance System core
subsystems presented by McGinnis and Ostrom (2014, pg. 9), (iii) revisions to the Resource
Systems and Resource Units core subsystems by Vogt et al., (2015), and (iv) Hinkle et al’s
(2014) interpretation of the ‘Interactions’ component of Focal Action Situations as ‘process
relationships’ as opposed to first-tier variables (see McGinnis and Ostrom, 2014). I include in
only second-tier and lower-tier concepts/variables of relevance to my study. Full details
specifying the interactions (i.e., process relationships) related to each of my research aims are
detailed in Appendix AA.1. Full details specifying the outcome metrics / performance
measures related to each of my research aims is detailed in Appendix AA.4.† = attribute of
city park users. * = a new second-tier and/or third-tier category created to accommodate
variables of interest to understanding city park outcomes (i.e., an addition to the framework
concepts presented in Chapter 1, Figure 1.2). ^ = slight modification of variable from
McGinnis and Ostrom (2014) to include socio-economics. # = attribute explored in the
species differentiation skills test only (Chapter 4, Aim 2). CBD = central business district;
UGS = urban greenspace; SES = social-ecological system
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AA.4: Proposed Focal Action Situations analysed across my thesis: specifying the process
relationships (i.e., Interactions (I)) and outcome metrics (i.e., social and ecological
performance measures (O1 and O2) related to each of my research questions/aims.
Chapter, aim, research
Focal Action situations: Interactions (I)  Outcomes (O)
question.
 O-2 Ecological performance measures
I-11: City
Chapter 3, Aim 1:
How do city park sites
park
 I report descriptive statistics on a
vary in ecological
provision
variables characterising city park
characteristics?
ecological systems (i.e., Resource
System and Resource Unit
variables) and the broader
environment each city park is
located within (i.e., Related
Ecosystem variables).
 O-2 Ecological performance measures
I-11: City
Chapter 3, Aim 2:
What social and
park
 Community/species composition
environmental factors are provision
(i.e., RS5-b and variables)
related to differences in
- Sample plant species richness
plant and bird
- Sample bird species richness
communities across city
 Relative size (of the plant and bird
parks?
population) (i.e., RU5-c variables)
- plant abundance
- bird abundance

I-11:
City
O-1
Social
performance measures
Chapter 4, Aim 1:
Examine the sociopark
 Socio-economic-demographic
demographic profile of
provision
outcome metrics (i.e., A2-a and A2park users, how and why
b variables)
city parks are used.
- Respondent age
- Ethnicity
- Marital status
- Gender
- Education
- Household income
 Resource utility – park use outcome
metrics (i.e., A8-a variables)
- Actual duration of park use
- Intended duration of park use
- Frequency of park use
- Distance travelled to use park
- Social nature of visit (alone vs.
not alone)
- Motivation physical activity
- Motivation peace and tranquillity
- Motivation socialise
- Motivation get back to nature
Chapter 4, Aim 2.1:
I-12: Species  O-1 Social performance measures
Determine what
differentiation
 Perceptions of nature outcome
ecological and individual
skills
metrics (i.e., A7-a variable)
factors are related to park
- Bird species differentiation skills
users’ bird species
variable (Aim 2.1)
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differentiation skills
Chapter 4, Aims 2.2 and
2.3: Determine what
ecological and individual
factors are related to park
users’ perceived level of
park (i) plant species
richness, and (ii) bird
species richness.
Chapter 4, Aims 2.4 and
2.5: Determine what
ecological and individual
factors are related to the
alignment between
perceived, and
ecologically sampled,
levels of park (i) plant
species richness, and (ii)
bird species richness.

I-13: City
park visits



O-1 Social performance measures
 Perceptions of nature outcome
metrics (i.e., A7-a variables)
- Perceived plant species richness
variable (Aim 2.2)
- Perceived bird species richness
variable (Aim 2.3)

I-13: City
park visits



I-13: City
Chapter 4, Aim 3:
Analyse how n = 8
park visits
psychological outcomes
self-reported by park users
are related to the
ecological characteristics
of parks and/or individual
factors characterising park
users.



O-1 Social performance measures
 Alignment plants outcome metric
- The ‘alignment plants’ variable
was calculated using sample plant
species richness (RS5-b(i)) and
perceived plant species richness
(A7-a(ii)).
 Alignment birds outcome metric
- The ‘alignment birds’ variable
was calculated using sample bird
species richness (RS5-b(ii)) and
perceived bird species richness
(A7-a(iii)).
O-1 Social performance measures
 Resource utility – psychological
outcome metrics (i.e., A8-b
variables)
- Connection to nature
- Perceived restorativeness – being
away
- Perceived restorativeness –
fascination
- Perceived restorativeness –
compatibility
- Perceived restorativeness –
legibility
- Likelihood of restoration
- Place attachment – identity
- Place attachment – dependence
O-1 Social performance measures
 Resource utility – psychological
outcome metrics (i.e., A8-b
variables)
- Preference affect
- Place affect – exciting
- Place affect – distressing
- Place affect – gloomy
- Place affect – relaxing


I-13: City
Chapter 5, Aim 1:
Analyse whether n = 5
park visits
affect response variables
(i.e., psychological
outcome metrics selfreported by park users) are
related to the ecological
characteristics of parks
and/or individual factors
characterising park users.
Note: Details on variable coding are provided in Appendix AA.1, and AA.3.
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AA.5: Detailed explanation of how variables characterising the city park “ecological system”
were organised within the Ostrom social-ecological systems framework: Resource System,
Resource Unit and Related Ecosystems first-tier categories (McGinnis and Ostrom, 2014).
I organised the following ecological variables within the Resource Systems (RS) first-tier
concept, using additions to the Social-Ecological Systems Framework suggested by Vogt et
al. (2015)
 The second-tier variable Sector (RS1) is specified broadly as urban greenspace (UGS),
and I added the third-tier variable City parks (RS1-a) to specify each of the n = 30 city
park sites were analysed as an individual, focal SES, forming n = 30 variables (i.e.,
multiple first-tier Resource System categories).
 The second-tier variable Clarity of system boundaries houses the third tier variable User
defined boundaries of city park resource systems, where I have placed the variable city
park size ((RS2-b(i)). City park size was determined from passive recreation zoning by
local council. Therefore I considered the size variable better placed within the concept
‘user defined’ boundaries of the Resource System as opposed to ‘ecologically defined’
boundaries (i.e., RS2-a; Vogt et al., 2015).
 The second-tier variable Size of resource system (RS3) houses the third-tier variable
Resource system shape or configuration (RS3-b), where I placed the variable
topography (RS3-b(i)). While topography may be considered an exogenous variable
attributable to the broader environment of city parks, I assumed that it is within the
power of city park planners, designers and managers to alter the topography within a
site (e.g. excavation). Hence, I considered topography to be an internal variable of city
park SESs.
 The second-tier variable Size of resource system (RS3) houses the third-tier variable
Size of different habitat or ecosystem types within the resource system (RS3-d), where I
have grouped three ecological variables: turf cover (RS3-d(i)), canopy cover (RS3-d(ii))
and concrete groundcover (RS3-d(iii)).
 The second-tier variable Productivity of system (RS5) houses the third-tier variable
community/species composition (RS5-b), where I have grouped two ecological
variables: sample plant species richness (RS5-b(i)) and sample bird species richness
(RS5-b(ii)).
I organised the following ecological variables within the Resource Units (RU) first-tier
concept, using additions to the Social-Ecological Systems Framework suggested by Vogt et
al. (2015)
 The second-tier variable Number of units (RU5) houses the third-tier variable Relative
size (of the population or of individuals in the population) (RS5-c), where I have
grouped three ecological variables: plant abundance (RS5-b(i)) bird abundance (RS5b(ii)), and mean leaf size (RS5-b(iii)).
 The second-tier variable Distinctive characteristics (RU6) contains two third-tier
variables. Under Natural distinctive characteristics (RU6-a) I have placed the variable
flower cover (RU6-a(i)) and the concept of morphological bird traits (e.g. plumage,
beak, eye colour) (RU6-a(ii)). I include the concept of morphological bird traits because
factors such as plumage, beak and eye colour informed the underlying structure of the
bird species differentiation skills test (Chapter 4, Aim 2.1; Appendix C.5). Under
Artificial distinctive characteristics (RU6-b), I have placed the plant nativeness (RU6b(i)) and pesty bird species richness (RU6-b(ii)) variables. I considered these to be
‘artificial’ characteristics because I classified plants endemic to Australia as ‘native’
and n = 6 synanthropic bird species as ‘pesty’ (see Chapter 4).
 The second-tier variable Spatial and temporal distribution (RU7) contains the third-tier
variable Spatial patchiness (e.g. heterogeneity of resource or habitat distribution over
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space) where I have placed the variable structural heterogeneity (of vegetation layers;
RU7-a(i)).
I organised the following ecological variables within the Related Ecosystems (ECO) first-tier
concept.
 I added the second-tier concept ‘Landscape ecology’ (ECO3-a) under the existing firsttier Related Ecosystems variable Flows into and out of focal SES (ECO3). Under
ECO3-a Landscape Ecology, I positioned four third-tier variables characterising the
broader urban ecological system that each city park SES is embedded within. These
variables include: (i) urban greenspace surrounding each park (ECO3-a(i)), park
distance from the central business district (ECO3-a(ii)), park distance to coast (ECO3a(iii)), and park distance to freshwater (ECO3-a(iv)). I considered these variables to be
exogenous factors to my focal level of SES analysis (i.e., individual city park sites).

Notes: UGS = urban greenspace; SES/s = social ecological system/s. See Appendix AA.3 for
organisation of variables within first-tier categories of the “ecological system” (i.e., Resource
Units, Resource Systems and Related Ecosystems first tier concepts. Across the Resource
System and Resource Unit core subsystems, I make theoretical use of multiple first-tier
categories allowed for within the Social-Ecological Systems Framework (McGinnis and
Ostrom, 2014). For example, I collect data on attributes of both plant and bird Resource Units
(i.e., two types of Resource Units). Theoretically, my variables characterising plants and
birds are organised within two tiers: one Resource Units first-tier category containing
concepts and variables related to plants, and another Resource Units first-tier category
containing concepts and variables related to birds. Similarly, I position multiple city park
sites as individual first-tier categories within the Resource Units core subsystem (i.e., one tier
for each of my thirty city park sites). I do not make this distinction in Appendix AA.3,
however, as I consider it adds un-necessary complexity; suffice to mention it here.
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AA.6: Detailed explanation of how variables characterising the city park “social system”
were organised within the Ostrom social-ecological systems framework: Governance
Systems (GS), Actors (A) and Social, Economic and Political Setting (S) first-tier categories
(McGinnis and Ostrom, 2014).
I organised the following social variables within the Governance Systems first-tier concept,
using the alternative list of second-tier concepts presented by McGinnis and Ostrom (2014,
pg. 9) for reasons specified by these authors.
I mainly attempt to control for Governance Systems concepts and variables during my project
design and site selection phase. In fact the only Governance Systems concept that I collect
data on relates to the presence/absence of different types of Rulemaking organisations (i.e.,
GS5) that input to city park management (details provided below).
 Under the second-tier variable Policy area (GS1), I specify the third-tier variable Local
government greenspace / open space policy and management plans (GS1-a) as the
policy area relating to city parks. City parks are governed using policy and planning
documents developed by their respective local council (e.g. park management plans,
open space policy documents).
 Under the second-tier variable Geographic scale of governance (GS2), I specify a thirdtier concept relevant to my study of city parks: Local municipal councils / Local
government areas (LGAs) (GS2a). I then note a variable reflecting that individual city
park sites were located across 15 local government (i.e., municipal council)
jurisdictions, which varied in geographic location (i.e., GS2-a(i)).
 The second-tier variable Rule making organisations (e.g. type of organisation
responsible for making or implementing rules) (GS5) houses two third tier variables (i)
Public sector organisations (e.g. government agencies) (GS5-a) and (ii) Communitybased organisations (e.g. local community groups) (GS5-d). Within the former thirdtier variable I specify local municipal councils (GS5-a(i)) as the rule making
organisations of city parks. In doing so, I attempt to control for how rule making
organisations may influence greenspace outcomes during the project design and site
selection phase of my project. All city park sites were managed by government
organisations (i.e., local councils), publicly accessible, zoned for passive recreation and
formally designated on town plans (i.e., no informal parks). I use the latter third-tier
variable to indicate that n = 8 city park sites were co-managed by local community
groups (e.g. bush care groups, friends of the garden groups). Hence, the binary variable
that I collect data on relating to each park is the presence/absence of community based
organisation input to city park management.
 The second-tier variable Property-rights system (GS7) refers to the obvious importance
of property-rights systems to the study of SESs (McGinnis and Ostrom, 2014). Here I
have positioned the third-tier concept Ownership (GS7-a), and the associated variable
(GS7-a(i)) specifying that all city park land was owned by government authorities (e.g.,
local council land, crown land, state government land).
I organised the following social variables within the Actors first-tier concept, making a
number of modifications and expansions to accommodate variables of interest to my study
aims.
With the exception of A1, “social” variables organised within the Actors core subsystem
form micro-level Actor attributes characterising individual city park users (i.e., individual
factors).
 The second-tier concept Number of relevant actors (A1) was used to specify three types
of actors identified as relevant to my study of city parks: city park users (A1(i)), local
council employees (e.g. park planners, designers and managers; A1(ii)), and local
community groups (A1(iii)). It is important to note that all subsequent variables within
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the Actors core subsystem are related to variables measuring attributes of city park
users only. As specified above in the Governance Systems section of this table, the only
attribute of local council employees and local community groups that I collected data on
is the presence/absence of these Actor groups in terms of input to city park management
(i.e., see GS5 Rule making organisations).
 I modified the existing second-tier concept Socioeconomic attributes (A2) to include
demographic variables (e.g. age, gender), and renamed it Socio-economic-demographic
attributes. I then created two third-tier concepts. The first being Socio-demographic
attributes (A2-a), where I position n = 6 variables characterising individual city park
users, such as age (A2-a(i)), and ethnicity (A2-a(ii)). The second being Socio-economic
attributes (A2-b) where I position the variable household income (A2b-(i)).
 Under the existing second-tier variable History or past experiences (A3), I added a new
third-tier concept, which I termed Subjective wellbeing (A3-a). Here I grouped three
psychological outcome metrics relating to city park users’ broader subjective wellbeing,
including positive affect experienced over the past month (A3-a(i)), negative affect
experienced over the past month (A3-a(ii)), and life satisfaction (A3-a(iii)).
 Under the existing second-tier variable Location (A4), I added a new third-tier concept
Household location in urban landscape (A4-a), where I position a variable
characterising individual park users household distance from the central business
district (CBD) (A4-a(i)).
 Under the existing second tier-variable Knowledge of SES / Mental models (A7), I
added a new third-tier concept, which I term Park users perceptions of nature (A7-a).
Here I positioned three variables from my study, including bird species differentiation
skills (A7-a(i)), perceived plant species richness (A7-a(ii)), and perceived bird species
richness (A7-a(iii)).
 Under the existing second-tier concept Importance of resource (dependence) (A8), I
added two third-tier concepts, including (i) Resource utility – resource use, and (ii)
Resource utility – psychological outcomes. I added these concepts to accommodate
variables characterising the ‘utility’ of city parks for individual users (i.e., the state of
being useful and/or beneficial). Under the Resource utility – resource use (A8-a) thirdtier concept, I positioned variables characterising the useful or beneficial attributes of
city parks with regards to how and why individual city park users utilised (i.e., visited)
city parks. Under the Resource utility – resource use (A8-a) concept, I organised n = 9
park use variables, such as frequency of park use (A8-a(iii)), duration of park use (A8a(i)) and n = 4 motivation for park use variables (A8-a(vi)). Under the Resource utility –
psychological outcomes (A8-b) concept, I organised n = 13 psychological outcome
metrics characterising beneficial psychological outcomes reported by individual city
park users from a visit to city parks (e.g. connection to nature (A8-b(i)).
I organised the following social variables within the Social, Economic and Political Setting
(S) first-tier concept.
 Under the second-tier concept Economic development (S1), I added the third-tier
concept Household income (S1-a) where I grouped the variable Weekly household
income (S1-a(i)) (i.e., income of the neighbourhood directly surrounding each park).
 Under the second-tier concept Demographic trends (S2), I added the third-tier concept
Dwelling density (S2-a), and positioned the following variable: dwelling density in a
1km radius of each park (S2-a(i)).
 The second-tier concept Political stability (S3), contains the existing third-tier variable
Historical continuity (S3-a), which represents the length of time the governance system
has been in place. I considered this to be the most suitable place of the framework to
accommodate my variable characterising the number of years since the land city park
44

sites were occupying had been politically gazetted as a city park for public use (i.e., the
‘site age’ variable – S3-a(i)).
Notes: SES/s = social ecological system/s. See Appendix AA.3 for organisation of variables
within first-tier categories of the “social system” (i.e., Governance Systems, Actors and
Social, Economic and Political Settings first tier concepts).
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AA.7 Models showing the functional relationships analysed between predictor and response
variables (i.e., outcome metrics), related to specific city park SESs outcomes. Models are
presented in accordance with my thesis aims.

AA.7.1: Chapter 3, Aim 2: What social and/or environmental factors are related to
differences in the following ecological outcome metrics / performance measures: (i) sample
plant species richness, and (ii) plant abundance)?

Social-economic-political setting (S)
- S1-a(i): Weekly household income
- S2-a(i) Dwelling density
- S3-a(i) Site age
---------------------------------------------------------------Resource systems (RS)
- RS2-b(i) City park size
- RS3-b(i) Topography

Focal Action Situation
(I-11)  (O-2)

Governance systems (GS)*

I-11 – City park provision

Resource Units (RU) †

O-2 – Ecological performance
measures:
- O-2(i) Sample plant species
richness (i.e., RS5-b(i))
- O-2(ii) Plant abundance (i.e.,
RU5-c(i))

Actors (A)†

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(i) UGS surrounding park

Notes: Showing the positioning of predictor variables within the first-tier categories of the socialecological systems framework (SESF). In this model/analysis, ecologically sampled plant species
richness (i.e., a Resource Systems variable) and plant abundance (i.e., a Resource Units variable)
form the response variables / ecological outcome metrics (i.e., Ecological performance measures). All
variables positioned outside of the Focal Action Situation are hypothesised predictor variables. The
social and environmental processes through which interactions between social and ecological
variables lead to ecological outcomes of city parks is termed park provision (i.e., I-11; see AA.1).
Model was analysed using generalised linear modelling. * = I attempt to control for the
concept/variable (e.g. similar Governance System attributes of city parks). † = no variable from the
first-tier concept was utilised as a predictor of the response variable (i.e., outcome metric). See
Appendix AA.3, AA.5 and AA.6 for detailed explanation of how variables were organised within the
tiered structure of the SESF and the coding ascribed to each variable (e.g. RS5-b(i)). UGS = urban
greenspace.
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AA.7.2: Chapter 3, Aim 2: What social and/or environmental factors are related to
differences in the following ecological outcome metrics / performance measures: (i) sample
bird species richness, and (ii) bird abundance?

Social-economic-political setting (S)
- S1-a(i): Weekly household income
- S2-a(i) Dwelling density
- S3-a(i) Site age
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-b(i) Topography
- RS5-b(i) Sample plant species
richness
- RS3-d(iii) Concrete
groundcover #
Resource Units (RU)
- RU5-c(iii) mean leaf size ^

Focal Action Situation
(I-11)  (O-2)

Governance system (GS)*

I-11 – City park provision
O-2 – Ecological performance
measures:
- Sample bird species richness (i.e.,
RS5-b(ii))
- bird abundance (i.e., RU5-c(i))

Actors (A)†

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(i) UGS surrounding park
- ECO3-a(ii) Park distance from the CBD
- ECO3-a(iii) Park distance to coast
- ECO3-a(iv) Park distance to freshwater

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, ecologically sampled bird species richness (i.e., a
Resource Systems variable) and bird abundance (i.e., a Resource Units variable) form the response
variables / ecological outcome metrics (i.e., O2 – Ecological performance measures). All variables
positioned outside of the Focal Action Situation are hypothesised predictor variables. # = predictor of
bird abundance outcome metric only. ^ = predictor of bird species richness outcome metric only. The
social and environmental processes through which interactions between social and ecological
variables lead to ecological outcomes of city parks is termed park provision (i.e., I-11; see AA.1).
Model was analysed using generalised linear modelling. * = I attempt to control for the
concept/variable (e.g. similar Governance System attributes of city parks). † = no variable from the
first-tier concept was utilised as a predictor of the response variables (i.e., outcome metric). See
Appendix AA.3, AA.5 and AA.6 for detailed explanation of how variables were organised within the
tiered structure of the SESF and the coding ascribed to each variable (e.g. RS5-b(i)). UGS = urban
greenspace. CBD = central business district
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AA.7.3: Chapter 4, Aim 2: What ecological and/or individual factors are related to park
users’ bird species differentiation skills?

Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS5-b(iii) n = 8 photographs
of ‘bird pairs’ taxonomically
defined as either the same or
different species. Total species
composition: n = 12 (i.e., n = 4
bird pairs showing the same
species; n = 4 bird pairs
showing different species).

Focal Action Situation
(I-12)  (O-1)

Governance system (GS)*

I-12 – Species differentiation skills
O-1 – Social performance measure:
- Bird species differentiation skills
(i.e., A7-a(i))

Actors (A) ^
- A2-a(i) Respondent age
- A2-a(ii) Ethnicity
- A2-a(v) Education
- A4-a(i) Household
distance from the CBD
- A8-b(i) Connection to
nature

Resource Units (RU)
- RU6-a(ii) Morphological bird
traits. Differences / similarities
in colour morphology
informed the selection of pairwise bird photograph
comparisons (e.g. plumage,
beak, feet colouring).

--------------------------------------------------------------Related Ecosystems (ECO) †

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, the bird species differentiation skills variable (i.e.,
a micro-level Actor variable characterising individual park users) forms the response variable / social
outcome metric (i.e., O1 – Social performance measure). All variables positioned outside of the Focal
Action Situation are hypothesised predictor variables. Analysed using a logistic regression. The social
and environmental processes through which interactions between social and ecological variables lead
to social outcomes of city park users (i.e., bird species differentiation skills) is termed species
differentiation skills (i.e., I-12; see AA.1).* = I attempt to control for the concept (i.e., similar
Governance System variables). † = no variable from the first-tier concept of the SESF was modelled as
a predictor of the response variable (i.e., outcome metric). ^ = all variables are micro-level attributes
characterising individual city park users (i.e., individual factors). See Appendix AA.3, AA.5 and
AA.6 for detailed explanation of how variables were organised within the tiered structure of the SESF
and the coding ascribed to each variable (e.g. RU6-a(ii)). CBD = central business district. See Chapter
4, Appendix C.5, for full details on the development and psychometric analysis of the species
differentiation skills task that was newly constructed for my thesis (e.g. explanation of ‘bird pairs’ and
the items that formed the species differentiation skills response variable).
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AA.7.4: Chapter 4, Aim 2: What ecological and/or individual factors are related to park
users’ perceived level of park plant species richness?

Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-d(i) Turf cover
- RS3-d(ii) Canopy cover
- RS5-b(i) Sample plant species
richness

Focal Action Situation
(I-13)  (O-1)

Governance system (GS)*

I-13 – City park visits
O-1 – Social performance measure:
- perceived plant species richness
(i.e., A7-a(ii))

Resource Units (RU)
- RU5-c(i) Plant abundance
- RU6-a(i) Flower cover
- RU6-b(i) Plant nativeness
- RU7-a(i) Structural
heterogeneity

Actors (A)^
- A2-a(i) Respondent age
- A2-a(ii) Ethnicity
- A2-a(v) Education
- A4-a(i) Household
distance from the CBD
- A7-a(i) Bird species
differentiation skills
- A8-a(i) Actual duration of
park use
- A8-a(iii) Frequency of
park use
- A8-b(i) Connection to
nature

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(ii) Park distance from the CBD

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, perceived plant species richness (i.e., a microlevel Actor attribute characterising individual city park users) forms the response variable (i.e., O1;
Social performance measure). All variables positioned outside of the Focal Action Situation are
hypothesised predictor variables. The social and environmental processes through which interactions
between social and ecological variables lead to social outcomes reported by city park users (i.e.,
perceived plant species richness) is termed city park visits (i.e., I-13; see AA.1). Analysed using
recursive binary partitioning (i.e., ctree analysis). * = I attempt to control for the concept (i.e., similar
Governance System variables). † = no variable from the first-tier concept of the SESF was modelled as
a predictor of the response variable (i.e., outcome metric). ^ = all variables are micro-level Actor
attributes characterising individual city park users. See Appendix AA.3, AA.5 and AA.6 for detailed
explanation of how variables were organised within the tiered structure of the SESF and the coding
ascribed to each variable (e.g. RU6-a(i)). CBD = central business district.
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AA.7.5: Chapter 4, Aim 2: What ecological and/or individual factors are related to park
users’ perceived level of park bird species richness?

Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-d(i) Turf cover
- RS3-d(ii) Canopy cover
- RS5-b(i) Sample plant species
richness
- RS5-b(ii) Sample bird species
richness

Focal Action Situation
(I-13)  (O-1)

Governance system (GS)*

I-13 – City park visits
O-1 – Social performance measure:
- perceived bird species richness
(i.e., A7-a(iii))
Actors (A)^
- A2-a(i) Respondent age
- A2-a(ii) Ethnicity
- A2-a(v) Education
- A4-a(i) Household
distance from the CBD
- A7-a(i) Bird species
differentiation skills
- A8-a(i) Actual duration of
park use
- A8-a(iii) Frequency of
park use
- A8-b(i) Connection to
nature

Resource Units (RU)
- RU5-c(i) Plant abundance
- RU5-c(ii) Bird abundance
- RU6-a(i) Flower cover
- RU6-b(i) Plant nativeness
- RU6-b(ii) Pesty bird species
richness
- RU7-a(i) Structural
heterogeneity

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(ii) Park distance from the CBD

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, perceived bird species richness (i.e., a micro-level
Actor attribute characterising individual city park users) forms the response variable (i.e., O1; Social
performance measure). All variables positioned outside of the Focal Action Situation are hypothesised
predictor variables. The social and environmental processes through which interactions between
social and ecological variables lead to social outcomes reported by city park users (i.e., perceived bird
species richness) is termed city park visits (i.e., I-13; see AA.1). Analysed using recursive binary
partitioning (i.e., ctree analysis). * = I attempt to control for the concept (i.e., similar Governance
System variables). † = no variable from the first-tier concept of the SESF was modelled as a predictor
of the response variable (i.e., outcome metric). ^ = all variables are micro-level Actor attributes
characterising individual city park users. See Appendix AA.3, AA.5 and AA.6 for detailed
explanation of how variables were organised within the tiered structure of the SESF and the coding
ascribed to each variable (e.g. RU6-a(i)). CBD = central business district.
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AA.7.6: Chapter 4, Aim 2: What ecological and/or individual factors are related to the
alignment between park users’ perceived, and ecologically sampled, levels of park plant
species richness?
Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-d(i) Turf cover
- RS3-d(ii) Canopy cover
- RS5-b(i) Sample plant species
richness

Focal Action Situation
(I-13)  (O-1)
I-13 – City park visits
O-1 – Social performance measure:
-

Resource Units (RU)
- RU5-c(i) Plant abundance
- RU6-a(i) Flower cover
- RU6-b(i) Plant nativeness
- RU7-a(i) Structural
heterogeneity

Governance system (GS)*

Alignment plants variable: I
calculated the ‘alignment’ between
ecologically sampled (RS5-b(i),
and park users’ perceived (A7a(ii)), level of plant species
richness.

Actors (A)^
- A2-a(i) Respondent age
- A2-a(ii) Ethnicity
- A2-a(v) Education
- A4-a(i) Household
distance from the CBD
- A8-a(i) Actual duration of
park use
- A8-a(iii) Frequency of
park use
- A8-b(i) Connection to
nature

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(ii) Park distance from the CBD

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, the alignment plants variable forms the response
variable (i.e., O1; Social performance measure). The alignment plants variable was calculated by
subtracting the level of plant species richness perceived by park users from the ecologically sampled
level of park plant species richness. All variables positioned outside of the Focal Action Situation are
hypothesised predictor variables. The social and environmental processes through which interactions
between social and ecological variables lead to social outcomes reported by city park users (i.e.,
degree of alignment between perceived and sampled plant species richness) is termed city park visits
(i.e., I-13; see AA.1). Analysed using recursive binary partitioning (i.e., ctree analysis). * = I attempt
to control for the concept (i.e., similar Governance System variables). † = no variable from the firsttier concept of the SESF was modelled as a predictor of the response variable (i.e., outcome metric). ^
= all variables are micro-level Actor attributes characterising individual city park users. See Appendix
AA.3, AA.5 and AA.6 for detailed explanation of how variables were organised within the tiered
structure of the SESF and the coding ascribed to each variable (e.g. RU6-a(i)). CBD = central
business district.
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AA.7.7: Chapter 4, Aim 2: What ecological and/or individual factors are related to the
alignment between park users’ perceived, and ecologically sampled, levels of park bird
species richness?
Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-d(i) Turf cover
- RS3-d(ii) Canopy cover
- RS5-b(i) Sample plant species
richness
- RS5-b(ii) Sample bird species
richness

Resource Units (RU)
- RU5-c(i) Plant abundance
- RU5-c(ii) Bird abundance
- RU6-a(i) Flower cover
- RU6-b(i) Plant nativeness
- RU6-b(ii) Pesty bird species
richness
- RU7-a(i) Structural
heterogeneity

Focal Action Situation
(I-13)  (O-1)

Governance system (GS)*

I-13 – City park visits
O-1 – Social performance measure:
-

Alignment birds variable: I
calculated the ‘alignment’ between
ecologically sampled (RS5-b(ii),
and park users’ perceived (A7a(iii)), level of bird species
richness.

Actors (A)^
- A2-a(i) Respondent age
- A2-a(ii) Ethnicity
- A2-a(v) Education
- A4-a(i) Household
distance from the CBD
- A8-a(i) Actual duration of
park use
- A8-a(iii) Frequency of
park use
- A8-b(i) Connection to
nature

--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(ii) Park distance from the CBD

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis, the alignment birds variable forms the response
variable (i.e., O1; Social performance measure). The alignment birds variable was calculated by
subtracting the level of bird species richness perceived by park users from the ecologically sampled
level of park bird species richness. All variables positioned outside of the Focal Action Situation are
hypothesised predictor variables. The social and environmental processes through which interactions
between social and ecological variables lead to social outcomes reported by city park users (i.e.,
degree of alignment between perceived and sampled bird species richness) is termed city park visits
(i.e., I-13; see AA.1). Analysed using recursive binary partitioning (i.e., ctree analysis). * = I attempt
to control for the concept (i.e., similar Governance System variables). † = no variable from the firsttier concept of the SESF was modelled as a predictor of the response variable (i.e., outcome metric). ^
= all variables are micro-level Actor attributes characterising individual city park users. See Appendix
AA.3, AA.5 and AA.6 for detailed explanation of how variables were organised within the tiered
structure of the SESF and the coding ascribed to each variable (e.g. RU6-a(i)). CBD = central
business district.
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AA.7.8: Chapter 4, Aim 3: Analyse how n = 8 psychological outcome metrics self-reported
by park users are related to the ecological characteristics of parks and/or individual factors
characterising park users.
Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
Focal Action Situation
Governance system (GS)*
- RS2-b(i) City park size
(I-13)  (O-1)
- RS3-d(i) Turf cover
Actors (A)^
- RS3-d(ii) Canopy cover
I-13 – City park visits
- A2-a(i) Respondent age
- RS5-b(i) Sample plant species
- A2-a(ii) Ethnicity
richness
O-1 – Social performance measures:
- A2-a(iv) Gender
- RS5-b(ii) Sample bird species
• Resource utility – n = 8
- A2-a(v) Education1, 2
1
richness
psychological outcome metrics (i.e.,
- A7-a(ii) Perceived plant
A8-b variables)
species richness
- A7-a(iii) Perceived bird
- Connection to nature (A8-b(i))
species richness
Resource Units (RU)
- RU5-c(i) Plant abundance
- Perceived restorativeness – being
- A8-a(i) Actual duration of
- RU5-c(ii) Bird abundance1
away (A8-b(ii))
park use
- RU6-a(i) Flower cover1
- Perceived restorativeness –
- A8-a(ii) Intended duration
- RU6-b(i) Plant nativeness1
fascination (A8-b(iii))
of park use
- RU6-b(ii) Pesty bird species
- Perceived restorativeness –
- A8-a(iii) Frequency of
richness1
compatibility (A8-b(iv))
park use
- RU7-a(i) Structural
- Perceived restorativeness –
- A8-a(iv) Distance
heterogeneity
legibility (A8-b(v))
travelled to use park1, 2
- Likelihood of restoration (A8- A8-a(v) Social nature of
b(vi))
visit1
- Place attachment – identity (A8- A8-a(vi) Motivation – for
b(vii))
physical activity
- Place attachment – dependence
- A8-a(vii) Motivation – for
(A8-b(viii))
peace and tranquillity
- A8-a(viii) Motivation – to
socialise
- A8-a(ix) Motivation – to
get back to nature
--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(i) UGS surrounding park1
- ECO3-a(ii) Park distance from the CBD1

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model/analysis (i.e., univariate generalised linear modelling), n =
8 psychological outcome metrics reported by park users from a visit to parks (i.e., micro-level Actor
attributes characterising individual park users) form the response variables (i.e., O1; Social
performance measures). All variables positioned outside of the Focal Action Situation are
hypothesised predictor variables of the n = 8 psychological outcome metrics. 1 = variable not
hypothesised to influence the legibility psychological outcome metric / performance measure. 2 =
variable not hypothesised to influence the perceived likelihood of restoration psychological outcome
metric / performance measure. The social and environmental processes through which interactions
between social and ecological variables lead to psychological outcomes reported by park users is
termed city park visits (i.e., I-12; see AA.1). * = I attempt to control for the concept (i.e., similar
Governance System variables). † = no variable from the first-tier concept of the SESF was modelled as
a predictor of the response variable (i.e., outcome metric). ^ = all variables are micro-level Actor
attributes characterising individual city park users. See Appendix AA.3, AA.5 and AA.6 for detailed
explanation of how variables were organised within the tiered structure of the SESF and the coding
ascribed to each variable (e.g. RU6-a(i)). CBD = central business district, UGS = urban greenspace.
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AA.7.9: Chapter 5, Data Chapter 3 (Aim 1): Analyse whether n = 5 affect response variables
(i.e., psychological outcomes self-reported by park users) are related to the ecological
characteristics of parks and/or individual factors characterising park users.

Social-economic-political setting (S) †
---------------------------------------------------------------Resource system (RS)
- RS2-b(i) City park size
- RS3-d(i) Turf cover
- RS3-d(ii) Canopy cover
- RS5-b(i) Sample plant species
richness
- RS5-b(ii) Sample bird species
richness

Focal Action Situation
(I-13)  (O-1)

Governance system (GS)*

I-13 – City park visits
O-1 – Social performance measures:
• Resource utility – n = 5
psychological outcome metrics (i.e.,
A8-b variables)

Actors (A)^
- A2-a(i) Respondent age
- A2-a(iv) Gender
- A3-a(i) Positive affect
(past month)
- A3-a(ii) Negative affect
(past month)
- A7-a(ii) Perceived plant
species richness
- A7-a(iii) Perceived bird
species richness
- A8-a(iii) Frequency of
park use
--------------------------------------------------------------Related Ecosystems (ECO)
- ECO3-a(i) UGS surrounding park
- ECO3-a(ii) Park distance from the CBD

Resource Units (RU)
- RU5-c(i) Plant abundance
- RU5-c(ii) Bird abundance
- RU6-a(i) Flower cover
- RU6-b(i) Plant nativeness
- RU6-b(ii) Pesty bird species
richness
- RU7-a(i) Structural
heterogeneity

-

Preference affect (A8-b(ix))
Place affect – exciting (A8-b(x))
Place affect – distressing (A8b(xi))
Place affect – gloomy (A8-b(xii))
Place affect – relaxing (A8-b(xiii))

Notes: Showing the positioning of variables within the first-tier categories of the social-ecological
systems framework (SESF). In this model (analysed using univariate generalised linear modelling), n
= 5 psychological outcome metrics reported by park users from a visit to parks (i.e., micro-level Actor
attributes characterising individual park users) form the response variables (i.e., O1; Social
performance measures). All variables positioned outside of the Focal Action Situation are
hypothesised predictor variables of the n = 5 psychological outcome metrics. The social and
environmental processes through which interactions between social and ecological variables lead to
psychological outcomes reported by park users is termed city park visits (i.e., I-13; see AA.1). * = I
attempt to control for the concept (i.e., similar Governance System variables). † = no variable from the
first-tier concept of the SESF was modelled as a predictor of the response variable (i.e., outcome
metric). ^ = all variables are micro-level Actor attributes characterising individual city park users. See
Appendix AA.3, AA.5 and AA.6 for detailed explanation of how variables were organised within the
tiered structure of the SESF and the coding ascribed to each variable (e.g. RU6-a(i)). CBD = central
business district, UGS = urban greenspace.
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AA.8: Details on how I classified n = 13 psychological outcome metrics in terms of being
more or less beneficial.
I classified and interpreted n = 12 psychological outcome metrics in terms of higher or lower
scores being relatively more, or less, beneficial. The thirteenth psychological outcome metric,
the perceived restorativeness component legibility, was not classified in terms of being more
or less beneficial, and was included to allow exploratory analysis of this variable. This
approach was taken because I measured legibility instead of extent, and it is unclear how
legibility is associated with the perceived restorativeness of urban parks.
I considered a higher score of the (n = 3) perceived restorativeness components being
away, fascination and compatibility to constitute a more beneficial psychological outcome
arising from park use than a relatively lower score. This is because Attention Restoration
Theory (ART; Kaplan and Kaplan, 1989; Kaplan, 1995) characterises being away,
fascination and compatibility as key perceived restorative qualities of environments that
allow directed attention to rest, restore directed attentional capacity, and improve cognitive
function (Chapter 4). I considered that a higher level of perceived likelihood of restoration
was a more beneficial psychological outcome than a comparatively lower level. This is
because perceived likelihood of restoration measures a respondent’s perceived level of
possibility for restoration to occur in a given environment, and as such is a proxy measure of
actual ‘restoration’ (e.g. reflected in changes in performance on tests of directed attention)
(Kaplan, 1995; Nordh et al., 2009; Chapter 4).
I measured n = 5 affect response variables, including preference affect (i.e., level of
liking; Nordh et al., 2009) and the place affect components exciting, distressing, gloomy and
relaxing (i.e., the Scales of Affective Quality Attributed to Place; Russell and Pratt, 1980). I
considered higher levels of affective quality attributed to parks that were positive in valence
(i.e., preference affect and place affect components exciting and relaxing) to constitute more
beneficial psychological outcomes than relatively lower scores. I considered lower levels of
affective quality attributed to parks that were negative in valence (i.e., place affect
components distressing and gloomy) to constitute more beneficial psychological outcomes
than relatively higher scores. This is because affective responses to natural environments that
are positive in valence have been proposed to support people’s emotional wellbeing
(McMahan and Estes, 2015; Chapter 5).
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I considered a higher connection to nature (i.e., measured using the Inclusion of
Nature in Self scale; Schultz, 2001) score to be a more beneficial outcome than a relatively
lower score. This definition is because higher levels of connection to nature have been
positively associated with psychological constructs indicative of positive psychological
functioning, such as positive affect and subjective wellbeing (Mayer and Frantz, 2004; Mayer
et al., 2009; Nisbet et al., 2011; Chapter 4).
Finally, I considered higher place attachment identity and dependence scores to be
more beneficial psychological outcomes than comparatively lower identity and dependence
scores. This is because increasing (i) place dependence reflects an increasing perceived
“importance of a place in providing features and conditions that support specific goals and
activities”, and (ii) place identity reflects an increasing perceived “symbolic importance of a
place as a repository for emotions and relationships that give meaning and purpose to life”
(Williams and Vaske, 2003, pg. 831; Chapter 4).
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AA.9: Full details showing the positioning of variables within the tiered structure of the Ostrom Social-Ecological Systems Framework
(McGinnis and Ostrom, 2014), that were either (i) measured across my study, (ii) considered to some extent or controlled for during research
design and/or site selection, or variables that were not considered (i.e., limitations to my study).
Second-level
concept/variable

Third level variable/s
* = no third-level concept specified by
original authors or I added the concept to
accommodate the variable/s of interest to
my study.

Variable measurement (i.e.,
indicator)
* = variable not measured

Variable use: specifying
chapter, variable type (e.g.
predictor/response variable).
* indicates variable not
measured.

Variable consideration during
project design (e.g. controlled
for during site selection or
data collection).
* indicates variable not
addressed during project
design / no further details.

Resource Systems (RS): first-level concept. Second-level and third-level variable structure adapted from Vogt et al., (2015).
RS1 – Sector (Urban
greenspace)

RS1a City parks

(i) Morton Park
(ii) Eastlakes Reserve
(iii) Camperdown Memorial
Rest Park
(iv) Sydneham Green
(v) Enmore Park
(vi) Yeo Park
(vii) Wentworth Park
(viii) St. Thomas Rest Park
(ix) Wahroongah Park
(x) Maundrell Park
(xi) Alison Park
(xii) Robert Pymble Park
(xiii) Brenan Park
(xiv) Pioneers Memorial Park
(xv) Woolgoolga Reserve
(xvi) Forest Park
(xvii) Weekley Park
(xviii) Roseville Park
(xix) Wynyard Park
(xx) Beauchamp Park
(xxi) Mascot Memorial Park
(xxii) Cook and Phillip Park
(xxiii) Belmore Park
(xxiv) Harbourview Park
(xxv) Thomas Hogan Reserve
(xxvi) Swain Garden
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Across Chapters 3, 4 and 5,
data was analysed at the
‘park level’ (i.e., n = 30 park
sites, ranging between n =
16 – 33 respondents per
park). Each park was
assigned a park code, which
was used in some analysis as
a predictor variable (e.g.
ctree anlaysis).

City parks were identified as
the focal type and scale of
SES analysis.

RS2 – Clarity of system
boundaries

RS3 – Size of resource
system

RS2-a Ecologically defined boundaries
of the resource system (e.g. watershed.)

(xxvii) Stony Range Botanic
Garden
(xxviii) Ivanhoe Park Botanic
Garden
(xxix) E.G. Waterhouse
Garden
(xxx) Lisgar Garden
*

*

*

Park size was constrained
within 0.5 – 5.0 ha during site
selection.

During site selection, sites
were located a minimum of
1km apart to maintain spatial
independence.
*

RS2-b User-defined boundaries of a
resource system

(i) Park size

RS2-c Contiguity of resource system to
adjacent ecosystems of the same type
(e.g. type and quality of matrix
ecosystems)

* (but see ECO3-a)

Predictor of ecological
variables (Chapter 3),
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapters 4 and 5).
*

RS3-a Extent of resource system in
geographic area

*

*

RS3-b Resource system shape or
configuration (e.g. edge to interior ratio)

(i) Topography

RS3-c Fragmentation dynamics

*

Predictor of plant and bird
species richness and
abundance (Chapter 3).
*

RS3-d Size of different habitat or
ecosystem types within the resource
system (i.e., mosaic features)

(i) Turf cover
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Predictor of perceived
species richness (Chapter 4)
and psychological outcomes
(Chapters 4 and 5).

*

*
*

RS4 – Human constructed
facilities

RS5 – Productivity of
system

(ii) Canopy cover

As per turf cover (above)

(iii) Concrete groundcover

Percent canopy cover of park
sites was used to stratify parks
during site selection
*

RS4-a Facilitation of ecological
movement (e.g., species corridors)

* (but see ECO3-a)

Predictor of bird abundance
(Chapter 3)
*

RS4-b Impediments to ecological
movement (e.g., roads, fences)

* (but see ECO3-a)

*

*

RS5-a Resource dynamics (e.g., light,
water, nutrient availability)

*

*

RS5-b Community/species composition

(i) Sample plant species
richness

Response variable (Chapter
3). Predictor of perceived
species richness (Chapter 4)
and psychological outcomes
(Chapters 4 and 5).
As per sample plant species
richness (above)

During site selection, parks
containing significant water
bodies (e.g. lakes, rivers) or
water views (e.g. ocean or
harbour) were excluded. This
was because water may
confound the relationship
between ecological
characteristics of parks (e.g.
species diversity) and
psychological outcomes of
park users (see White et al.,
2010)
*

(ii) Sample bird species
richness
(iii) n = 8 ‘bird pairs’
taxonomically defined as
either the same or different
species (variable used in the
bird species differentiation
skills test).
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*

*
Bird pair selection was
informed by morphological
differences and similarities
within and between species
(e.g. plumage, beak, eye and
feet colouring).

RS6 – Equilibrium
properties

RS7 – Predictability of
system dynamics

RS8 – Storage
characteristics

RS9 – Location
RS10 – Ecosystem history

RS6-a Successional stage/trajectory

*

*

*

RS6-b Existence of alternative stable
states and thresholds between states

*

*

*

RS6-c Frequency/timing of
disturbance(s)

* (but see S3-a)

*

*

RS6-d Extent of disturbance(s)

*

*

RS6-e Magnitude/intensity of
disturbance(s)

*

*

* All sites were restored from
previous land uses (e.g. tips).
Therefore I assumed highly
disturbed soil profiles.
*

RS7-a Stochasticity/uncertainty of
driving forces (e.g., disturbances,
population dynamics)
RS7-b Probability of driving force
leading to a given outcome (or
immediate outcome)
RS7-c Variability (range of) driving
forces

*

*

*

*

*

*

*

*

*

RS7-d Time period that may be predicted

*

*

*

RS8-a Nutrient source-sink dynamics

*

*

*

RS8-b Spatial and temporal patterns in
storage

*

*

*

RS9-a Connectivity of resource system
to nearby ecosystems of similar and
different types
RS10-a Relevant geologic history

* (but see ECO3-a variables)

*

*

*

*

RS10-b Natural disaster history

*

*

All sites were restored from
previous land uses (e.g. tips),
therefore I assumed altered
geological soil profiles.
*
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RS10-c Human use and disturbance
history

* (but see S3-a)

*

Resource Units [RU]: first-level concept. Second and third level structure adapted from Vogt et al. (2015).
RU1 – Resource unit
RU1a Mobile resource units
*
*
mobility

RU2 – Growth or
replacement rate

RU3 – Interaction among
resource units

All sites zoned for passive
recreation by local municipal
councils.
Birds were considered mobile
resource units. Hence different
predictor variables were
hypothesised to influence bird
than plant response variables
(Chapter 3).
*
Plants were considered
stationary resource units.
Hence different predictor
variables were hypothesised to
influence plant than bird
response vairables (Chapter
3).
*

RU2b Patch dynamics
RU2c Stationary resource units

*
*

*
*

RU2-a Length of time to reproductive
maturity
RU2-b Source-sink population dynamics
(including migration patterns)

*

*

*

*

RU2-c Effective population size and
reproductive rate
RU3-a Competition within species
(intraspecific competition)
RU3-b Competition between species
(interspecific competition)
RU3-c Predation (including herbivory,
parasitism)
RU3-d Mutualism
RU3-e Multilevel trophic
interactions/cascades

*

*

Migratory birds seasonally
visit Australia. Hence,
ecological sampling of birds
occurred over one season (i.e.,
Spring, 2013).
*

*

*

*

*

*

*

*

*

*

*
*

*
*

*
Plant variables were
hypothesised to influence bird
response variables in Chapter
3.
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RU4 – Economic value
RU5 – Number of units

RU4-a Subsistence value
RU4-b Absolute economic value
RU4-c Relative economic value
RU5-a Population (and subpopulation)
dynamics
RU5-b Absolute size
RU5-c Relative size (of the population or
of individuals in the population)

*
*
*
*

*
*
*
*

*
*
*
*

*
(i) plant abundance

*
Response variable (Chapter
3). Predictor variable
(Chapters 4 and 5).
As per plant abundance
(above).
Predictor variable (Chapter
3).
Predictor variable (Chapters
4 and 5)
*

*
*

(ii) bird abundance
(iii) mean leaf size
RU6 – Distinctive
characteristics

RU6-a Natural distinctive characteristics

(i) Flower cover
(ii) morphological bird traits
(e.g. plumage, beak and feet
colour)

RU6-b Artificial distinctive
characteristics

(i) Plant nativeness

(i) Structural heterogeneity (of
vegetation layers)

Predictor variable (Chapter 4
and 5).
As per plant nativeness
(above).
Predictor variable (Chapter 4
and 5).

*

*

(ii) Pesty bird species richness
RU7 – Spatial and
temporal distribution

RU7-a Spatial patchiness (e.g.
heterogeneity of resource or habitat
distribution over space)
RU7-b Temporal patchiness
(heterogeneity of resource or habitat
distribution over time i.e., phenology)

*
*

Bird traits (e.g. morphological
characteristics of bird species
such as plumage colour) were
used to inform the design of
the species differentiation test
(Chapter 4).
*

*

Ecological sampling (i.e., of
city park plant and bird
assemblages) and social
sampling (i.e., of park users)
occurred over one season –
Spring, 2013 (i.e., data
collected in < 1 week across
each park site).

Governance Systems [GS] – first-level concept. Second and third level structure adapted from McGinnis and Ostrom (2014, pg. 9, Table 2)
GS1 – Policy area
GS1a Local government greenspace /
*
*
All city park sites selected

62

GS2 – Geographical scale
of governance system

GS3 – Population
GS4 – Regime type
GS5 – Rule making
organisations (e.g. type of
organisation responsible
for making or
implementing rules)

GS6 – Rules in use
GS7 – Property-rights
system

open space policy and management plans
(e.g., local government strategic planning
documents, sustainability policies,
environmental management plans, park
management plans)
GS2a Local municipal councils / Local
government areas (LGAs)

*

*

*
*
GS5-a Public sector organisations (e.g.
government agencies)

*
*
(i) local municipal councils

*
*
See Chapter 3.

GS5-b Private sector organisations (e.g.
for profit)

*

*

GS5-d Community-based organisations

(i) local community groups
(e.g. bush care groups, friends
of the garden groups and local
precinct groups).

See Chapter 3.

GS5-d Hybrid organisations
GS6-a Operational-choice rules
GS6-b Collective-choice rules
GS6-c Constitutional-choice rules
GS7-a Ownership

*
*
*
*
*

*
*
*
*
*
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were governed using policy
and planning documents (e.g.
park management plans)
developed by their respective
local council.
City park sites were located
across 15 local government
(i.e., municipal council)
jurisdictions, which varied in
organisation structure and
geographic location.
*
*
All city park sites were:
managed by government
organisations (i.e., local
councils), publicly accessible,
zoned for passive recreation,
and formally designated on
town plans (i.e., no informal
parks)
Social sampling excluded
interviewing of private sector
organisations using parks (e.g.
personal fitness trainers, paid
dog walkers, disability
workers paid to bring clients
to parks)
n = 8 city parks managed by
local councils also had local
citizen input to park
management (i.e., comanagement arrangements).
*
*
*
*
All city parks were owned by
government authorities (e.g.,

local council land, crown land,
state government land)
*

GS8 – Repertoire of
*
*
*
norms and strategies
GS9 – Network structure
*
*
*
*
GS10 – Historical
*
*
*
*
continuity
Actors [A] – first-level concept. Adapted from McGinnis and Ostrom (2014, pg. 5, Table 1). # indicates that I either created or slightly modified the category to
organise variables relevant to my study aims within the framework (e.g. new second-tier or third-tier concept/variable) ^ indicates the details on variable use,
measurement, and consideration relate to attributes of city park users only (i.e., not to other relevant actors identified in A1, including local council employees
and/or local community groups).
A1 – Number of relevant
n= 3 types of actors were identified as
(i) city park users (n = 813)
Attributes (i.e.,
Inclusion and exclusion
actors
relevant to my study of city parks:
(ii) local council employees
characteristics / qualities) of criteria were developed for
who plan, design and/or
city park users were
interviewing of city park users
A1-a City park users
manage parks
measured using in-situ
(e.g. had to be > 18 years old,
A1-b Local government actors
(iii) local community groups
surveys, which are modelled live in Metropolitan Sydney,
A1-c local community groups
who input to park
variously across Chapters 4
use the park for ≥ 10 minutes
management / maintenance
and 5 as response and/or
etc.; see Chapter 4).
(e.g. friends of the garden
predictor variables,
groups, bush care groups)
depending on relevant
Chapter aims.
A2 – Socio-economicA2-a Socio-demographic attributes
(i) Respondent age
Predictor variable (or
*
demographic attributes ^ #
controlled for in analysis) of
species differentiation skills,
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapters 4 and 5).
(ii) Ethnicity
Predictor variable of species *
differentiation skills,
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapter 4).
(iii) Marital status
Predictor of psychological
*
outcomes (Chapter 4).
(iv) Gender
Predictor variable (or
*
controlled for in analysis) of
psychological outcomes
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A4 – Location ^

A4-a Household location in urban
landscape

(iii) Life Satisfaction
(i) Household distance from
the CBD

A5 – Leadership /
entrepreneurship
A6 – Norms (trustreciprocity) / social capital
A7 – Knowledge of SES /
mental models

*

*

(Chapters 4 and 5).
Predictor variable of species
differentiation skills,
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapter 4).
Correlation analysis.
Correlation analysis.
Predictor variable of
psychological outcomes
(Chapter 5).
Correlation analysis.
Predictor variable of
psychological outcomes
(Chapter 5).
Correlation analysis.
Predictor of species
differentiation skills and
perceived species richness
(Chapter 4).
*

*

*

*

*

A7-a Perceptions of nature #

(i) Bird species differentiation
skills

Response variable (Chapter
4).
Predictor of perceived
species richness measures
(Chapter 4).

(ii) Perceived plant species
richness

Response variable (Chapter
4). Predictor of
psychological outcomes
(Chapters 4 and 5).
Response variable (Chapter
4). Predictor of
psychological outcomes

The species differentiation
skills test was designed to
include bird species
commonly encountered in
Metropolitan Sydney (i.e.,
species park users may
know/recognise)
*

(v) Education

A3 – History or past
experiences ^

A2-b Socio-economic attributes
A3-a Subjective wellbeing

(i) Household income
(i) Positive affect (past month)

(ii) Negative affect (past
month)

(iii) Perceived bird species
richness
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*

*
*

Respondents who lived
outside of metropolitan
Sydney were discarded from
analysis.
*

*

A8 – Importance of
resource (dependence)^

A8-a Resource utility – resource use (i.e.,
useful/beneficial attributes of how Actors
use city park resource systems) ^ #

(i) Actual duration of park use

(ii) Intended duration of park
use
(iii) Frequency of park use

(iv) Distance travelled to use
park
(v) Social nature of visit
(alone vs. not alone)
(vi) Motivation physical
activity
(vii) Motivation peace and
tranquillity
(viii) Motivation socialise

A8-b Resource utility – psychological
outcomes (i.e., useful or beneficial selfreported psychological outcomes
associated with the use of resource
system by Actors) ^ #

(ix) Motivation get back to
nature
(i) Connection to nature

(ii) Perceived restorativeness –
being away
(iii) Perceived restorativeness
– fascination
(iv) Perceived restorativeness
– compatibility
(v) Perceived restorativeness –
legibility
(vi) Likelihood of restoration
(vii) Place Attachment –
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(Chapters 4 and 5).
Predictor of perceived
species richness (Chapter 4)
and psychological outcomes
(Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of perceived
species richness (Chapter 4)
and psychological outcomes
(Chapters 4 and 5).
Predictor of psychological
outcomes (Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of psychological
outcomes (Chapter 4).
Predictor of species
differentiation skills and
perceived species richness
(Chapter 4). Response
variable (Chapter 4).
Response variable (Chapter
4).
Response variable (Chapter
4).
Response variable (Chapter
4).
Response variable (Chapter
4).
Response variable (Chapter
4).
Response variable (Chapter

Park users were excluded if
they used the park for < 10
minutes (i.e., duration of park
use).
*
*

*
*
*
*
*
*
*

*
*
*
*
*
*

identity
(viii) Place attachment –
dependence
(ix) Preference affect
(x) Place affect – exciting
(xi) Place affect – distressing
(xii) Place affect – gloomy
(xiii) Place affect – relaxing

4).
Response variable (Chapter
4).
Response variable (Chapter
5).
Response variable (Chapter
5).
Response variable (Chapter
5).
Response variable (Chapter
5).
Response variable (Chapter
5).
*

A9 – Technologies
*
*
available
Social, economic and political Settings [S]: first-tier concept. Adapted from McGinnis and Ostrom (2014, pg. 5, Table 1)
S1 – Economic
S1-a Household income #
(i) Weekly household income
Predictor of ecological
development
(i.e., of the neighbourhood
variables (Chapter 3).
directly surrounding each
park)
S2 – Demographic trends
S2-a Dwelling density
(i) Dwelling density (1km
Predictor of ecological
radius of each park)
variables (Chapter 3).
S3 – Political stability
S3-a Historical continuity (i.e., length of
(i) Site age (i.e., years since
Predictor of ecological
time the governance system has been in
land was politically gazetted
variables (Chapter 3).
place)
as a city park)
S4 – Other governance
*
*
*
systems
S5 – Markets
*
*
*
S6 – Media organisations
*
*
*
Related Ecosystems [ECO]: Adapted from McGinnis and Ostrom (2014, pg. 5, Table 1)
ECO1 – Climate patterns
*
*
*

ECO2 – Pollution patterns

*

*

*

ECO3 – Flows into and

ECO3-a Landscape ecology (e.g.

(i) UGS surrounding park

Predictor of ecological
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*
*
*
*
*
*
*

*

*
*

*
*
*
All sites located within
Metropolitan Sydney, with
similar climate patterns across
parks.
All sites located within
Metropolitan Sydney, with
similar pollution patterns
across parks.
All sites located within

out of focal SES

landscape mosaic characteristics, land
use, land cover)

(1km radius)

(ii) Park distance from the
central business district
(Sydney, Australia)

(iii) Park distance to coast
(iv) Park distance to
freshwater
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variables (Chapter 3),
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapters 4 and 5).
Predictor of ecological
variables (Chapter 3),
perceived species richness
(Chapter 4) and
psychological outcomes
(Chapters 4 and 5).
Predictor variable (Chapter
3)
Predictor variable (Chapter
3)

Metropolitan Sydney

All sites located within
Metropolitan Sydney

All sites located within
Metropolitan Sydney
All sites located within
Metropolitan Sydney
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CHAPTER TWO: LITERATURE REVIEW

Defining and measuring the social-ecological quality of urban greenspace: a semisystematic review
Abstract: Various disciplines have examined the role of urban greenspace in delivering a
wide array of social-ecological values to urban residents. This semi-systematic review of 50
studies assesses how links between the social and ecological qualities of urban greenspace
have been measured to establish social-ecological values, and what qualities researchers have
used to define greenspace type. Our review identified that differences in the definition and
measurement of greenspace and its ecological and social qualities can have a profound
impact on interpretations of greenspace value. We argue that it is critical to acknowledge the
heterogeneity among different greenspace types, and to use suitable metrics of greenspace
ecological and social quality accordingly. We present (i) a heterarchical typology of
greenspace qualities (rather than a hierarchical typology of urban greenspaces) that can be
used to define greenspace type, and (ii) identify research clusters, gaps and emerging lines of
inquiry into the social-ecological values of greenspace.
Hunter, A, J., Luck, G, W. (2015). Defining and measuring the social-ecological quality of
urban greenspace: a semi-systematic review. Urban Ecosystems, 18(4), 1139-1163.
http://dx.doi.org/10.1007/s11252-015-0456-6
2.1

Introduction

2.1.1 Defining urban greenspace (UGS)
The urban environment can be divided into ‘green’ and ‘grey’ spaces (Swanwick et al.,
2003). Greenspace is generally considered to be open, unsealed land with some form of
vegetation cover (Swanwick et al., 2003; Jorgensen and Gobster, 2010), which is notably
different from the usually impermeable built infrastructure of urban landscapes such as
buildings and roads. Examples include city parks and gardens, sports ovals, nature strips,
green roofs, domestic gardens, institutional grounds (e.g. hospitals and universities),
cemeteries, urban agriculture (e.g. allotments and city farms) and conservation reserves.
When this greenspace occurs within the limits of urban settlements, it is often referred to as
‘urban greenspace’ (UGS) (Jim and Chen, 2006). UGS is a central part of urban ecosystems
(Jorgensen and Gobster, 2010) and serves as one of the few opportunities for urban residents
to interact with nature (Jorgensen et al., 2002; Bruni et al., 2008).
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Understanding the social-ecological values of UGS is critical to improving the
contribution of urban ecosystems to human physical health and psychological wellbeing, a
topic that has attracted substantial attention in recent years (Fuller et al., 2007; Dallimer et al.,
2012; Ward Thompson et al., 2012; Qin et al., 2013). We define a ‘social-ecological value of
UGS’ as the recognised worth, usefulness or importance of a greenspace resulting from the
interaction between inherent social and ecological qualities possessed by the greenspace1
(with detailed examples to follow in the next two sections). Advancing this area of research
requires a more complete understanding of the differences occurring among UGSs, and how
different greenspace qualities may result in varying social-ecological values.
While a general definition of UGS is well established and broadly accepted, there is
much less clarity surrounding how different types of UGS should be defined or
conceptualised. UGS is not homogeneous, varying in composition within and between
different countries, cities, neighbourhoods and individual backyards (Freeman and Buck,
2003; Fuller et al., 2007; Dallimer et al., 2011; Kendal et al., 2012; Wang et al., 2013).
Consequently, not all UGSs are the same in terms of their social and ecological qualities, and,
subsequently, differ in the values they provide to and in the way they are valued by society.
2.1.2 Relationship between UGS values and qualities
Understanding UGS values means acknowledging the importance, worth or usefulness of
greenspaces. Recognising the role UGS plays in generating social-ecological values requires
shifting from a narrow focus on greenspace quantity (how much there is in a city or
neighbourhood) to more comprehensive assessments of greenspace quality (the standard or
status of the greenspace when measured against other greenspaces of a similar or dissimilar
type). We propose that the overall quality of UGS is a function of its particular social or
ecological qualities: the distinctive attributes possessed by an UGS such as management type
or species diversity.
UGS qualities are analogous to UGS ‘characteristics’, the latter term being more
commonly used in some disciplines (e.g. ecology). However, we consider that the descriptor
‘qualities’ will better facilitate interdisciplinary communication, particularly between the
social and biological sciences. UGS social qualities are the range of anthropogenic attributes
directly influencing greenspace status such as accessibility, recreational use (visitation rates
1

See Appendix A.5 for further discussion contextualising our use of the term ‘value’ in relation to broader
meanings in social psychology research and Natural Resource Management (Kendal et al., 2015).
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and types of use), management, as well as political and financial aspects. UGS ecological
qualities are the natural attributes of a greenspace and can include, for example, plant and
animal diversity and abundance, flower density and tree canopy cover.
Given the heterogeneity among different types of UGS, by focussing on the qualities
of UGS, researchers can begin to answer questions about whether all UGSs generate the same
values. Consequently, this emphasises the need for a classification system, or typology, for
organising UGS types based on variation in the qualities of different types. For example, the
values assigned by recreational users to a sports oval are likely to be completely different to
those assigned to a botanic garden by the same types of users. The former UGS may
contribute positively to physical health outcomes by providing settings conducive for
physical activity, whereas the latter may contribute positively to psychological wellbeing
outcomes by providing settings for psychological restoration (Ulrich, 1983; Kaplan, 1995).
The positive values of UGS (as broadly defined) have been widely reviewed
(Smardon, 1988; Knecht, 2004; Bell et al., 2007; Luck et al., 2009; Abraham et al., 2010;
Bowler et al., 2010; Haq, 2011; Bratman et al., 2012; Keniger et al., 2013; Konijnendijk et
al., 2013). However, Lee and Maheswaran (2011) argued that studies need to consider a
broader range of factors to better understand the causal mechanisms behind the values that
UGS yields. Jorgensen and Gobster (2010) noted that while much attention has been given to
measuring the social qualities and values of UGS, determining how different ecological
qualities of UGS yield different social-ecological values has received considerably less
attention.
Studies of particular types of UGS, such as domestic (Cameron et al., 2012) and
community (Guitart et al., 2012) gardens, suggest that greenspace qualities vary within and
between greenspace settings, and different qualities may not generate the same values.
Questions about whether particular ecological qualities of UGS promote particular values
(e.g. improving psychological wellbeing outcomes) are gaining increasing attention
(Jorgensen and Gobster, 2010), as contradictory evidence (discussed in detail in Chapter 4)
begins to mount regarding this premise (Fuller et al., 2007; Dallimer et al., 2012;
Konijnendijk et al., 2013; Carrus et al., 2015).
Given the range of values UGS provides, and the potential for variability in these
values, it seems imperative to organise UGSs into similar types through identification of the
distinctive social and ecological qualities they possess and how these link to measurable (or
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qualitatively identified) social-ecological values. We argue that both broad types of UGS and
individual greenspace sites have specific social and ecological qualities, which interact to
generate varying social-ecological values. For example, broadly classified types of UGS such
as ‘recreational greenspaces’ may yield social values such as improved physical health. Yet,
the psychological benefits people gain from using individual recreational greenspace in
Sheffield, UK, have been shown to vary in relation to the ecological qualities of particular
greenspace sites such as percentage of canopy cover and species richness (Fuller et al., 2007;
Dallimer et al., 2012). This represents a social-ecological value because higher levels of
psychological wellbeing overall are beneficial to society.
Much of the research on UGS has typically focussed on measuring social or
ecological qualities as indicators of particular social or ecological values, in isolation. Yet,
urban landscapes are complex social-ecological systems where humans impact on, and are
impacted by their environment, and Berkes et al. (2003) argued that integrated socialecological systems are arbitrarily conceptualised when dichotomised and evaluated as
isolated social or ecological systems. Treating the components of social-ecological systems in
isolation fails to identify new and complex mechanisms that may emerge through integrated
studies that consider explicit links between systems in urban areas. Consequently,
understanding the values provided by UGS, and the mechanisms that underpin these values,
requires acknowledging the relationship between nature and humans through linking social
and natural science investigations (Berkes et al., 2003). We propose that the mechanisms
underpinning the generation of social-ecological values are interactions between social and
ecological qualities of greenspaces. In turn, we suggest that, to facilitate understanding of
UGS values, a typology of UGS is required that acknowledges differences and similarities
among UGSs.
2.1.3 The need for a new typology of UGS
Previous UGS typologies (see for example Brady, 1979; Freeman and Buck, 2003; Swanwick
et al., 2003; Bell et al., 2007) may be useful for conceptualising UGS from particular
disciplinary perspectives such as planning or ecology, and/or for specific management
purposes, however their applicability to research may be problematic. For example, Bell et al.
(2007), building on previous work (Urban Greenspace Taskforce, 2002), present a typology
grouping green spaces based on nine descriptive land use categories (pg. 107). Taking
community gardens as an example type of greenspace, in Bell et al’s (2007) typology,
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community gardens are categorised as ‘Allotments, community gardens and city farms’.
However, it becomes apparent that community gardens as a ‘type’ of UGS can actually occur
in all eight other categories in the typology such as disused church yards, urban parks and
gardens, adjacent to playing fields, in housing greenspaces, children’s playgrounds and verge
gardens. This suggests descriptive planning terminologies and ‘land use’ categories are
inadequate as the primary classification system when categorising the complex nature of
UGS.
Classifications of UGS can occur in many ways such as type of owner (government,
commercial, private), management (intensive mowing versus less maintained ‘wildscapes’)
or access (24 hour; daylight only; private) (Urban Greenspaces Taskforce, 2002). Deciding
on the best quality of UGS to use to categorise greenspace will likely depend on the research,
management or policy objective. In terms of research on urban areas, there is a substantial
need to develop typologies that facilitate cross-disciplinary understanding. Assessments of
what values people gain from different types of UGS – such as community gardens, sports
ovals and green roofs – are important if society is to create a network of green settings that
cater to the diverse needs of residents.
Acknowledging the heterogeneity among different types of UGS requires a
classification system that incorporates the similarity and dissimilarity among UGS qualities.
While including every quality of a particular greenspace is impractical, classifying UGS
should involve using relevant social and ecological qualities (which will likely differ in
different research and applied contexts), which is fundamental to understanding the
mechanisms underpinning the generation of UGS values. Variation can exist between
different types of UGSs and within UGSs classified as the same type (Appendix A.1). For
example, green roofs can differ in biotic qualities, accessibility and management approach.
Management approach of an UGS is a social quality that may influence an UGSs
ecological quality such as species abundance (Andersson et al., 2007), while ecological
qualities such as the amount of canopy cover (Dallimer et al., 2012) and species richness
(Fuller et al., 2007) of parks have been linked to values such as the psychological wellbeing
of park users. This suggests management can play a direct and indirect role in influencing
psychological wellbeing of UGS users, the latter through influencing the ecological qualities
of a greenspace. Therefore, management approach is a potential variable, or quality of UGS,
that should be acknowledged by studies that seek to link social and ecological qualities to
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demonstrate UGS values. In identifying the full range of qualities inherent within and
influencing UGSs, different greenspaces can be organised into types – defined according to
commonly shared qualities – facilitating better quality research into how social-ecological
values are generated.
2.1.4 Overview of this review
In this review, we address the following questions:
1) Which measures have been used to study links between social and ecological qualities
of UGS; and,
2) What qualities have researchers used to define UGS type?
Using a research mapping exercise similar to Bell et al. (2007) and Jorgensen and
Gobster (2010), we summarise the types of measures used to ‘link’ (i.e., demonstrate a
relationship between) the following: i) social and ecological qualities of UGS; and/or ii) a
quality of UGS and a value that is generated. We were most interested in which measures
researchers used to demonstrate the social-ecological value of the greenspace. For example,
some studies (Richardson et al., 2012; Villeneuve et al., 2012) identified relationships
between how much UGS there was in a city or neighbourhood and resident’s mortality rates –
where reduced mortality rates in locations with more UGS represents a positive socialecological value of greenspace.
We also identified the range of qualities researchers used to define UGS with the aim
of developing a heterarchical typology of UGS qualities, rather than a hierarchical typology
of urban green spaces. We do not aim to identify new types of greenspace; however, we do
aim to identify and describe variability among UGS qualities. Our typology differs from
others in that it focusses on helping researchers, planners and policy makers to group types of
greenspace based on commonly shared qualities.
2.1.5 Benefits of a heterarchical typology of greenspace qualities
In a heterarchical typology of greenspace qualities, the qualities that are used to classify
greenspace type depend not on the position of the quality in a hierarchy, but on the
importance of a quality as identified (e.g. by a researcher or policy maker) during the process
of defining and classifying variability between different UGS types (Maccoby, 2000). This
may be an emergent or iterative process. In this sense, a focus on a heterarchical typology of
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UGS qualities used to define UGS type can facilitate cross-disciplinary investigation,
integrating biological and social science disciplines by encouraging academics and policy
makers to acknowledge social-ecological qualities of UGS outside the scope of their
respective ‘disciplinary silos’ or governance areas. Positioning an ecological quality of UGS
as a primary stage in a classification system with a social quality at a subsequent stage in a
hierarchy, or vice versa, implies to an extent that a social or ecological quality of UGS takes
precedence, as opposed to recognising qualities of UGS as outcomes of integrated socialecological systems (Figure 2.1).

Figure 2. 1: Hierarchy versus heterarchy for conceptualising qualities of UGS.
Notes: Adapted from (Maccoby, 2000). A heterarchy conceptualises qualities of UGS as
interconnected and mutually influential, whereas a hierarchy gives limited acknowledgement
of the interrelationships between qualities of greenspace. For example, in both a hierarchy
and a heterarchy, management is recognised as influencing the qualities of ownership, biotic,
designation, physical and access. However, only in the heterarchical conceptualisation are the
interrelationships between all qualities of UGS acknowledged. Note, only n = 6 qualities are
presented here, yet we observed n = 14 qualities of UGS in total (see Table 2.4; Appendix
A.2).
While we advocate a heterarchical typology of UGS qualities, our approach can still
be used to develop hierarchical typologies of green spaces by grouping types of UGSs at
higher levels, or breaking them down using qualities of interest (see Swanwick et al., 2003).
This allows UGS types to be defined according to the research objectives, avoiding
ambiguous common names such as ‘green belts’, ‘amenity greenspaces’ and ‘semi-natural
habitats’ as primary stages in the hierarchical typology. That is, other qualities such as access
(e.g. Barbosa et al., 2007) or management (e.g. Andersson et al., 2007) can take precedence if
they are of primary interest to the researcher, while other variables that may confound the
relationship of interest can be acknowledged.
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It is our contention that the variability of greenspaces’ social and especially ecological
qualities are often unacknowledged or inadequately measured, serving as potential
confounding variables in studies that seek to investigate the socio-ecological value of
greenspace. Rather than focusing just on health and wellbeing outcomes (reviewed by
Jorgenson and Gobster (2010)), we incorporate in our review a broader range of measures of
social qualities of UGS (e.g. management) that have been linked with measures of ecological
qualities of UGS to demonstrate an UGS value. To our knowledge, we are the first to propose
a heterarchical typology of UGS qualities.
2.2

Methods

2.2.1 Semi-systematic review process
Our two review questions were answered via a three stage process (Figure 2.2). In Stage 1, a
semi-systematic, three step review process was used, following Jorgensen and Gobster
(2010). In Step 1, we searched peer-reviewed papers published in English using the SCOPUS
database with the pre-defined search query:
TITLE-ABS-KEY (greenspace* OR "greenspace*" OR "open space*") AND TITLEABS-KEY (urban OR cit*) AND TITLE-ABS-KEY (value* OR benefit*) AND TITLEABS-KEY(social) OR TITLE-ABS-KEY (ecolog* OR biodivers* OR environment*))
AND (LIMIT-TO (LANGUAGE, "English")) AND (LIMIT-TO
(DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "re") OR LIMIT-TO (DOCTYPE,"ip") .
This yielded n = 452 articles. In Step 2, we used ‘snowballing’ techniques to identify
n = 17 additional articles by scanning reference lists of retrieved papers from step 1 (n = 12),
locating articles suggested by colleagues and searching Google Scholar (n = 5). In Step 3, n =
469 articles were entered into a spreadsheet and each abstract was read to determine the
article’s suitability for in-depth analysis.
Articles qualified for in-depth analysis if the study met the following criteria:
investigated primarily urban greenspace (i.e., those occurring within city limits where at least
50% of all greenspace sites could be classified as urban); was located in a country classified
as ‘high’ or ‘very high’ development according to the Human Development Index (UNDP,
2013); a link between social and ecological qualities of the UGS was explicitly examined
(i.e., quantitative and/or qualitative data were collected); and, was published before March 1st
2013. We focussed on developed countries because most social-ecological research on UGS
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Stage 1: Scopus review
Review process conducted to inform Qs 1 and 2

3 step semi-systematic review (Jorgensen and Gobster
2010)

Stage 2: Answering Q1
Q1: How have links between social and ecological
qualities of urban greenspace been measured?

Method: Research mapping exercise to detect research
priorities and gaps (Jorgensen and Gobster 2010)

Stage 3: Answering Q2
Q2: What qualities have been used to define urban
greenspace type?

Method: Mixed method content analysis involving
quasi-quantification (Bryman 2008)

Figure 2. 2: Outlining the semi-systematic 4-stage review process.

has been conducted here, and we anticipated a difference in social and ecological values
attributed to UGS in developed versus developing countries.
While systematic reviews that include both developed and developing countries may
be appropriate when investigating only ecological findings (see for example, Magle et al.,
2012; Nielsen et al., 2014), we were mindful that the vastly different social conditions of
urban landscapes in developed and developing countries rendered this inappropriate in
regards to our study. There are numerous examples from the literature where developing and
developed countries are investigated separately in research on greenspace (e.g. Jim and Chen,
2003; Özgüner and Kendle, 2006; Ward et al., 2010; Cilliers et al., 2013). Shackleton and
Blair (2013) argue that the challenges of managing and planning for UGS in developing
countries differ from those of the developed world. Therefore, it seems appropriate to
develop greenspace typologies separately for developed and developing countries. The risk of
combining the two is conflating the results from locations with vastly different socioeconomic conditions, infrastructure, urban planning approaches and population demography.
Given the increasing importance of economic studies for interpreting greenspace
related social-ecological values, papers with a link to economic interpretations of greenspace
such as socio-economic status and ecosystem services, were included in our review.
However, we excluded specific economic valuations (e.g. hedonic or contingent valuation) of
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UGS because they were considered a distinguishable type of social measure outside the scope
of our review. Moreover, some researchers argue that economic valuation approaches (i.e.,
hedonic) may not be accurate and could result in global estimates of greenspace value that are
more a reflection of what people can afford rather than what people desire, which can lead to
poor planning and inappropriate management of greenspaces (Sander and Zhao, 2015).
After applying the above criteria, 50 studies remained for in-depth analysis, hereon
referred to as sample studies (see Appendix A.3 and A.4 for full citations).
2.2.2 Measuring the qualities and values of greenspace (Q1)
To analyse what links have been made between social and ecological qualities of UGS and/or
social-ecological values, we performed a research mapping exercise (Bell et al., 2007;
Jorgensen and Gobster, 2010). This involved assigning codes to each article according to the
types of social and ecological qualities (or values) that researchers collected quantitative
and/or qualitative information on (for a discussion of quantitative and qualitative measures
see Bryman, 2008). We used this information to construct a matrix identifying key research
priorities and gaps, structured around two axes: Taxonomy of UGS social measures; and,
Taxonomy of UGS ecological measures. In this context, ‘measures’ include both qualities and
values.
We adapted Jorgensen and Gobster’s (2010) Taxonomy of greenspace measures (pg.
342) and Taxonomy of human health and wellbeing measures (pg. 343) to code each study
according to the types of qualities and/or values of UGS that researchers measured.
First, we expanded Jorgensen and Gobster’s taxonomy of human health and wellbeing
measures to incorporate four additional measurements of UGS social qualities (i.e.,
‘management’, ‘knowledge’, ‘socio-cultural statistics’ and ‘social inquiries’). Collectively,
this became our Taxonomy of social measures (Table 2.1) used for coding the sample studies.
‘Management’ was added due to the aforementioned direct, or indirect, influence this social
quality may have on links made between psychological outcome metrics reported by UGS
users and measures characterising the ecological qualities of UGS (see section 2.1.3). The
‘knowledge’ category was added to capture measures of how people understand concepts
such as flora, fauna, wildlife and biodiversity (e.g., Yli-Pelkonen, 2006; van Heezik, 2012).
‘Socio-cultural statistics’ was included as a category to capture measures reflecting social
qualities such as demographics (e.g. Barbosa, 2007), socio-economics and cultural
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characteristics of landscapes (e.g. Kinzig et al., 2005). The social inquiry category was
included to reflect studies measuring a broad range of anthropogenic influences on UGS,
such as indicators of human visitation rates (Pacheco and Vasconcelos, 2007) and the
presence of ‘social contagion’ (Hunter and Brown, 2012).
Second, the taxonomy of greenspace measures was modified to include the code
‘ecosystem services’. Whilst this measure relates to many prior mentioned codes, given the
increased focus on ecosystem services, we have assigned studies using these measures their
own code. We also excluded the code ‘none’, as studies making no attempt to measure, vary
or describe UGS characteristics did not meet our review criteria. This became our Taxonomy
of ecological measures (Table 2.2). We classified biophysical qualities (e.g. area, climate) as
ecological qualities as this yielded a more manageable typology.
We also allowed for coding of more than one social or ecological quality or value if
multiple measures, representing different values or qualities, were investigated by the
researcher (see Results).
Table 2. 1: Taxonomy of social measures adapted from Jorgensen and Gobster (2010).
Code
Meaning
Preference
Participants asked to select between UGSs (e.g. rate attractiveness of
different landscape scenes or scenarios, their suitability for a particular
activity).
Attitudes, values,
Spans a range of methodologies from quantitative, where participants
meanings
are asked for their level of agreement with attitudinal statements, to
qualitative where underlying meanings and values are explored.
Psychological
Self-rated or objectively measured psychological health or other
benefits
psychological measure including restoration and affective responses to
landscapes.
Physical health
Self-rated or objectively measured physical health
Behaviour
Behavioural patterns (e.g. types of activities carried out in parks
(reading, eating, walking) or changes (e.g. changed gardening
behaviours).
Management
Spans a range of methodologies that evaluate management outcomes of
UGS such as multi-criteria assessment tools.
Knowledge
Concept of knowledge is evaluated by the researcher; self-report or
objectively measured.
Socio-cultural
Key demographics investigated, or cumulative indices (e.g. sociostatistic
economic status). Includes cultural-historical values.
Social inquiry
Self-rated or objectively measured social phenomenon (e.g. social
contagion).
Notes: Italics indicate an addition to Jorgensen and Gobster’s (2010) taxonomy of social
measures. Measures may represent a quality and/or value, depending on the research
objective.
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2.2.3 Classifying different types of greenspace (Q2)
To evaluate how researchers have classified the different types of UGS(s), we used mixed
method content analysis involving quasi-quantification. We examined the content of our
sample studies to identify how researchers were communicating their definition of UGS. This
informed the development of a Typology of UGS qualities (see Results), which was based on
a series of codes, each representing a quality that researchers used to define UGS. Codes
were developed deductively in broad consultation with the literature prior to in-depth
analysis, and refined inductively throughout the in-depth review process.
We recorded how frequently each code occurred, so that qualitative data could be
presented in a quantitative format, which Bryman (2008) suggests can assist in overcoming
criticisms of anecdotalism often ascribed to qualitative research. Codes were applied in two
Table 2. 2: Taxonomy of ecological measures adapted from Jorgensen and Gobster (2010).
Code
Meaning
Descriptive /
Qualitative description of the greenspace by the research participant
Narrative
(without categorisation). Descriptions/findings stated by research
participants rather than imposed by the researcher.
Inventory
An itemised list, record or report of single or multiple environmental
characteristics (e.g. vegetation, facilities, sound).
Area /
Quantity or proximity of UGS, usually with reference to research
Distance
participant’s homes. Objective measure or self-report.
Biophysical
Presence / quantity of specific landscape elements or interventions with
different landscape outcomes. Covers most physical measures falling short
of biodiversity. Objective and/or self-report. May be inherent in the
stimulus (e.g. photographs of biophysical characteristics) or explicit in the
measure (i.e., directly observed characteristics). Includes measures of
climate, and GIS measures such as the Normalised Difference Vegetation
index and Enhanced Vegetation Index.
Human
Categorisations based on cultural constructs/descriptors/values (e.g. quality
perceptual
of greenspace, naturalness [unless linked to biodiversity indicator],
openness). Landscape types. May be inherent in the stimulus or explicit in
the measure or both. Objective measure or self-reported.
Biodiversity
Measure of plant / animal diversity (or close proxy), or where the concept
of biodiversity is being evaluated.
Ecosystem
Uses various measures to evaluate the concept of ecosystem service
services
provision. Whilst this measure relates to many prior mentioned codes,
given the increased focus on ecosystem services, we have assigned studies
using these measures their own code.
Note: Italics indicate an addition to Jorgensen and Gobster’s (2010) taxonomy of social
measures.
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ways: i) the researcher used a quality to define UGS a priori; and/or ii) the research method
implied a quality that was subsequently used to define UGS in some way. An example of the
former is demonstrated by Andersson et al. (2007) who selected greenspace sites for
comparable ‘physical’ qualities of age and size. A latter example is demonstrated by studies
that used GIS and remote sensing methods to categorise UGS into vegetative communities
such as woodlands, wetland and urban parks, representing a ‘biotic’ quality of the greenspace
(e.g. Richardson et al., 2012).
2.3

Results

2.3.1 Which socio-ecological links were investigated (Q1)
Of the n = 50 papers reviewed, n = 20 made more than one link between social (n = 17)
and/or ecological (n = 3) qualities/values of UGS. That is, researchers collected data on one
or more UGS ecological quality or social quality/value/s grouped using the Taxonomy in
Tables 2.1 and 2.2. For example, measures of psychological health and physical health (both
social values) were linked to a measure of the total area of UGS (ecological quality)
surrounding a participant’s home. Or, measures of species abundance (ecological quality)
were linked to management approach (social quality) and subsequently to the ecosystem
service of food production (a social-ecological value) (Andersson et al., 2007). Therefore, we
recorded a combined total of n = 72 social-ecological links (Table 2.3).
The most common type of measure used to investigate ecological quality of UGS was
human perceptual (n = 19), followed by area/distance (n = 17), biodiversity (n = 15) and
biophysical (n = 8) (Table 2.3). The most common type of measure used to investigate a
social quality of UGS was management (n = 12), and the most frequent type of social value
investigated was psychological wellbeing (n = 16), followed by attitudes, meanings and
values (n = 9).
The two most frequently investigated links between social and ecological
qualities/values were relationships between: i) measures of area/distance of UGS and
measures of value to people’s physical health (n = 7); and, ii) measures of human perceptual
metrics of UGS and measures of value to peoples’ psychological wellbeing (n = 6). Indeed,
contributions to physical health were recorded using only area/distance metrics of UGS.
Links made between UGS management and ecosystem services were also common (n = 4), as
were links between human perceptual and preference(s) and attitudes, meanings and values
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(both n = 4). There were a number of single contributions (n = 13) and research gaps (Table
2.3).
2.3.2 How researchers defined UGS (Q2)
We identified n = 14 qualities used to define the different type(s) of UGS(s) investigated
(Table 2.4). The most frequently used qualities were ‘physical’ (72%), ‘descriptive’ (68%)
and ‘biotic’ (49%), while the least frequently used were ‘governance’ and ‘designation’ (both
8%). The modal number of qualities used to define UGS(s) was n = 3 (30%) and the average
was n = 4.5 (Table 2.5). The majority of studies (74%) used n = 5 or fewer qualities, with
comparatively fewer studies (26%) using n = 6 or more qualities to define UGS. No study
used less than n = 2 qualities, while one used n = 12 (Barthel et al., 2005). The mean number
of qualities used to define UGS also varied according to the type of ecological quality
measured, whereby ecosystem services and biodiversity had the highest (n = 7.3 and 5.3,
respectively), and human perceptual and area/distance recorded the lowest (n = 3.9 and 3.6,
respectively) mean numbers (Table 2.5).
We also assessed the frequency (%) that each type of characteristic was used to define
urban greenspace according to ecological link (n = 53, Table 2.6). Area/distance, human
perceptual, biodiversity and biophysical measures of UGS ecological qualities mapped most
frequently to the use of ‘physical’ (23%), ‘descriptive’ (17%), ‘descriptive/biotic’ (both 15%)
and ‘biotic/abiotic’ qualities (both 8%) to define UGS, respectively (Table 2.6). The qualities
‘governance’ and ‘designation’ were used to define UGS only by studies measuring
greenspace ecology using metrics of ecosystem services, area/distance and biodiversity.
Studies measuring ecological qualities using human perceptual metrics used the quality
‘socio-cultural’ (13%) to define UGS more than studies investigating other ecological
measures, while the other qualities used to define UGS (e.g. ‘planning’) were used more
variably, dependant on the type of ecological quality measured (Table 2.6).
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Table 2. 3: Research mapping exercise – social-ecological link analysis.
Social –
PsychoManageAttitudes, Prefere- Physical
ecological
logical
ment
meanings, nce
Health
link
wellbeing
values
Human
Perceptual

6

1

Area /
distance

3

2

Biodiversity

3

3

2

Biophysical

2

1

1

Inventory

2

1

1

Ecosystem
Services

4
7

Social
Inquiry

3

1

1

1

1

2

3
2

4

Descriptive
/Narrative
Total
(mixed)

4

Behaviour

Knowledge

Sociocultural
statistic

19 (6)

2

3

17 (3)

2

15 (3)

1

8 (2)

1

7 (2)

1

5 (1)

1
16
(1)

12
9
(2)
Frequency: 0

Total
(mixed)

1
7
1-2

7
3-4

7

7

5-6

7-8

2

5

n = 72

Notes: numbers in each cell indicate the number of times a link was made between a particular social quality and a particular ecological quality.
White areas indicate research gaps. Totals columns indicate the total number of papers, with bracketed totals indicating the number of papers
investigating two or more social and/or ecological links. Full citations are listed in Appendix A.3 and A.4.
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Table 2. 4: Typology of social-ecological qualities used by researchers to define UGS.
Identified
Frequency Explanation of each quality used to define UGS
quality
(%)
(n = 14)
(n = 50)
Physical
72
… Ancillary features (e.g. barbeques, benches) and physical
attributes and contextual setting of the UGS (e.g. size, age).
Descriptive
68
… Descriptive terms applied to the UGS by the researcher, or
research participant, usually defined through written
definitions such as “a garden can be defined as….”
Biotic
49
… Biotic characteristic used to define UGS(s). Examples
include habitat types, species populations, or specific aspects
of UGS such as urban trees [forestry]. Includes land cover
used to define UGS based on remote sensing of vegetation
present (e.g. EEV or NDVI tools).
Planning
43
… Land use and planning conceptualisations used to define
concept
UGS types such as: green belts, wedges and/or corridors; and,
urban, rural, suburban classifications, or similar.
Socio38
Presence of socio-cultural elements used as defining qualities
cultural
(e.g. landscape design, landscape narratives, presence of local
stewardship groups, presence of historical socio-cultural
narrative or artefacts).
Access
36
… Accessibility of UGS: public, private, restricted, mixed.
Includes accessible views as well as tangible use of the
greenspace setting.
Management 32
… Management intensity (e.g. intensive, moderate, seminatural, natural) or management responsibility (e.g. public,
private, mixed, partnership).
Ownership
26
… Property rights (e.g., individual user, claimant, proprietor,
owner).
Spatial
19
… Conceptualisation of UGS as an interconnected network of
patches and nodes in an urban mosaic of differing land uses.
Abiotic
19
… Abiotic features (e.g. soil, water bodies, shade, climate).
Recreation
17
… Broad types of recreational use, activity locations,
behavioural mapping etc.,
Temporal
15
… Temporal land use change or history of an UGS site
Land use
investigated (e.g. remnant patch, restored site, mixed, other).
Governance
8
… The action or manner of governing UGS. Refers to all
processes of social organisation and coordination operating at
different hierarchical levels (local, regional, national, global).
Governance can be public, private, mixed (partnership), other.
Designation
8
… Formality of UGS designation i.e., UGS is formally
designated on town plans or exists as informal greenspace
absent from town plans.
Notes: Columns one, two and three indicate respectively: the identified quality; the
frequency of use of a quality across studies selected for in-depth review (n = 50); and, an
explanation of each quality used to define urban greenspace (UGS). EEV = Enhanced
Vegetation Index. NDVI = Normalised Difference Vegetation Index.
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Table 2. 5: Number of qualities used to define the type of urban greenspace according to the ecological measure used (n = 53).
Number of
qualities
used
2
3
4
5
6
7
8
9
10
11
12
Average

Area /
Distance
(n = 13)
2
8
1
1
1

Human
Perceptual
(n = 12)
4
2
1
2
2
1

Biodiversity
(n = 11)

Biophysical
(n = 6)

Inventory
(n = 5)

1
2

2
3
3

Ecosystem
Services
(n = 4)

1

2
1

1

2
1
1

1

Descriptive
(n = 1)

1
1

1

1
2

3.6

3.9
Frequency: 0

5.3
1-2

4
3-4

1
7.3

5.2
5-6

Total
(n = 53)
7
16
5
11
6
3
2
2

1
5

7-8

Note: Shaded numbers are the number of studies in each category (e.g. eight studies used three qualities to define UGS when area/distance was
the measure of interest).
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Table 2. 6: Research mapping exercise showing frequency (%) of type of characteristics used to define urban greenspace according to ecological
link (n = 53).
Ecological
measure

Area /
Distance
(n=14)
Human
Perceptual
(n=12)
Biodiversit
-y (n=11)
Biophysical
(n=6)
Inventory
(n=5)
Ecosystem
Services
(n=4)
Descriptive
(n=1)

Characteristic
Physical
(72%)

Descriptive
(68%)

Biotic
(49%)

Planning
(43%)

Sociocultural
(38%)

Access
(36%)

Manage
-ment
(32%)

Ownership
(26%)

23

13

9

15

2

9

4

4

13

17

11

4

13

6

6

2

13

15

15

13

9

9

8

6

6

8

4

4

4

8

8

4

2

4

8

8

2

6

4

2

2

Frequency:

Spatial
(19%)

Recreation
(17%)

Temporal
land use
(15%)

Governance
(8%)

Designation
(8%)

8

2

2

2

4

4

2

6

6

8

4

8

4

2

2

2

8

2

2

6

6

8

2

2

2

2

8

4

2

4

4

2

2

2

2

2

Abiotic
(19%)

2

0

1-5

6-10
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11-15

16-20

2

21-25

2.4

Discussion

2.4.1 PART A - Research Mapping
2.4.1.1 Objective versus subjective metrics of UGS quality
Our review found that researchers measured the ecological qualities of UGS in very different
ways, often influenced by an apparent disciplinary bias. For example, epidemiology studies
tended to employ area/distance measures to calculate the quantity of, or proximity to, UGS in
a given area using GIS based on remotely sensed data (e.g. Richardson et al., 2012).
Conversely, ecology studies measured UGS qualities using biodiversity measures such as
plant and animal abundance and diversity (Gaston et al., 2005; Kinzig et al., 2005; Bertoncini
et al., 2012; Luck et al., 2012). Environmental psychology studies tended to use subjective
human perceptual measures of ecological quality, involving the categorisation of various
natural features of greenspace into groups such as ‘many plants / flowers’ or ‘rich in species’
(Stigsdotter and Grahn, 2011; Nordh and Østby, 2013); however, there were notable
exceptions where environmental psychology studies used objective measures (e.g. Nordh et
al., 2009). While we acknowledge that any measure a researcher uses has some subjectivity
to it, including the way they choose to sample and how they choose to analyse and interpret
the data, we considered metrics which exclude humans as objective (user-independent) and
those that explicitly include humans as subjective (user-perceived).
The significance of different disciplines using subjective and/or objective measures of
greenspace qualities centres around two questions. First, are objective measures of UGS
qualities that are independent of greenspace users (user-independent) appropriate to reflect
the way a user interprets the nature around them? Second, can subjective, user-perceived (i.e.,
human perceptual) measures adequately represent actual ecological diversity? If not,
ecologically important UGSs could remain underappreciated. For example, a taxonomically
trained ecologist may identify a greater number of plant species in an UGS compared to
untrained park users (see Muratet et al., 2015). This disparity creates uncertainty about which
biodiversity measure should be used (i.e., perceived or actual biodiversity) and subsequently
linked to a measure of social quality (e.g. restorative potential), if the aim is to demonstrate a
specific social-ecological value (e.g. a psychological wellbeing benefit) of the UGS.
Dallimer et al. (2012), building on Fuller et al. (2007), examined user-perceived
versus user-independent measures of species richness relative to psychological wellbeing
benefits conferred on UGS users. Dallimer et al. (2012) suggested both types of measures
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contribute to understanding how different types of biodiversity can deliver psychological
health benefits to UGS users. This suggests that unlocking the values of different types of
greenspace may depend on finding ways to bridge the divide between user-perceived and
user-independent measures of ecological qualities.
2.4.1.2 Identifiable ‘Research Clusters’
We identified ‘research clusters’ (involving similar disciplines) where particular socialecological values were investigated, typically using either an objective or subjective measure
of greenspace ecological quality. The most common measures were area/distance, human
perceptual and biodiversity.
Area / distance measures of UGS ecological quality
One research cluster, public health studies (mainly epidemiology), used area/distance
measures to assess relationships between the total area of, or distance to UGS, relative to
human population health outcomes. This research cluster yielded variable results, especially
when linking area/distance measures to physical health and psychological wellbeing values.
An increased quantity of residential UGS was associated with the following human health
and wellbeing outcomes: reduced (Villeneuve et al., 2012) and increased (Richardson et al.,
2012) mortality rates, increased perceived general health (Maas et al., 2006) and lower selfreported stress (Ward Thompson et al., 2012), while other studies reported no association
between area/distance measures and human health and psychological wellbeing metrics
(Richardson et al., 2010).
There are various explanations for these different results. Firstly, area/distance
measures used the lowest mean number of qualities (n = 3.6) to define UGS type (Table 2.5).
For example, Mitchell and Popham (2007) used two: i) a planning concept (Generalised Land
Use Database that distinguishes greenspace from other land covers such as domestic
buildings, gardens, non-domestic buildings); and ii) a physical description of size calculated
using geographical units. This suggests area/distance metrics may not be sensitive enough to
capture the heterogeneity among greenspace types unless the differences among UGSs are
adequately acknowledged by researchers during site selection – of which we argue land use is
inadequate as it doesn’t necessarily reflect actual land cover.
Secondly, only objective measures of area/distance were used in our sample studies.
Yet, Leslie et al. (2010) demonstrated a significant difference between objective (GIS) and
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subjective (self-reported) measures of UGS area. Objective measures of area/distance using
GIS calculate the quantity of UGS as defined by researchers who usually have no attachment
to the greenspace. Conversely, subjective measures capture a study participant’s perception
of how much UGS exists in their neighbourhood, with a presumable emphasis on spaces that
are known to the study participant or used by them. As a result, study participants may
perceive, and in turn report, benefits only from known and accessible greenspaces.
Disparities between the user-independent and user-perceived area/distance metrics of UGS
could feasibly influence reported physical health and psychological wellbeing values of UGS.
This suggests that objective measures of the area/distance of UGS may overestimate
the total amount of UGS that confers specific health benefits. This would vary depending on
the benefit in question. For example, if the benefit is physical health then participants will
likely only recognise UGSs that they can use for recreation. However, if the benefit is
psychological, there may be UGSs that a participant never ‘uses’ that provide certain
benefits; for example, the pleasing aesthetics of a distant view of nature (Ulrich, 1984).
Hence, deciding on whether to use subjective and/or objective measures of UGS should
consider the types of benefits likely associated with the greenspace. If researchers opt to use
area/distance measures to determine what types of UGS provide the greatest health benefits
to people, we suggest this should involve also developing metrics that incorporate broader
qualitative attributes of greenspace, such as accessibility. For example, remotely sensed
measures could be coupled with ‘ground truthing’ of accessibility assumptions. For instance,
researchers could measure public access paths from aerial maps as an indicator of the level of
access residents have to a given greenspace (see Barbosa et al., 2007).
In terms of improving area/distance metrics of UGS ecological quality, consideration
of how variations in biophysical attributes of greenspace (such as vegetation structure) may
affect relationships between the area/distance of greenspace and physical/psychological
health seems an important line of inquiry. For example, a football oval would likely have a
completely different ecological composition to a remnant patch of bushland/woodland; yet
both may be classified as recreational UGS if using area/distance metrics that are insensitive
to vegetation structure (i.e., land use).
Finally, we suggest two improvements to human health metrics which may provide
clearer answers to the relationship between physical/psychological health outcomes and
provision of greenspace across urban landscapes, measured using area/distance metrics. First,
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we suggest replacing single item psychological scales (e.g. on a scale of 1 to 7 how do you
rate your psychological health?) with robust, multi-item psychological scales (e.g. Hartig et
al., 1997; International Wellbeing Group, 2013). Second, we suggest that innovative metrics
of human physiological stress, such as salivary levels of cortisol (Ward Thompson et al.,
2012), be further investigated.
Human perceptual measures of UGS ecological quality
Human perceptual measures were most frequently used in environmental psychology studies.
Interestingly, environmental psychology is often concerned with the vegetative setting of an
UGS, rather than specific ecological information per se. In this way, nature is defined as “…a
great variety of outdoor settings that have substantial amounts of vegetation. The focus is on
the setting rather than the plants, and on the flora rather than the fauna…” by Kaplan and
Kaplan (1989, pg. 1). Human perceptual measures in many ways evolved from environmental
psychology preference studies which focus on using broader landscape interpretations of a
greenspace’s ecological quality, as opposed to using more specific ecological data, such as
biodiversity indices (see Knecht, 2004). Researchers using human perceptual measures
collected information on the ecological quality of UGS using either cultural constructs,
descriptors or values of UGS broader landscape type, or both.
For example, Gill, Waitt and Head (2009) used the cultural construct of an UGS
classified as ‘ecologically significant’ by a government authority to represent a measure of
ecological quality. Grahn and Stigsdotter (2010) and Stigsdotter and Grahn (2011) used
cultural descriptors consisting of words to identify ecological qualities of greenspace desired
by UGS users (e.g. “one can detect several animals, like birds, insects, etc.”). Beilin and
Hunter (2011) used cultural descriptors to identify the perceived ecological benefits of
community gardening activities identified by UGS users (e.g. ‘habitat provision’).
Özgüner et al. (2012) and Özgüner and Kendle (2006) used both landscape styles and
cultural descriptors. Özgüner et al. (2012) compared perceptions of two distinct landscape
styles – ‘derelict’ versus ‘restored’ greenspace – and further identified, using cultural
descriptors, that users perceived the ecological qualities ‘trees, flowers and greenery’ as the
most preferred post-restoration landscape features. Özgüner and Kendle (2006) used two
distinct landscape styles, ‘naturalistic’ and ‘formal’, to capture and compare differences in the
ecological quality of botanic gardens and endemic woodland. Using cultural descriptors, such
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as ‘specimen trees’, they identified that both landscapes were valued by users who derived
various benefits/values from them.
Such research demonstrates the importance of human perceptual measures of UGS
ecological qualities for understanding how people perceive natural environments, and points
towards integrating ecological data into study designs to corroborate human perceptual
measures with objectively measured UGS ecological quality. Doing so can, for example,
increase the plausibility of associating objectively specifiable ecological characteristics of
greenspace with psychological outcome metrics reported by UGS users (Chapter 4).
Biodiversity measures of UGS ecological quality
Biodiversity measures of ecological quality of UGS clearly differed from human perceptual
measures. For example, two studies measured variations in plant and avian diversity, which
were then linked to variations in the socio-economic and cultural characteristics of a large
urban city (Kinzig et al., 2005) and regional towns (Luck et al., 2011). Both studies identified
a positive association between particular social variables (e.g. income level) and species
richness.
One cluster of studies linked biodiversity metrics (e.g. species richness/abundance) in
their respective UGSs to particular social qualities (e.g. management, social inquiry). For
example, low levels of pesticide application and high human visitation rates were
management practices negatively associated with high floristic diversity of urban lawns
(Bertoncini et al., 2012), while increased avian density was linked to domestic garden
management practices favouring the retention of thick vegetation (Wilkinson, 2006). These
studies highlight that associations between how people use or value UGS, their attitudes
towards greenspace, and how it is managed, can have measurable impacts on the respective
plant and animal communities within the greenspace.
Another cluster of cross disciplinary research linked biodiversity measures of
ecological quality to metrics of psychological wellbeing. For example, Fuller et al. (2007)
demonstrated that objectively measured species richness was positively associated with selfreported psychological wellbeing of UGS users. Conversely, Dallimer et al. (2012) found that
objectively measured species richness was negatively, and perceived species richness
(subjectively measured) was positively, associated with psychological wellbeing. Luck et al.
(2011) found that demographic variables such as age were more strongly associated with
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metrics of wellbeing than ecological variables (e.g. bird species richness) and argued that
these demographic variables need to be accounted for before links between ecological
variables and wellbeing were assessed.
Environmental psychology studies, using human perceptual measures of ecological
quality, have laid invaluable groundwork for cross disciplinary teams to further investigate
relationships between ‘human–nature’ (social-ecological) interactions. For example, given
the presence of ‘flowering plants’ in a greenspace has been strongly associated with
restoration likelihood (Nordh et al., 2009), future research using ecological lines of inquiry
can begin to investigate what species assemblages of flowers and plants are most desirable.
These relationships can potentially be further explored using ecological trait information (e.g.
size/colour of flowers/foliage).
Kendal et al. (2012) used ecological plant trait information to demonstrate a
significant relationship between plants grown in domestic gardens and objectively measured
preference for aesthetic (flower size, leaf width, foliage colour) and non-visual (‘nativeness’,
drought tolerance) plant traits. This suggests that a person’s preference for particular plant
traits can influence the biodiversity of domestic gardens. While we did not review any work
linking plant traits to psychological wellbeing, exploring this relationship will likely involve
developing metrics that capture how UGS users interpret the landscape around them. That is,
greenspace users may not be responding to a metric of species richness, but rather be
responding to other characteristics of landscapes that can be measured through continuous or
categorical biophysical metrics (e.g. variance of foliage size or the number of different flower
colours in a greenspace).
2.4.2 PART B – Typology of greenspace qualities
2.4.2.1 Content analysis
In an effort to elucidate how researchers defined UGS type, we developed a classification
system for organising greenspaces based on n = 14 social and ecological qualities used in our
sample studies (Table 2.4). We propose that by using this typology, researchers investigating
the social-ecological values of greenspace can more effectively communicate what types of
UGS are being investigated.
Our typology is likely to be most useful at the site selection stage of a research project
and increase transparency when researchers communicate results for the particular types of
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greenspace investigated. Table 2.4 illustrates the type of information researchers could
include on the greenspaces they investigate – for example, are they privately owned? Are
they publicly accessible? Do they have water views? Consequently, our typology may help to
identify relationships between greenspace qualities, representing potentially confounding
variables that are often overlooked. For example, the qualities ‘access’ (Barbosa et al., 2007)
or ‘biotic’ (Fuller et al., 2007; Dallimer et al., 2012) may influence the relationship between
the amount of UGS in cities and conferred physical and/or psychological health benefits, yet
are qualities often not considered by researchers. Further, greenspaces associated with blue
spaces (e.g. ocean, ponds, lakes and other water views) have been associated with higher
preference ratings and potential for wellbeing benefits (White et al., 2010) – an ‘abiotic’
quality rarely considered by researchers. To compile information on the benefits of different
types of UGS, first we need a way of identifying the heterogeneity between different UGS
types. This is what the typology of UGS qualities we present in Table 2.4 provides (see also
Appendix A.2).
2.4.2.2 Individual typology qualities
Studies using area/distance metrics of ecological quality rarely considered the quality
‘access’ (9% of all studies assessed) comparatively with ‘physical’ (23%) and ‘planning’
(15%) qualities, while studies using human perceptual measures rarely considered ‘biotic’
qualities (11%) to define UGS comparatively with ‘descriptive’ (17%), ‘physical’ and ‘sociocultural’ (both 13%) qualities (Table 2.6). We suggest that to further understanding of the
relationship between selected ecological and social metrics, future research should consider
social and ecological qualities identified in Table 2.4 in regard to how they may influence
reported outcomes.
Physical and descriptive qualities were most commonly used to describe UGSs, at
72% and 68%, respectively. Physical qualities were used to, for example, represent the size of
a greenspace, percent cover of greenspace in a given area, or referred to ancillary features
present (e.g. toilets). Descriptive qualities involved expressive terms being applied by the
researcher to define a greenspace. For example, “community gardens are organised
initiatives whereby sections of land are used to produce food and flowers” (Beilin and
Hunter, 2011, pg. 1). Given UGS research has largely evolved in the absence of a
multidisciplinary typology of greenspace qualities, and that physical and descriptive qualities
are often convenient (e.g. easily obtained), it is not surprising these were the most frequently
used qualities.
94

UGSs can be composed of a wide variety of different kinds, shapes and sizes of trees,
shrubs and grasses, which in turn support varying animal assemblages. By even basic
definitions, UGS is defined as ‘containing vegetation’, therefore it would be expected that all
studies would acknowledge at least the vegetation (‘biotic’ quality) and possibly the fauna
assemblages supported. However, biotic qualities were used by less than half of all studies.
This supports Jorgensen and Gobster’s (2010) conclusion that ecological qualities of
greenspace are often under-acknowledged. Examples of biotic qualities used to define UGS
included the presence of native vegetation (Pacheco and Vasconcelos, 2007), trees specified
as the focus of the study rather than groundcover (Summit and McPherson, 1998), and
selecting greenspaces that varied along a gradient of biodiversity (Dallimer et al., 2012).
Studies investigating the biotic qualities of UGS and health and wellbeing outcomes (Fuller
et al., 2007; Luck, et al., 2011; Dallimer et al., 2012), or UGS management relative to the
generation of ecosystem services (Barthel et al., 2005; Colding et al., 2006; Andersson et al.,
2007), appear to be fruitful lines of scientific inquiry that are gaining increased attention.
‘Planning concepts’ were commonly used (43%) in the form of ambiguous planning
terminologies (such as “green belts” or “green wedges”), which more represented dominant
approaches to planning rather than reflecting qualities of UGS per se. Planning concepts
seemed to be important qualities of greenspace for researchers to highlight statutory planning
goals and mechanisms, referring to issues such as permitted and prohibited uses and long
term management objectives. There is the possibility that important data may be omitted if
certain types of UGS are not formally recognised by planning documents, tools or
terminologies (e.g. if allotments or community gardens are not recognised by planning
departments as sites of passive recreation, as municipal parks and gardens are).
‘Socio-cultural’ qualities (inclusive of cultural-historical values) were used by 38% of
researchers to define UGS, and represented the use of anthropogenic influences or elements
to define greenspace; for example, the presence of local stewardship groups (Andersson et al.,
2007) or other human influences like motivations, preference, socio-economic status,
narratives or attitudes (Summit and McPherson, 1998; Kinzig et al., 2005; Kendal et al.,
2012; van Heezik et al., 2012). Current research suggests understanding what socialecological values people obtain from UGS is complex, given the values people assign to
greenspace can differ according to how users perceive the structure, function and uses of the
space (Gobster, 2001).
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Because people value UGS in different ways, it is not surprising the findings of
studies can be contentious. For example, people can value wild and unmanaged greenspace,
expressing no desire for management upgrades (Skeggs, 1999); while in other cases they can
value greenspaces more when restored from a previously derelict state (Özgüner et al., 2012).
This suggests that the socio-cultural qualities of greenspace are not homogeneous, or fixed.
We suggest that because broad societal attitudes can change over time – as can the
assemblages of plants and animals, social atmosphere and physical infrastructure that
collectively comprise a greenspace – determining the socio-cultural value/quality of UGS
will always be ‘a moving target’ (Doick et al., 2009).
‘Access’ was identified as a relatively underutilised quality to define UGS (36%),
suggesting researchers may presume access to a greenspace simply because it exists.
Significant variation in access is reported across different sectors of society, benefiting higher
(Koohsari, 2011) and lower (Barbosa et al., 2007) socio-economic status groups in different
cities. Hence, determining whether greenspaces are publicly or privately accessible may be
important when measuring the social-ecological values of UGS conferred to residents.
The remaining characteristics were used by 30% or fewer studies. ‘Management’
(32%) was used to define UGSs by either the levels of management intensity (e.g. frequently
mown) or management type (e.g. private/public). ‘Ownership’, used by 26% of studies,
emerged as an important quality of UGS that refers to property rights. For example,
acknowledging who owns a greenspace may be important in understanding how to improve
the generation of social-ecological values; for example, improved biodiversity in private
domestic gardens (Gaston et al., 2005). ‘Spatial’ qualities, used by 19% of studies,
acknowledged an UGS’s setting within a larger urban landscape, composed of an
interconnected network of nodes and patches of different land use and cover (e.g. Gaston et
al., 2005). The spatial positioning of a greenspace within the wider urban landscape (see for
example Koohsari, 2011) is an important consideration for understanding how it’s positioning
might affect other ecological or social qualities.
‘Abiotic’ qualities, also used by 19% of studies, refer to features of UGS such as
noise levels (Gidlöf-Gunnarsson and Öhrström, 2007), presence of water (Colding et al.,
2006) and shade (Bertoncini et al., 2012). Given noise (Gidlöf-Gunnarsson and Öhrström,
2007) and water (White et al., 2010) have been postulated to influence psychological
responses to nature such as preference affect (Ulrich, 1983), these seem important qualities of
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greenspace to consider as potentially confounding variables when investigating relationships
between human physical health or psychological wellbeing outcomes and particular
ecological metrics of UGS ecological quality (e.g. species richness).
Defining greenspaces according to the quality ‘recreation’ (17%) involved
acknowledging the anthropogenic use of UGS and recognising the presence or absence (Gill
et al., 2009) of recreation types (e.g. passive versus active recreation). ‘Temporal’ qualities
were used by 15% of studies to acknowledge the temporally dynamic nature of greenspace
and recognised that the current state of a greenspace may be the product of significant
changes in land use over time. Past land use may influence current ecological qualities (such
as what species are present) and social qualities of a greenspace (e.g. how people ascribe
value to a landscape; Gobster, 2001), and is an important consideration when investigating
what qualities generate social and ecological values.
‘Designation’, a quality occurring in 8% of studies, was used to dichotomise UGS into
formally or informally recognised greenspaces on town plans. For example, municipal city
parks are usually ‘formally designated greenspaces’, whereas institutional grounds (e.g.
university grounds and cemeteries) usually are not. This seems an important quality of UGS
to consider given predicted urban population growth will increase pressure on greenspace
networks, likely resulting in more dependence on informal UGSs that exist outside of
formally recognised networks (Fuller and Gaston, 2009). ‘Governance’, also used by 8% of
studies, referred to how rules and regulations concerning a greenspace are produced,
sustained and regulated; occurring through informal local stewardship (Barthel et al., 2005)
or regulated by more official governing bodies such as councils (Gill et al., 2009).
Governance has clear links to other qualities like management and access, and while
relatively underutilised, appear an important consideration of greenspace quality.
Urban Ecology is an emerging discipline which aims to understand not only the biophysical features of urban landscapes but also the built and social components; however the
discipline lacks a theory (Pickett et al., 2008). We have attempted to provide an integrated
bio-physical-social typology of UGS qualities in an attempt to further bridge the gap between
ecological and sociological views of UGS. In doing so, we hope to contribute to emerging
theories of urban ecology in the form of a framework for conceptualising the
interrelationships between social and ecological qualities of UGSs (Mugerauer, 2010; Table
2.4; Figure 2.1).
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2.5

Conclusions

Our research mapping exercise identified that UGS attracts the attention of various
disciplines and serves as a platform for delivering a wide array of social-ecological benefits
that contribute positively to urban residents and urban nature. We hope our review can assist
future researchers to understand that how the ecology of UGS is measured is an important
consideration when investigating, planning and managing greenspace’s contribution to
healthy people and healthy cities.
We believe our typology of UGS qualities can contribute to understanding how
complex interactions between social and ecological qualities yield social-ecological values,
by helping to identify the mechanisms that underpin and influence the generation of these
values. We suggest particular qualities of UGS identified in our typology may act as variables
that mediate, moderate or confound relationships when investigating how social-ecological
values are generated. This has important ramifications for planning and management of UGS
in urban landscapes, as indicators of the social-ecological values of UGS come from research,
and researchers can now better identify the variability of different UGS types.
Our typology of UGS qualities suggests that greenspaces are complex,
multidimensional landscapes that vary spatially and temporally as a function of the inherent
qualities they possess. In turn, understanding how social-ecological values are generated by
greenspaces will involve more than just studying interactions between two isolated qualities.
Our results confirm that the variability of social and ecological qualities of UGS lacks
widespread recognition in research fields, given 72% of studies used five or fewer qualities
to define greenspace, and physical and descriptive qualities were the most commonly used.
We anticipate our typology can help academics, policy and decision makers and various
stakeholders to acknowledge the range of qualities that collectively determine how
heterogeneous UGS is, and can help to clarify how different types of UGS can be defined and
conceptualised. Given the goal of much research into greenspace is to ascertain the values
that these spaces contribute to urban society, it’s important to understand the social and
ecological qualities that provide conditions for these values to be generated. This will involve
controlling for confounding variables (either in the experimental design or statistically),
which may be missed when certain qualities of UGS are not acknowledged.
We hope that by future studies adopting, adapting, contributing to, and thereby
improving our typology, we can increase transparency and advance our understanding of this
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multidisciplinary research area. With the ultimate goal to understand what types of UGS
confer the greatest benefits to society, this is the first typology we know of that is compiled
based on the qualities of greenspaces as opposed to the types of greenspaces (see Swanwick,
2009). We believe this typology can provide a platform for future research and a framework
for researchers, local governments and stakeholders to understand, plan and manage the
complex nature of UGS more effectively.

REFERENCES
Abraham, A., Sommerhalder, K., Abel, T. (2010). Landscape and well-being: a scoping
study on the health-promoting impact of outdoor environments. International Journal
of Public Health, 55(1), 59-69. https://doi.org/10.1007/s00038-009-0069-z
Andersson, E., Barthel, S., Ahrne, K. (2007). Measuring social-ecological dynamics behind
the generation of ecosystem services. Ecological Applications, 17(5), 1267-1278.
https://doi.org/10.1890/06-1116.1
Barbosa, O., Tratalos, J, A., Armsworth, P, R., Davies, R, G., Fuller, R, A., Johnson, P.,
Gaston, K, J. (2007). Who benefits from access to green space? A case study from
Sheffield, UK. Landscape and Urban Planning, 83(2–3), 187-195.
https://doi.org/10.1016/j.landurbplan.2007.04.004
Barthel, S., Colding, J., Elmqvist, T., Folke, C. (2005). History and local management of
a biodiversity-rich, urban cultural landscape. Ecology and Society, 10(2),10.
http://www.ecologyandsociety.org/vol10/iss2/art10/
Beilin, R., Hunter, A. (2011). Co-constructing the sustainable city: how indicators help us
“grow” more than just food in community gardens. Local Environment, 16(6), 523538. https://doi.org/10.1080/13549839.2011.555393
Bell, S., Montarzino, A., Travlou, P. (2007). Mapping research priorities for green and
public urban space in the UK. Urban Forestry & Urban Greening, 6(2), 103-115.
https://doi.org/10.1016/j.ufug.2007.03.005
Berkes, F., Colding, J., Folke, C. (2003) Introduction. In: Berkes, F., Colding, J., Folke, C.
(Eds). Navigating social-ecological systems: Building resilience for complexity and
change. Cambridge University Press, Cambridge, UK. Retreived online
http://assets.cambridge.org/052181/5924/sample/0521815924ws.pdf
Bertoncini, A, P., Machon, N., Pavoine, S., Muratet, A. (2012). Local gardening practices
shape urban lawn floristic communities. Landscape and Urban Planning, 105(1–2),
53-61. https://doi.org/10.1016/j.landurbplan.2011.11.017
Bowler, D, E., Buyung-Ali, L, M., Knight, T, M., Pullin, A, S. (2010). A systematic review
of evidence for the added benefits to health of exposure to natural environments.
BMC Public Health, 10:456. https://doi.org/10.1186/1471-2458-10-456
Brady, R, F., Tobias, T., Eagles, P, F, J., Ohrner, R., Micak, J., Veale, B., Dorney, R, S.
(1979). A typology for the urban ecosystem and its relationship to larger
biogeographical landscape units. Urban Ecology, 4(1), 11-28.
https://doi.org/10.1016/0304-4009(79)90020-2
Bratman, G, N., Hamilton, J, P., Daily, G, C. (2012). The impacts of nature experience on
human cognitive function and mental health. Annals of the New York Academy of
Sciences, 1249, 118-136. https://doi.org/10.1111/j.1749-6632.2011.06400.x
99

Bruni, C, M., Fraser, J., Schultz, P, W. (2008). The value of zoo experiences for connecting
people with nature. Visitor Studies, 11(2), 139-150.
https://doi.org/10.1080/10645570802355489
Bryman, A. (2008). Social Research Methods (3rd ed.). New York: Oxford University Press.
Cameron, R, W, F., Blanuša, T., Taylor, J, E., Salisbury, A., Halstead, A, J., Henricot, B.,
Thompson, K. (2012). The domestic garden – Its contribution to urban green
infrastructure. Urban Forestry & Urban Greening, 11(2), 129-137.
https://doi.org/10.1016/j.ufug.2012.01.002
Carrus, G., Scopelliti, M., Lafortezza, R., Colangelo, G., Ferrini, F., Salbitano, F., . . . Sanesi,
G. (2015). Go greener, feel better? The positive effects of biodiversity on the wellbeing of individuals visiting urban and peri-urban green areas. Landscape and Urban
Planning, 134, 221-228. http://dx.doi.org/10.1016/j.landurbplan.2014.10.022
Cilliers, S., Cilliers, J., Lubbe, R., Siebert, S. (2013). Ecosystem services of urban green
spaces in African countries – perspectives and challenges. Urban Ecosystems, 16(4),
681-702. https://doi.org/10.1007/s11252-012-0254-3
Colding, J., Lundberg, J., Folke, C. (2006). Incorporating green-area user groups in urban
ecosystem management. Ambio: a journal of the human environment, 35(5), 237-244.
https://doi.org/10.1579/05-A-098R.1
Dallimer, M., Tang, Z., Bibbly, P, R., Brindely, P., Gaston, K, J., Davies, Z, G. (2011).
Temporal changes in greenspace in a highly urbanized region. Biology Letters, 7(5),
763-766. https://doi.org/10.1098/rsbl.2011.0025
Dallimer, M., Irvine, K, N., Skinner, A, M, J., Davies, Z, J., Rouquette, J, R., Maltby, L, L., .
. . Gaston, K, J. (2012). Biodiversity and the feel-good factor: Understanding
associations between self-reported human well-being and species richness.
BioScience, 62(1), 47-55. https://doi.org/10.1525/bio.2012.62.1.9
Doick, K, J., Sellers, G., Castan-Broto, V., Silverthorne, T. (2009). Understanding success in
the context of brownfield greening projects: The requirement for outcome evaluation
in urban greenspace success assessment. Urban Forestry & Urban Greening, 8(3),
163-178. https://doi.org/10.1016/j.ufug.2009.05.002
Freeman, C., Buck, O. (2003). Development of an ecological mapping methodology for
urban areas in New Zealand. Landscape and Urban Planning, 63(3), 161-173.
https://doi.org/10.1016/s0169-2046(02)00188-3
Fuller, R, A., Irvine, K, N., Devine-Wright, P., Warren, P, H., Gaston, K, J. (2007).
Psychological benefits of greenspace increase with biodiversity. Biology Letters, 3(4),
390-394. https://doi.org/10.1098/rsbl.2007.0149
Fuller, R, A., Gaston, K, J. (2009). The scaling of green space coverage in European cities.
Biology Letters, 5(3), 352-355. https://doi.org/10.1098/rsbl.2009.0010
Gaston, K, J., Smith, R, M., Thompson, K., Warren, P, H. (2005). Urban domestic gardens
(II): Experimental tests of methods for increasing biodiversity. Biodiversity and
Conservation, 14, 3327-3349. https://doi.org/10.1007/s10531-004-6066-x
Gidlöf-Gunnarsson, A., Öhrström, E. (2007). Noise and well-being in urban residential
environments: The potential role of perceived availability to nearby green areas.
Landscape and Urban Planning, 83(2–3), 115-126.
https://doi.org/10.1016/j.landurbplan.2007.03.003
Gill, N., Waitt, G., Head, L. (2009). Local engagements with urban bushland: Moving
beyond bounded practice for urban biodiversity management. Landscape and Urban
Planning, 93(3–4), 184-193. https://doi.org/10.1016/j.landurbplan.2009.07.004
Gobster, P, H. (2001). Visions of nature: conflict and compatibility in urban park restoration.
Landscape and Urban Planning, 56(1–2), 35-51. https://doi.org/10.1016/S01692046(01)00164-5
100

Grahn, P., Stigsdotter, U, K. (2010). The relation between perceived sensory dimensions of
urban green space and stress restoration. Landscape and Urban Planning, 94(3–4),
264-275. http://dx.doi.org/10.1016/j.landurbplan.2009.10.012
Guitart, D., Pickering, C., Byrne, J. (2012). Past results and future directions in urban
community gardens research. Urban Forestry and Urban Greening, 11(4), 364-373.
https://doi.org/10.1016/j.ufug.2012.06.007
Haq, S. (2011). Urban green spaces and an integrative approach to sustainable environment.
Journal of Environmental Protection, 2(5), 601-608.
https://doi.org/10.4236/jep.2011.25069
Hartig, T., Korpela, K., Evans, G. W., Gärling, T. (1997). A measure of restorative quality in
environments. Scandinavian Housing and Planning Research, 14(4), 175-194.
https://doi.org/10.1080/02815739708730435
International Wellbeing Group (2013). Personal Wellbeing Index: 5th Edition. Melbourne:
Australian Centre on Quality of Life, Deakin University. Retrieved from
http://www.acqol.com.au/instruments
Jim, C, Y., Chen, S, S. (2003). Comprehensive greenspace planning based on landscape
ecology principles in compact Nanjing city, China. Landscape and Urban Planning,
65(3), 95-116. https://doi.org/10.1016/S0169-2046(02)00244-X
Jim, C, Y., Chen, W, Y. (2006). Perception and attitude of residents toward urban green
spaces in guangzhou (China). Environmental Management, 38(3), 338-349.
https://doi.org/10.1007/s00267-005-0166-6
Jorgensen, A., Hitchmough, J., Calvert, T. (2002). Woodland spaces and edges: their impact
on perception of safety and preference. Landscape and Urban Planning, 60(3), 135150. http://dx.doi.org/10.1016/S0169-2046(02)00052-X
Jorgensen, A., Gobster, P, H. (2010). Shades of green: measuring the ecology of urban
green space in the context of human health and well-being. Nature and Culture, 5(3),
338-363. https://doi.org/10.3167/nc.2010.050307
Kaplan, R., Kaplan, S. (1989). The experience of nature. New York: Cambridge University
Press.
Kaplan, S. (1995). The restorative benefits of nature: toward an integrative framework.
Journal of Environmental Psychology, 15(3), 169-182. https://doi.org/10.1016/02724944(95)90001-2
Kendal, D., Williams, K, J, H., Williams, N, S, G. (2012). Plant traits link people's plant
preferences to the composition of their gardens. Landscape and Urban Planning,
105(1–2), 34-42. http://dx.doi.org/10.1016/j.landurbplan.2011.11.023
Kendal, D., Ford, R, M., Anderson, N, M., Farrar, A. (2015). The VALS: A new tool to
measure people's general valued attributes of landscapes. Journal of Environmental
Management, 163(1), 224-233. https://doi.org/10.1016/j.jenvman.2015.08.017
Keniger, L, E., Gaston, K, J., Irvine, K, N., Fuller, R, A. (2013). What are the benefits of
interacting with nature? International Journal of Environmental Research and Public
Health, 10(3), 913-935. https://doi.org/10.3390/ijerph10030913
Kinzig, A, P., Warren, P., Martin, C., Hope, D., Katti, M. (2005). The effects of human
socioeconomic status and cultural characteristics on urban patterns of biodiversity.
Ecology and Society, 10(1), 23. http://www.ecologyandsociety.org/vol10/iss1/art23/
Knecht, C. (2004). Urban nature and well-being: Some empirical support and design
implications. Berkeley Planning Journal, 17(1). Retrieved from
https://escholarship.org/uc/item/39c3w69p
Konijnendijk, C, C., Annerstedt, M., Nielsen, A, B., Maruthaveeran, S. (2013). Benefits of
Urban Parks: A systematic review. A Report for IFPRA. The International Federation

101

of Parks and Recreation Administration (IFPRA). Retreived from:
http://www.worldurbanparks.org/images/Newsletters/IfpraBenefitsOfUrbanParks.pdf
Koohsari, M. (2011). Access to public open sapce: is distribution equitable across different
socio-economic areas. Journal of Urban and Environmental Engineering, 5(2), 67-72.
www.jstor.org/stable/26203358.
Lee, A, C, K., Maheswaran, R. (2011). The health benefits of urban green spaces: a review of
the evidence. Journal of Public Health, 33(2), 212-222.
https://doi.org/10.1093/pubmed/fdq068
Leslie, E., Sugiyama, T., Ierodiaconou, D., Kremer, P. (2010). Perceived and objectively
measured greenness of neighbourhoods: Are they measuring the same thing?
Landscape and Urban Planning, 95(1–2), 28-33.
https://doi.org/10.1016/j.landurbplan.2009.11.002
Luck, G, W., Smallbone, L, T., O’Brien, R. (2009). Socio-economics and vegetation change
in urban ecosystems: Patterns in space and time. Ecosystems, 12, 604-620.
https://doi.org/10.1007/s10021-009-9244-6
Luck, G, W., Davidson, P., Boxall, D., Smallbone, L. (2011). Relations between urban bird
and plant communities and human well-being and connection to nature. Conservation
Biology, 25(4), 816-826. https://doi.org/10.1111/j.1523-1739.2011.01685.x
Luck, G, W., Smallbone, L, T., Sheffield, K, J. (2012). Environmental and socio-economic
factors related to urban bird communities. Austral Ecology, 38(1), 111-120.
https://doi.org/10.1111/j.1442-9993.2012.02383.x
Maas, J., Verheij, R, A., Groenewegen, P, P., de Vries, S., Spreeuwenberg, P. (2006). Green
space, urbanity, and health: how strong is the relation? Journal of Epidemiology and
Community Health, 60(7), 587-592. https://doi.org/10.1136/jech.2005.043125
Maccoby, M. (2000). The human side: creating network competence. Research Technology
Management, 43(3), 59-60. https://doiorg.ezproxy.csu.edu.au/10.1080/08956308.2000.11671359
Magle, S, B., Hunt, V, M., Vernon, M., Crooks, K, R. (2012). Urban wildlife research: Past,
present, and future. Biological Conservation, 155, 23-32.
https://doi.org/10.1016/j.biocon.2012.06.018
Mitchell, R., Popham, F. (2007). Greenspace, urbanity and health: relationships in England.
Journal of Epidemiology and Community Health, 61(8), 681-683.
http://dx.doi.org/10.1136/jech.2006.053553
Mugerauer, R. (2010). Toward a theory of integrated urban ecology: complementing pickett
et al. Ecology and Society, 15(4), 31.
http://www.ecologyandsociety.org/vol15/iss4/art31/
Muratet, A., Pellegrini, P., Dufour, A-B., Arrif, T., Chiron, F. (2015). Perception and
knowledge of plant diversity among urban park users. Landscape and Urban
Planning, 137, 95-106. http://dx.doi.org/10.1016/j.landurbplan.2015.01.003
Nielsen, A, B., van den Bosch, M., Maruthaveeran, S., van den Bosch, C. (2014). Species
richness in urban parks and its drivers: A review of empirical evidence. Urban
Ecosystems, 17(1), 305-327. https://doi.org/10.1007/s11252-013-0316-1
Nordh, H., Hartig, T., Hagerhall, C. M., Fry, G. (2009). Components of small urban parks
that predict the possibility for restoration. Urban Forestry & Urban Greening, 8(4),
225-235. https://doi.org/10.1016/j.ufug.2009.06.003
Nordh, H., Østby, K. (2013). Pocket parks for people – A study of park design and use.
Urban Forestry & Urban Greening, 12(1), 12-17.
https://doi.org/10.1016/j.ufug.2012.11.003

102

Özgüner, H., Kendle, A, D. (2006). Public attitudes towards naturalistic versus designed
landscapes in the city of Sheffield (UK). Landscape and Urban Planning, 74(2), 139157. https://doi.org/10.1016/j.landurbplan.2004.10.003
Özgüner, H., Eraslan, Ş., Yilmaz, S. (2012). Public perception of landscape restoration along
a degraded urban streamside. Land Degradation & Development, 23(1), 24-33.
https://doi.org/10.1002/ldr.1043
Pacheco, R., Vasconcelos, H, L. (2007). Invertebrate conservation in urban areas: Ants in the
Brazilian Cerrado. Landscape and Urban Planning, 81(3), 193-199.
https://doi.org/10.1016/j.landurbplan.2006.11.004
Pickett, S, T, A., Cadenasso, M, L., Grove, J, M., Groffman, P, M., Band, L, E., Boone, C,
G., . . . Wilson, M, A. (2008). Beyond urban legends: an emerging framework of
urban ecology, as illustrated by the baltimore ecosystem study. BioScience, 58(2),
139-150. https://doi.org/10.1641/B580208
Qin, J., Zhou, X., Sun, C., Leng, H., Lian, Z. (2013). Influence of green spaces on
environmental satisfaction and physiological status of urban residents. Urban
Forestry & Urban Greening, 12(4), 490-497.
http://dx.doi.org/10.1016/j.ufug.2013.05.005
Richardson, E., Pearce, J., Mitchell, R., Day, P., Kingham, S. (2010). The association
between green space and cause-specific mortality in urban New Zealand: an
ecological analysis of green space utility. BMC Public Health, 10(1), 240.
https://doi.org/10.1186/1471-2458-10-240
Richardson, E, A., Mitchell, R., Hartig, T., de Vries, S., Astell-Burt, T., Frumkin, H. (2012).
Green cities and health: A question of scale? Journal of Epidemiology and
Community Health, 66, 160-165. http://dx.doi.org/10.1136/jech.2011.137240
Sander, H, A., Zhao, C. (2015). Urban green and blue: Who values what and where? Land
Use Policy, 42, 194-209. http://dx.doi.org/10.1016/j.landusepol.2014.07.021
Shackleton, C, M., Blair, A. (2013). Perceptions and use of public green space is influenced
by its relative abundance in two small towns in South Africa. Landscape and Urban
Planning, 113, 104-112. http://dx.doi.org/10.1016/j.landurbplan.2013.01.011
Skeggs, S. (1999). Various botanical and social factors and thier effects on an urban
woodland in Reading, Berkshire. Arboricultural Journal, 23(3), 209-231.
https://doi.org/10.1080/03071375.1999.9747242
Smardon, R, C. (1988). Perception and aesthetics of the urban environment: Review of the
role of vegetation. Landscape and Urban Planning, 15(1–2), 85-106.
https://doi.org/10.1016/0169-2046(88)90018-7
Stigsdotter, U, K., Grahn, P. (2011). Stressed individuals’ preferences for activities and
environmental characteristics in green spaces. Urban Forestry & Urban Greening,
10(4), 295-304. http://dx.doi.org/10.1016/j.ufug.2011.07.001
Summit, J., McPherson, E, G. (1998). Residential tree planting and care: A study of attitudes
and behavior in Sacramento, California. Arboriculture & Urban Forestry, 24(2), 8997. Retrieved from http://joa.isaarbor.com/request.asp?JournalID=1&ArticleID=2795&Type=2
Swanwick, C., Dunnett, N., Woolley, H. (2003). Nature, role and value of green space in
towns and cities: an overview. Built Environment, 29(2), 94-106. Retrieved from
http://www.jstor.org/stable/23288809
Swanwick, C. (2009). Society's attitudes to and preferences for land and landscape. Land Use
Policy, 26(Supplement 1), S62-S75. https://doi.org/10.1016/j.landusepol.2009.08.025
Ulrich, R, S. (1983). Aesthetic and affective response to natural environment. In: Altman, I.,
Wohlwill, J, F. (eds). Behaviour and the Natural Environment. Human Behaviour and

103

Environment (Advances in Theory and Research, Volume 6), Springer, Boston, MA.
https://doi.org/10.1007/978-1-4613-3539-9_4
Ulrich, R, S., (1984). View through a window may influence recovery from surgery. Science,
224(4647), 420-421. http://dx.doi.org/10.1126/science.6143402
UNDP (2013). Human Development Index (HDI). Human Development Reports, United
Nations Development programme. Retrieved from
http://hdr.undp.org/en/indicators/137506
Urban Greenspaces Taskforce. (2002). Green spaces, better places: final report of the urban
green spaces taskforce. Department for Transport, Local Government and the
Regions, London, UK.
van Heezik, Y, M., Dickinson, K, J, M., Freeman, C. (2012). Closing the gap:
Communicating to change gardening practices in support of native biodiversity in
urban private gardens. Ecology and Society, 17(1), 34. http://dx.doi.org/10.5751/ES04712-170134
Villeneuve, P, J., Jerrett, M., Su, J, G., Burnett, R, T., Chen, H., Wheeler, A, J., Goldberg, M,
S. (2012). A cohort study relating urban green space with mortality in Ontario,
Canada. Environmental Research, 115, 51-58.
https://doi.org/10.1016/j.envres.2012.03.003
Wang, H., Qiu, J., Breuste, J., Ross Friedman, C., Zhou, W., Wang, X. (2013). Variations of
urban greenness across urban structural units in Beijing, China. Urban Forestry &
Urban Greening, 12(4), 554-561. http://dx.doi.org/10.1016/j.ufug.2013.05.004
Ward, C, D., Parker, C, M., Shackleton, C, M. (2010). The use and appreciation of botanical
gardens as urban green spaces in South Africa. Urban Forestry & Urban Greening,
9(1), 49-55. https://doi.org/10.1016/j.ufug.2009.11.001
Ward Thompson, C., Roe, J., Aspinall, P., Mitchell, R., Clow, A., Miller, D. (2012). More
green space is linked to less stress in deprived communities: Evidence from salivary
cortisol patterns. Landscape and Urban Planning, 105(3), 221-229.
https://doi.org/10.1016/j.landurbplan.2011.12.015
White, M., Smith, A., Humphryes, K., Pahl, S., Snelling, D., Depledge, M. (2010). Blue
space: The importance of water for preference, affect, and restorativeness ratings of
natural and built scenes. Journal of Environmental Psychology, 30(4), 482-493.
http://dx.doi.org/10.1016/j.jenvp.2010.04.004
Wilkinson, N. (2006). Factors influencing the small-scale distribution of House Sparrows
Passer domesticus in a suburban environment. Bird Study, 53(1), 39-46.
https://doi.org/10.1080/00063650609461414

104

APPENDIX A

105

A.1: Variation in social and ecological qualities within and between different types of urban greenspace (UGS).
Type of UGS /
Sports Oval
Community Garden
Green Roof
quality
SITE A
SITE B
SITE C
SITE D
SITE E
Local sports oval Commercial
School Bush
Community
Extensive
Descriptive
sports oval
tucker garden
Garden
green roof
Restricted access

Biotic

Unrestricted
access
Mown turf with a
perimeter of
bush/woodland

Management

Publicgovernment

Private /
commercial

Designation
Recreation

Formal
Active

Informal
N/A

Access

Mown turf

Un-restricted
access
Native ‘bush
tucker’ gardens
Public –
government
school
Formal
Passive

Restricted access
Food production
landscapes and
ornamental
flowers
Partnership; not
for profit &
government
Informal
Passive

SITE F
Intensive green
roof

Restricted
access
Sedums,
grasses.

Unrestricted
access
Trees, bushes,
grasses etc.

Private

Public

Informal
None *

Formal
Passive

* Due to access restrictions no recreation activities can occur on site, however, bird watching may be a passive recreation opportunity if viewed from outside
the greenspace, such as from windows.
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A.2: Heterarchical interrelationships between 14 identified qualities of urban greenspace,
including unknown qualities we failed to identify. Frequency of use of each UGS quality by
the 50 studies in our review (see in-text Table 2.5) is indicated by greyscale shading.
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A.3: Social-ecological research mapping exercise showing full citations.
Social – ecological
link

Human Perceptual

Area / distance

Biodiversity

Biophysical

Inventory

Psychological
Wellbeing
(Francis et al.,
2012a; Grahn
and Stigsdotter,
2010; Lafortezza
et al., 2009;
Nordh and
Østby, 2013;
O’Brien et al.,
2010; Stigsdotter
and Grahn, 2011)

Management

(Dallimer et al.,
2011)

(Maas et al.,
2006; Mitchell
and Popham,
2007; Ward
Thompson et al.,
2012)

(Colding et al.,
2006; Dallimer et
al., 2011)

(Dallimer et al.,
2012; Fuller et
al., 2007; Luck et
al., 2011)

(Bertoncini et al.,
2012; Gaston et
al., 2005;
Wilkinson, 2006)

Attitudes,
meanings,
values

Preference

(Gill, et al.,
2009; Gobster,
2001; Özgüner
et al., 2012;
Özgüner and
Kendle, 2006)

(Grahn and
Stigsdotter,
2010;
Özgüner et
al., 2012;
Özgüner and
Kendle,
2006;
Stigsdotter
and Grahn,
2011)

Physical
Health

(Maas et al.,
2006;
Michell and
Popham,
2007;
Richardson
et al., 2010;
Richardson
et al, 2012;
Richardson
and Mitchell,
2010;
Villeneuve et
al., 2012;
Ward
Thompson et
al., 2012)
(van Heezik et
al., 2012; YliPelkonen et al.,
2006)

(Nordh et al.,
2009; Hull and
Harvey, 1989)

(Doick et al.,
2009)

(Bjerke et al.,
2006)

(Francis et al.,
2012a; GidlöfGunnarsson and

(Summit and
McPherson,
1998)

(Skeggs, 1999)

Behaviour

Social
Inquiry

(Gill et al.,
2009; Nordh
and Østby,
2013;
Stigsdotter and
Grahn, 2011)

(Beilin and
Hunter,
2011)

(BooneHeinonen et al.,
2010)

(Hunter and
Brown, 2012)

(van Heezik et
al., 2012)

(Luck et al.,
2011;
Pacheco and
Vasconcelos,
2007)

(Bjerke et
al., 2006;
Hull and
Harvey,
1989;
Kendal et al.,
2012)
(Skeggs, 1999;
Summit and
McPherson,
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Knowledge

Socio-cultural
statistic

Total (mixed)

19 (6)

(van Heezik et
al., 2012; YliPelkonen et al.,
2006)

(Barbosa et al.,
2007; Fuller
and Gaston.,
2009; Koohsari,
2011)

17 (3)

(Kinzig et al.,
2005; Luck, et
al., 2012)

15 (3)

(Cohen et al.,
2012)

8 (2)

(Francis et
al., 2012b)

7 (2)

Öhrström, 2007)

1998)
(Barthel et al.,
2005; Colding et
al., 2006;
Andersson et al.,
2007; Young,
2010)

Ecosystem
Services

Descriptive
/Narrative
Total
(mixed)

(Andersson et
al., 2007)

5 (1)

(Ernstson and
Sorlin, 2009)
16
(1)

12
(2)

9

Frequency:

1
7

0

7

1-2

7

3-4

7

5-6

2

5

n = 72

7-8

Note: Results from the social-ecological research mapping exercise are summarised in the main text in Table 2.3, references for the above listed
citations are listed in A.4.
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Appendix A.5: Contextualising use of the term ‘value’ in relation to broader meanings in
social psychology research and natural resource management.
The divergent ways in which the term ‘value/s’ is used bears mentioning with relevance to
how we contextualise ‘value/s’ in this semi-systematic literature review. For example, in
social science theory and social psychology research investigating values of natural areas,
compared to practitioners such as planners and managers involved in natural resource
management (NRM) of natural areas (Kendal et al., 2015). In NRM, the term ‘value/s’ is
typically used to refer to tangible ‘things’ located in the environment, such as species
diversity and water (Kendal et al., 2015). In social psychology research, ‘value/s’ represent
“mental structures that help explain people’s subjective experiences of environments”
(Kendal et al., 2015, pg. 225). Kendal et al., (2015) introduced the term ‘valued attributes’ to
refer to general properties of an environment (e.g. timber, biodiversity, beauty), which
different people may value differently (e.g. as more or less important).
In our review, we classify research measuring, for example, both ‘things’ located in
the environment (e.g. species diversity), and measures of mental structures relating to peoples
subjective experiences of environments (e.g. psychological outcome metrics), using an
expanded taxonomy of social and ecological measures adapted from Jorgenson and Gobster
(2010). We classify the former as an ecological measure (i.e., biodiversity) and the latter as a
social measure (e.g. psychological benefit). In some cases (i.e., reviewed studies), these
measures are linked to one another (e.g. Fuller et al., 2007; Dallimer et al., 2012) to
demonstrate – what we term – a social-ecological value of UGS. That is, we consider a
positive association (i.e., link) between beneficial psychological outcome metrics reported by
greenspace users, and levels of greenspace species diversity, to demonstrate a socialecological value of UGS. This is because more beneficial psychological outcomes associated
with greenspace use are, overall, beneficial for society. In other cases, researchers report an
association (i.e., link) between increasing amount of greenspace in a given area (an ecological
measure classified as Area/distance) and reduced human mortality rates (Villeneuve et al.,
2012) or increased perceived general health (Maas et al., 2006) (social measures classified as
Physical health). Such links again demonstrate what we term a social-ecological value of
UGS, because lower mortality rates and increased general health are overall beneficial for
society. In this way, we contextualise a social-ecological value in terms of the recognised
worth, usefulness or importance of a greenspace resulting from the interaction between
measured social and ecological qualities either attributed to, or characteristic of, greenspace/s.
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Our use of the term value is therefore much broader and more generalised that the use of this
term in NRM and social psychology research.
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CHAPTER THREE: DATA CHAPTER ONE

Social and environmental factors drive variation in plant and bird communities across
urban greenspace in Sydney, Australia.

Abstract: We examined whether environmental or social factors alone, or a combination of
social and ecological factors, were more effective at explaining patterns in plant and bird
assemblages across urban greenspaces. Thirty publicly accessible, passive recreation
greenspaces provided by municipal councils (i.e., city parks) were surveyed in a highly
urbanised city – Sydney, Australia. Plant communities were influenced most by topography
and park management approach, and to a lesser extent by land-use history. Greenspaces with
greater topographic variation and that were co-managed with local citizen groups hosted
higher plant species richness and abundance. Bird species richness within greenspaces
increased with increasing distance from the central business district and decreasing distance
from fresh water. Bird abundance was best explained by a combination of social-ecological
factors, with abundance increasing with increasing site (greenspace) age, increasing percent
concrete groundcover of a site and increasing proximity to the central business district. We
identified a group of ‘rare city parks’, dissimilar in ecological composition that hosted more
complex and species rich plant communities compared to ‘common city parks’. We suggest
this difference is likely because rare city parks received management and maintenance input
from local citizen groups, whereas common city parks were managed and maintained
exclusively by local councils. How different social factors, such as management approach
and ongoing maintenance, are linked to the ecology of urban greenspaces are key areas for
future investigation to help create sustainable urban landscapes that provide maximum
benefits to urban residents.
Zivanovic, A, J., Luck, G, W. (2016). Social and environmental factors drive variation in
plant and bird communities across urban greenspace in Sydney, Australia. Journal of
Environmental Management, 169, 210-222.
http://dx.doi.org/10.1016/j.jenvman.2015.11.052
3.1

Introduction

Increased attention has been paid to the drivers of urban biodiversity in recent years (see for
example, McKinney, 2008; Farinha-Marques et al., 2011; Nielsen et al., 2014; Karuppannan
et al., 2014; Matthies et al., 2015). A critical feature of urban environments that supports
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relatively high levels of biodiversity is urban greenspace (UGS) (McKinney, 2006), defined
as open, unsealed, urban land and its associated vegetative cover (see Chapter 2; Hunter and
Luck, 2015).
Ecological variation may occur between different types of UGS, and individual sites
of the same type of UGS. For example, residential neighbourhoods (Kinzig et al., 2005) and
allotment gardens (i.e., urban agriculture) (Andersson et al., 2007) may host higher species
richness and/or abundance of varying taxa compared to council managed city parks. Despite
being a similar type of UGS, Dallimer et al. (2012) reported that publicly accessible
recreation greenspaces, many of which were publicly owned and managed, varied widely in
ecological diversity between sites in one city – Sheffield, UK.
Environmental or social factors operating at different scales (e.g. vegetation cover in
the surrounding neighbourhood, UGS size, neighbourhood income, or UGS age) may
influence ecological variation across UGS sites. For example, mean household income can be
related to bird, but not plant species richness in council managed city parks, whereas sites in
higher income areas have more bird species (Kinzig et al., 2005). Greenspace age may
positively correlate with bird species richness (Fernández-Juricic, 2000), but not plant
richness (Nielsen et al., 2014), whereas increased dwelling (Gavier-Pizarro et al., 2010) and
population (Pautasso and McKinney, 2007) density have been strongly related to increased
plant species richness across broader UGS scales (e.g. urban counties). Dwelling density may
be positively or negatively correlated with bird richness depending on the species of interest
(Hodgson et al., 2007; Pidgeon et al., 2007) or season (Carbó-Ramírez and Zuria, 2011), and
may increase the functional similarity of bird communities across neighbourhoods (Luck and
Smallbone, 2011). While the influence of social factors on the biodiversity of specific types
of UGS (e.g. city parks) is not well studied, research so far suggests that the social variables
linked to variation in urban biodiversity more generally may not necessarily be the same as
the social variables linked to biodiversity variation across specific UGS sites.
Regarding environmental factors, UGS size is often positively correlated with bird
species richness (Fernández-Juricic, 2004; Carbó-Ramírez and Zuria, 2011; Nielsen et al.,
2014), and occasionally positively correlated with vascular plant species richness (Bräuniger
et al., 2010; Matthies et al., 2015). Increased topographic variation across UGS sites may also
be related to higher plant species richness (Cornelis and Hermy, 2004). At a broader scale,
the amount of vegetation surrounding an individual UGS site (i.e., within the ‘urban matrix’),
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such as street trees and domestic gardens, may influence bird occurrence in that site (Dauber
et al., 2003). For example, Nielsen et al. (2014) found that bird species richness decreased
with increasing isolation of greenspace in the urban matrix (i.e., less surrounding vegetation).
However, Strohbach et al. (2009) argued that more vegetation in the urban matrix will not
necessarily translate to increased bird species richness in specific UGS sites.
At smaller scales, vegetation characteristics within individual UGS sites, such as plant
species richness and structural heterogeneity, may be important in increasing bird species
richness (Fernández-Juricic, 2004; Husté et al., 2006; Murgui, 2007). For example, bird
species richness in UGS may be positively influenced by increasing woody plant species
richness and/or shrub and tree cover (Fernández-Juricic, 2004; Nielsen et al., 2014); although
Fontana et al. (2011) found that bird species richness was more strongly influenced by tree
abundance.
Furthering knowledge on how social and environmental factors influence variation in
bird and plant communities across UGS requires acknowledging that not all UGS is the same.
Past research has tended to ignore the important, site-specific differences in UGS history,
management and use, assigning sites with vastly different management objectives and uses to
a single, but often amorphous category ‘urban greenspace’. In Hunter and Luck (2015;
Chapter 2), we show that greenspace qualities such as ownership and management may vary
substantially and this can have important implications for understanding variation in
greenspace ecology (e.g. species richness). Given this, it is crucial to employ a more
comprehensive and transparent approach to defining the type of UGS under investigation,
and to account for underlying variation in the research design. In Australia’s urban centres,
UGS provided by city councils (i.e., local government authorities) can be roughly categorised
into (i) formal recreation greenspace, (ii) conservation greenspace, and, (iii) passive
recreation greenspace (Appendix B.1).
Conservation greenspaces are designated to protect native ecosystems, ecological
communities or species; consequently they are often biologically diverse. Formal recreation
greenspaces are designated for organised sporting activities (e.g. football), resulting in
monocultures of mown turf and relatively low levels of biodiversity. Hence, the drivers of
ecological variation in conservation and recreation greenspaces are strongly linked to
management (Hunter and Luck 2015; Chapter 2). Given this, we excluded formal recreation
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and conservation greenspaces from our study because they have entrenched and overriding
management approaches that lead to predictable ecological outcomes.
Instead, we focus here on a globally common, specific type of UGS – passive
recreation greenspace (i.e., city parks) – for which there is limited knowledge of the social
and environmental factors influencing variation in biodiversity across sites. Passive
recreation greenspaces are mandated and designated by local government authorities
worldwide specifically for use by local residents for passive recreation (e.g. picnicking,
walking). They are a key location within urban environments where city dwellers are able to
readily interact with nature (Dunn et al., 2006). Yet, there is limited knowledge of the
magnitude of variation in the ecological characteristics of passive recreation greenspaces, or
what factors might drive this variation. Improving understanding of these factors is vital
given that the composition and structure of plant and animal taxa in city parks may have
measurable impacts on a greenspace users’ wellbeing (Dunn et al., 2006; Fuller et al., 2007;
Dallimer et al., 2012; Carrus et al., 2015). We focussed on passive recreation greenspaces
because they are widely used and there is much greater scope to modify management and
planning to improve both human encounters with nature and the ecological values of the
greenspace.
Descriptive nomenclature such as ‘park’, ‘reserve’ or ‘garden’ may be used when
naming passive recreation greenspaces. However, naming conventions reflect cultural or
historical trends and cannot be assumed to indicate a location’s ecological characteristics (e.g.
gardens are not necessarily more biodiverse than parks or reserves). Further, the biodiversity
of ‘botanic gardens’ (which may be designated as passive recreation greenspaces)
comparatively to other city parks is relatively un-documented (Maunder et al., 2001; Ward, et
al., 2010). Here, we use the term ‘city parks’ to refer to passive recreation greenspaces
irrespective of whether councils formally named them ‘reserves’, ‘parks’ ‘gardens’ or
‘botanic gardens’ (Appendix B.2). Using the typology of UGS qualities presented by Hunter
and Luck (2015; Chapter 2), city parks are defined using the following social qualities:
publicly accessible; managed by city council; situated on public land; and formally
designated on town plans for passive recreation (Appendix B.3).
We investigated the extent to which a suite of social and environmental variables can
explain variation in the bird and plant communities of city parks. By focussing on one type of
greenspace, we reduced the likelihood of confounding research findings which may occur if a
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broader range of UGS types are included (Hunter and Luck, 2015). The following research
questions were addressed:
1) How do city park sites vary in ecological characteristics?
2) What social and environmental factors are related to differences in plant and bird
communities across city parks?
3.2

Methods

3.2.1 Site selection
A stratified, random approach was used to select 30 city park sites in Sydney, Australia
(Figure 3.1). Using orthocorrected aerial maps, the amount of canopy cover per site
(estimated ocularly and confirmed by two researchers) was estimated and used to stratify
sites into four categories (0-24%; 25-49%; 50-74%; 75-100% canopy cover – Appendix B.4).
Canopy cover was used because we expected this variable would capture the full range of
ecological variation among sites. Sites were then randomly chosen within these canopy cover
categories and included in our study based on the aforementioned social qualities of city
parks (see Introduction). All sites were zoned for passive recreation, checked using local
council planning and zoning documents. Additional site selection criteria included no
significant water views, located a minimum of 1 km apart (to maintain spatial independence)
and ranging between 0.5 – 5.0 ha in size (Appendix B.3). This resulted in six-to-eight sites
per canopy cover quartile, located across 15 local government jurisdictions, which varied in
geographical location and organisation structure (Appendix B.5).
3.2.2 Data collection
Each site was sampled in Spring 2013 to ascertain differences in plant and bird assemblages
using the field survey methods detailed in Appendix B.6. A suite of social and environmental
predictor variables were then compiled that were hypothesised to influence plant and bird
assemblages within city parks (i.e., alpha diversity), including both large (landscape) scale
and local (site) scale predictors (Table 3.1). While plants are immobile, birds are mobile
organisms that may move between city park sites and across the broader landscape.
Therefore, we included different predictor variables for birds and plants. In particular, we
hypothesised that both site scale plant characteristics (e.g. plant species richness) and
landscape scale factors (e.g. distance to freshwater and the coast) may influence bird
assemblages. See Appendix B.13 for further justification of predictor variables.
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3.2.3 Data handling
A Pearson’s correlation matrix was generated to analyse pairwise correlations between
predictor variables to reduce collinearity (Appendix B.7). One of a pair of variables was
removed where the correlation coefficient was > 0.60 (this is a conservative approach given
that a common threshold used is 0.70; see Dormann et al., 2013). The retention of a variable
was based on its ecological importance in our judgement, evidence from the literature and our
study objectives. Correlated variables were not included in the same models. We selected
plant species richness (combined woody and herbaceous) and plant abundance (woody only)
as the plant response variables to model; however, it is important to note that these variables
were highly correlated with one another (r = 0.85) and with a number of site scale plant
variables measured (e.g. structural heterogeneity, percent canopy cover, vertical canopy
height; Appendix B.6 and B.7). Mean leaf size was correlated with leaf size variance and
standard deviation (both discarded), rendering mean leaf size a measure of the diversity of
leaf sizes within a site.
Multicollinearity was assessed among predictor variables using variance inflation factors
(VIF values) generated from linear regressions, whereby each predictor variable was
modelled against all others in turn (Zuur et al., 2010). In all cases, VIF values among the
remaining predictor variables were < 3 suggesting weak multicollinearity (Zuur et al., 2010).
3.2.4 Statistical analysis
Plant species richness and abundance were modelled separately against all possible
combinations of the social predictor variables income, site age and dwelling density, and all
possible combinations of the environmental predictor variables percent UGS in a 1km radius,
site size and topography. Similarly, bird species richness and abundance were modelled
separately against all possible combinations of the social predictor variables income, site age
and dwelling density, and the most logical combinations of environmental predictor variables
at both site and landscape scales (based on our judgement and evidence from the literature).
At the site scale, bird species richness and abundance were modelled against four
environmental predictors. These included site size, topography and site plant species
richness; however, mean leaf size was modelled only against bird species richness, whereas
percent concrete ground cover was modelled only against bird abundance. At the landscape
scale, environmental predictors modelled against bird species richness and abundance
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included percent UGS in a 1km radius and distance to the central business district (CBD),
coast, and fresh water.
Social and environmental variables were modelled separately to determine the best
predictors within each set and to avoid over-fitting of models. Given our sample size was 30,
it was not appropriate to include more than 3-4 predictor variables in any one model
(Tabachnick and Fidell, 2013). Plant and bird response variables were then modelled against
combinations of the best social and environmental predictors to determine if socio-ecological
factors combined were better explanations for variation in the response than social or
environmental variables by themselves.
We used an information-theoretic (I-T) approach (Burnham et al., 2011) to provide a
formal measure of the strength of support for each competing model. Alternative explanatory
models were compared using a generalised linear model assuming a Gaussian data
distribution (confirmed through explorative assessments of each response variable and
subsequent transformations as follows: plant and bird species richness square root
transformed; plant and bird abundance log10 transformed). Further data exploration through
scatter plots identified a potential quadratic relationship between median weekly household
income and both bird and plant species richness. Therefore, a linear and quadratic term for
median weekly income was modelled to determine best fit.
Competing models were ranked using Akaike Information Criterion (AICc) values (c
= corrected for small sample sizes < 40) whereby smaller AICc values indicate a better model
fit. A null model (constant only) was also produced to compare with models containing
predictor variables and assess overall model fit. The difference in AICc values (Δi) between
the best fitting model and all other models in the set considered was calculated; models where
Δi is < 2 are considered to have substantial support (Burnham et al., 2011). The Akaike
weight for each variable was also summed across all models to get an indication of the
relative support for each variable.
For each response variable, tables were compiled using the predictor modelling
combinations ‘social only’, ‘ecological only’ and ‘social-ecological’ (for full models see
Appendix B.8 and B.9). Here, the model, parameter estimates and associated confidence
intervals for each predictor, value for AICc, Akaike weights (wi), the likelihood chi square
value (χ2 – a measure of model fit), and p-value were recorded. All statistical analysis and
data handling was carried out in SPSS version 20.0 (IBM Corp, 2011).
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Figure 3. 1: Location of study sites (n = 30) across Sydney, Australia and their respective
canopy cover quartiles.
Notes: Canopy cover key: blue = 75 – 100%; purple = 50 – 74%; red = 25 – 49%; and, black
= 0 – 24%. Map Data Sourced from Google Maps: Imagery ©2015 Digital Globe.
Aerometrex. Sinclair Knight Merz, Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Landsat,
MAP data ©2015 Google.
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Table 3. 1: Social and environmental predictor variables hypothesised to influence plant and
bird communities across city parks.
Response
Predictor
Abbreviation
Predictor
Data source
variable(s)
variable
calculation
VEGETATION AND BIRD - SOCIAL PREDICTOR VARIABLES
INC
Calculated the mean Australian Bureau
 Plant species Median weekly
household income
of the median weekly of Statistics (ABS)
richness
($AUD)
household income,
– Quick stats,
 Plant
INC_Q
weighted by the
2011 data
abundance
(quadratic)
number
of
households
(Statistical Area
 Bird species
per mesh block.
level 1)
richness
 Bird
abundance
As above
Site age (years)
AGE
Years since site was Local government
formally
websites, contact
designated/gazetted with local studies
by council as a public librarians of each
UGS
municipal library.
As above
Dwelling density DWELL
Calculated number of ABS census 2011 (1km radius)
dwellings in a 1km mesh block data.
radius surrounding
each site using GIS.
VEGETATION - ENVIRONMENTAL PREDICTOR VARIABLES
% UGS
Calculated using
SIX Maps
 Plant species Percent UGS in
1km radius
ArcGIS to include all (orthocorrected
richness
UGS in a 1km radius aerial
 Plant
(e.g. domestic
photography).
abundance
gardens, nature strips, NSW
institutional gardens), Government, Land
not just formally
and Property
designated
Information.
greenspaces
As above
Site size (ha) –
PARK_S
Calculated using
SIX Maps
log10 transformed
orthocorrected aerial
photography
As above
Topography (m) TOP
Topography was
SIX Maps
calculated using
typography lines. Min
site elevation was
subtracted from the
max site elevation to
get a measure of
elevation change.
BIRDS - ENVIRONMENTAL PREDICTOR VARIABLES (SITE SCALE)
 Bird species Site plant species PARK_SR In situ field sampling Field sampling
richness
of 30 sites using
richness
quadrats to measure
 Bird
plant species richness
abundance
and abundance
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Site size (ha) –
PARK_S
log10 transformed
As above
Topography
TOP
(metres)
LEAF_S
 Bird species Mean leaf size
(cm) –
richness
log10 transformed
As above

As above

As above

As above

As above

Fieldwork: average Field sampling
calculated from
length and width
samples of min. one
max. three specimens.
-------- -------------- --------------------- ----------Concrete
GC_CONC Fieldwork: transects Field sampling
 Bird
involved recording
abundance groundcover (%)
groundcover type at 2
metre intervals.
BIRDS - ENVIRONMENTAL PREDICTOR VARIABLES (LANDSCAPE SCALE)
Calculated using
SIX Maps
 Bird species Distance to Sydney D_CBD
CBD (m)
orthocorrected aerial
richness
photography. The
 Bird
central reference
abundance
point chosen for
Sydney CBD was
AMP tower (33.87°S; 151.21°E)
As above
Percent UGS in
%UGS
As above
SIX Maps
1km radius
As above
Distance to coast D_COAST Distance to sea coast, SIX Maps
(m)
or notable estuarine
tributaries over 100m
in diameter, were
calculated.
As above
Distance to
D_FRESH Freshwater bodies
SIX Maps
freshwater (m)
were determined from
SIX Maps base maps,
indicating freshwater
creeks and or
significant water
bodies. Distance was
taken from the edge
of the site to the edge
of the freshwater
body.
Notes: See Appendix B.6 for response variable sampling methods. See Appendix AA.3 and
AA.7 for models positioning the above listed predictor and response variables within the
Ostrom social-ecological systems framework (Ostrom, 2009; McGinnis and Ostrom, 2014).

126

3.3

Results

3.3.1 Rare versus Common city parks
The majority of sites were low in plant species richness, abundance, structural heterogeneity
and canopy cover, rendering them largely homogeneous in ecological composition (‘common
city parks’). Yet, a group of rarer, high diversity sites (‘rare city parks’) were identified that
were comparatively dissimilar in their ecological characteristics to common city parks.
Variation in plant species richness was driven by six rare sites (Harbourview Park, Lisgar
Garden, Swain Garden, E. G. Waterhouse Garden, Ivanhoe Park Botanic Garden and Stony
Range Botanic Garden) which hosted substantially higher plant species richness (n = 42 –
101) than the remaining 24 sites (n = 3 – 26) (Figure 3.2). Mean species richness of the rare
city parks was also consistently higher across all taxonomic groups compared to common city
parks (Table 3.2).
3.3.2 Species richness and endemism
Across all park sites (n = 30), 411 plant (n = 358 woody; n = 53 herbaceous) and 43 bird
species were recorded. The mean number of woody plant, herbaceous plant and bird species
per site was 24.9 (SD ±22.6), 4.0 (SD ±5.7) and 6.8 (SD ±2.6), respectively. A total of 80%
of sites contained 25 or less woody plant species, 63.3% of sites contained six or fewer bird
species, and 76.7% of sites contained five or less herbaceous plant species, of which zero
herbaceous vegetation (excluding turf) was recorded in 26.6% of sites (Figure 3.3). This
reflects a dominance of turf in ‘common greenspaces’, as opposed to amenity or bushland
habitat types in ‘rare greenspaces’ (see below). Exotic species (i.e., non-native species to
Australia) comprised 38.7%, 75.5% and 9.3% of woody plant, herbaceous plant and bird
species, respectively.
3.3.3 Species frequency of occurrence
Approximately 42% of bird and 62% of plant species occurred in one site only, whereas
fewer species occurred consistently across multiple sites. Analysis of bird species across all
sites revealed the Noisy Miner (Manorina melanocephala) and Rainbow Lorikeet
(Trichoglossus haematodus) occurred most frequently in 93.3% and 83.3% of sites,
respectively. Of the n = 43 bird species identified, 23% (n = 10) occurred in over 25% of all
sites (Appendix B.10). In total, 41.9% (n = 18) of bird species were only observed in one site
(i.e., < 3.4% of sites).
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Figure 3. 2: Number of bird species, herbaceous plant species, and woody plant species,
across n = 30 park sites.
Note: * indicates co-management by local citizen groups and council, as opposed to council
only management.
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Table 3. 2: Mean species richness in rare versus common city parks.
Woody plant
Herbaceous plant
Species group
64.00
13.83
Rare parks
SD±
22.53
4.83
15.08
1.38
Common parks
SD±
5.96
1.66
Note: SD = standard deviation.
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Figure 3. 3: Species occurrence across park sites (n = 30).
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Of all woody plant species observed (n = 358), 62.3 % (n = 223 species) occurred in a
single site only, whereas 37.8 % (n = 135) occurred in more than one site (although the
majority of these were observed in only two to three sites (n = 80, 22.3%)).
A total of n = 36 species (10.1%) occurred in four to six sites and n = 15 species (4.2%)
occurred in seven to nine sites. The most commonly observed woody plant species was the
Brushbox (Lophostemon confertus – 50% of sites), followed by the Spotted Gum (Corymbia
maculata – 40 %), Japanese Camellia (Camellia japonica – 36.7%) and Smooth Barked
Apple (Angophora costata – 33.3%) (Appendix B.11).
3.3.4 Species abundance
Cumulatively across all sites, n = 3929 woody plants were recorded. After correcting for
detectability using species-specific detection functions (Luck et al., 2012) and the methods
outlined in Appendix B.6, an estimated total of n = 2159 bird individuals were recorded. The
mean abundance of woody plants and birds was n = 131 (SD ± 129.3) and n = 72 (SD ±
74.5), respectively. Mean herbaceous cover, measured as a percentage of the total sample
area (excluding turf), was 5.6% per site (SD ± 8.3). In total, 83% of sites contained ≤ 10%
herbaceous cover, 70% of sites contained ≤ 150 woody plants, and 83% of sites contained ≤
l00 individual birds (Figure 3.4).
The most abundant bird species were the Feral Pigeon (Columba livia), Noisy Miner
and Rainbow Lorikeet, comprising 41.2, 17.3 and 12.6% of total observations, respectively.
These three species, plus the Welcome Swallow (Hirundo neoxena) and Australian White
Ibis (Threskiornis molucca), collectively comprised approximately 80% of all bird
observations.
3.3.5 Social and ecological models
The quadratic term for median weekly income did not provide a better fit to the linear term so
the latter was retained in all models.
The two highest ranked social models for plant species richness included age of site
and dwelling density, although these models were not strongly supported (Table 3.3 – see
Appendix B.8 for full model results). Plant species richness declined with increasing age of
site and dwelling density, although there was some uncertainty regarding this relationship.
There was much stronger support for topographic variation as a predictor of plant species
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richness, whereby richness increased with greater variation (Table 3.3). The summed Akaike
weights also suggested topography was the best predictor of plant species richness (Table
3.4).
Plant abundance increased with increasing dwelling density and income, and
decreased with increasing site age, however there was only weak support for these models
(Table 3.3). As with plant species richness, topography was the strongest predictor of plant
abundance (Table 3.3), supported by the summed Akaike weights across all models (Table
3.4).
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Figure 3. 4: Herbaceous plant, woody plant and bird abundance across n = 30 park sites.
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Landscape scale environmental factors best predicted bird species richness (Table
3.3). Number of bird species in each site increased with increasing distance from the CBD
and decreasing distance from fresh water; however, there was some uncertainty in this
relationship because confidence intervals (CI’s) encompassed zero. There was similar
support for the model including only distance to the CBD, though CI’s again encompassed
zero (Table 3.3). Social predictors were less effective in predicting bird species richness. Bird
species richness declined with increasing site age and dwelling density, with greater support
for the former (wi = 0.31), which was the highest ranked model among the social predictors
(Table 3.3). The highest ranked model for local scale environmental predictors included site
and leaf size; bird richness increased with the size of the site and the mean leaf size of plants
(correlated with plant species richness, structural heterogeneity, canopy cover etc. (Appendix
B.7)). However, a number of alternative models containing site scale factors had similar
support for predicting bird species richness (Table 3.3).
The highest ranked social models for bird abundance included site age and dwelling
density, and these models had relatively similar support (Table 3.3). Bird abundance
increased with increasing site age and dwelling density, in direct contrast to bird species
richness, which declined in older sites and more densely settled neighbourhoods. Regarding
site scale environmental predictors, no one model had strong support in predicting variation
in bird abundance across sites (Table 3.3). Bird abundance was lower with greater
topographic variation within sites, but there was some uncertainty in this relationship as CIs
encompassed zero. The highest ranked model for landscape scale environmental predictors
included only distance to the CBD (wi = 0.34), although the model including percent UGS in
a 1km radius also had some support (Table 3.3), not surprising given the two predictor
variables were highly positively correlated (Appendix B.7). Bird abundance declined with
greater distance from the Sydney CBD, but there was uncertainty in this relationship.
3.3.6 Combined social-ecological models
Variation in plant species richness across sites was equally explained (AICc = 117.47, wi =
0.23) by the social-ecological model including dwelling density and topography, as the
ecological only model including just topography (Table 3.5 – see Appendix B.9 for full
model results). Therefore, while there was relatively good support for the social-ecological
model as an explanation for variation in plant species richness, this support was no greater
than that for the more parsimonious model including just the environmental predictor
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Table 3. 3: Separate social and ecological variable models explaining variation in ecological
characteristics across city park sites. Bracketed values represent parameter estimates and
associated confidence intervals (CIs) for each variable.
AICC
Δi AICC
wi
χ2
p-value
SOCIAL PREDICTORS
AGE (-0.012, -0.033 – 0.010)
137.36
0.00
0.28
1.11
0.287
DWELL (-0.023, -0.075 – 0.028)
137.71
0.34
0.23
0.77
0.380
INC (0.000, -0.001 – 0.002)
138.39
1.03
0.16
0.08
0.772
ENVIRONMENTAL PREDICTORS
TOP (0.203, 0.131 – 0.275)
117.47
0.00
0.59
21.01
<0.001
Plant abundance models
AICC Δi AICC
wi
χ2
p-value
SOCIAL PREDICTORS
DWELL (0.003, -0.008 – 0.015)
46.43
0.00
0.25
0.34
0.558
AGE (-0.001, -0.006 – 0.004)
46.55
0.12
0.23
0.22
0.638
INC (3.458E-005, 0.000 – 0.000)
46.74
0.31
0.21
0.03
0.857
ENVIRONMENTAL PREDICTORS
TOP (0.038, 0.021 – 0.056)
32.41
0.00
0.60
14.36
<0.001
Bird species richness models
AICC
Δi AICC
wi
χ2
p-value
SOCIAL PREDICTORS
AGE (-0.003, -0.008 – 0.001)
42.47
0.00
0.31
2.13
0.145
DWELL (-0.006, -0.016 – 0.005)
43.58
1.11
0.18
1.02
0.313
ENVIRONMENTAL PREDICTORS – SITE SCALE
PARK_S (0.643, 0.054 – 1.231) + LEAF_S
37.65
0.00
0.22
9.62
0.008
(0.316, 0.079 – 0.553)
PARK_SR (0.081, 0.017 – 0.146) +
38.26
0.61
0.16
9.01
0.011
PARK_S (0.571, -0.026 – 1.168)
PARK_S (0.607, 0.032 – 1.182) + TOP
38.88
1.23
0.12
11.29
0.010
(0.013, -0.007 – 0.033) + LEAF_S (0.237, 0.021 – 0.496)
PARK_SR (0.087, 0.019 – 0.155)
38.91
1.26
0.12
5.69
0.017
PARK_S (0.581, -0.023 – 1.186) + TOP
39.06
1.41
0.11
8.21
0.016
(0.022, 0.003 – 0.040)
LEAF_S (0.314, 0.060 – 0.568)
39.24
1.59
0.10
5.36
0.021
ENVIRONMENTAL PREDICTOR VARIABLES – LANDSCAPE SCALE
D_CBD (3.696E-005, 1.338E-005 –
33.95
0.00
0.40
13.32
0.001
6.054E-005) + D_FRESH (0.000, 0.000 –
1.054E-005)
D_ CBD (4.256E-005, 1.848E-005 –
34.50
0.55
0.30
10.10
0.001
6.663E-005)
Bird abundance models
AICC
Δi AICC
wi
χ2
p-value
SOCIAL PREDICTORS
AGE (0.003, 0.000 – 0.005)
12.85
0.00
0.31
3.89
0.049
DWELL (0.006, 0.000 – 0.013)
13.60
0.75
0.21
3.14
0.076
AGE (0.002, 0.000 – 0.005) + DWELL
13.65
0.79
0.21
5.77
0.056
(0.005, -0.002 – 0.011)
ENVIRONMENTAL PREDICTOR VARIABLES – SITE SCALE
TOP (-0.012, -0.024 – 0.001)
13.76
0.00
0.19
2.98
0.084
TOP (-0.012, -0.024 – 0.001) + GC_CONC
13.85
0.09
0.18
5.57
0.062
(0.010, -0.002 – 0.022)
GC_CONC (0.010, -0.003 – 0.023)
14.38
0.62
0.14
2.36
0.124
PARK_S (-0.209, -0.617 – 0.199) + TOP
15.44
1.68
0.08
3.98
0.137
(-0.011, -0.024 – 0.002)
PARK_SR (-0.030, -0.077 – 0.016) +
15.46
1.70
0.08
3.96
0.138
GC_CONC (0.013, 0.000 – 0.026)
Plant species richness models
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PARK_S (-0.237, -0.663 – 0.188)
15.57
1.81
0.08
1.17
0.279
ENVIRONMENTAL PREDICTORS – LANDSCAPE SCALE
D_CBD (-1.705E-005, -3.389E-005 –
13.04
0.00
0.34
3.70
0.054
-2.126E-007)
%UGS (-0.005, -0.012 – 0.002)
14.71
1.67
0.15
2.03
0.154
Notes: AICc = Akaike’s information criterion corrected for small sample sizes, Δi = difference
in AICc values, wi = model weights, and χ2 = the likelihood ratio chi-square, which represents
the change in deviance between the fitted model and the constant only model. Only models
with change in AIC ≤ 2 are presented. See Appendix B.8 for full results.

Table 3. 4: Summed Akaike weight for each variable* across models.
SOCIAL PREDICTORS
AGE
DWELL
INC
Plant species richness
0.46
0.40
0.32
Plant abundance
0.39
0.41
0.36
Bird species richness
0.54
0.38
0.34
Bird abundance
0.66
0.53
0.25
ENVIRONMENTAL PREDICTORS
TOP
PARK_S
%UGS
Plant species richness
1.00
0.21
0.25
Plant abundance
1.00
0.21
0.24
Notes: *Summed Akaike weights for bird species richness and abundance environmental
predictors (landscape and site scale) were not calculated because each predictor was used an
uneven number of times across models.

topography. No social-ecological models were better explanations for variation in plant
abundance over the already established relationship with site topography (Table 3.5).
The ecological model including distance from the CBD and distance from fresh water
was the highest ranked model for explaining variation in bird species richness (wi = 0.22),
where the next highest ranked model, distance from the CBD, was also an ecological only
model (wi = 0.17) (Table 3.5). In contrast, social-ecological models were consistently the
best explanations for variation in bird abundance with the highest ranked model predicting
bird abundance increased with decreasing distance to the CBD, and increasing site age and
percentage concrete ground cover (wi = 0.18) (Table 3.5).
3.4

Discussion

3.4.1 Plant species trends and endemism
Sites were generally characterised by low plant diversity and ecological complexity. The
exception was a few rare city parks (n = 6), hosting higher levels of plant richness and greater
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habitat complexity. Present in 50% of sites, the most frequently occurring woody plant
species was the native Brushbox – a species commonly used for street tree (Marrickville
Council, 2014) and city park plantings (Forsite EDAW, 1993). The high frequency of
occurrence of the Spotted Gum, Smooth Barked Apple and Sweet Pittosporum (Pittosporum
undulatum) probably reflects the fact that these are common species of the cities’ remnant
vegetation (Benson and Howell, 1994).
Exotic plant species made up a large proportion of total woody plant species richness
per site, given many sites (47%) were composed of ≥ 50% exotic species (Figure 3.2). Both
similar (Tait et al., 2005; Wang et al., 2013) and dissimilar (Celesti-Grapow et al., 2006)
trends have been reported in urban parks around the world. While the implications of a high
percentage of exotic plants in city parks are unknown, it is postulated that UGSs that retain
native vegetative characteristics will support more native bird species (Chace and Walsh,
2006). Moreover, cultivated or artificial greenery associated with exotic plants have been
Table 3. 5: Combined social-ecological models explaining variation in ecological
characteristics across city park sites. Bracketed values represent parameter estimates and
associated confidence intervals (CIs) for each variable.
Plant species richness models
TOP (0.203, 0.131 – 0.275)

Model type

AICC

Δi AICC

wi

χ2

p-value

E

117.47

0.00

0.23

21.01

<0.001

DWELL (-0.030, -0.065 – 0.005) +
S-E
117.47
0.00
0.23
23.69 <0.001
TOP (0.207, 0.138 – 0.276)
AGE (-0.009, -0.024 – 0.006) + TOP
S-E
118.93
1.47
0.11
22.22 <0.001
(0.200, 0.129 – 0.271)
Plant abundance model
Model type AICC Δi AICC
wi
χ2
p-value
TOP (0.038, 0.021 – 0.056)
E
32.41
0.00 0.36
14.36 <0.001
Bird species richness models
Model type AICC Δi AICC
wi
χ2
p-value
D_CBD (3.696E-005, 1.338E-005 –
6.054E-005) + D_FRESH (0.000, 0.000
E
33.95
0.00
0.22
13.32
0.001
– 1.054E-005)
D_CBD (4.256E-005, 1.848E-005 –
E
34.50
0.55
0.17
10.10
0.001
6.663E-005)
Bird abundance models
Model type AICC Δi AICC
wi
χ2
p-value
AGE (0.003, 0.000 – 0.005) +
GC_CONC (0.016, 0.005 – 0.027) +
S-E
9.10
0.00
0.18
13.22
0.004
D_CBD (-1.692E-005, -3.199E-005 – 1.843E-006)
AGE (0.003, 0.001 – 0.006) +
S-E
10.68
1.59
0.08
8.73
0.013
GC_CONC (0.014, 0.002 – 0.025)
Notes: AICC = Akaike’s information criterion corrected for small sample sizes, Δi = difference in AICC
values, wi = model weights, and χ2 = the likelihood ratio chi-square, which represents the change in
deviance between the fitted model and the constant only model. Only models with change in AICC ≤ 2
are presented. See Appendix B.9 for full models. See Table 3.1 for modelling codes. All estimates and
their CIs were rounded to 3 decimal places. Model: S-E = social-ecological model, E = ecological only
model, S = social only model.
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linked to more homogenised bird communities suggesting not all UGSs will provide the same
ecological utility for fauna (Chong et al., 2014), although there was no evidence of this in our
study.
In our study, different management objectives across sites (Appendix B.12) appeared to
influence the composition of plant communities. For example, the management objectives of
Stony Range Botanic Garden and Harbourview Park (e.g. weed management, canopy
enhancement and native biodiversity conservation) intend to maintain a bushland character
and the ongoing public appreciation of endemic Australian flora. Conversely, E. G.
Waterhouse Garden, Lisgar Garden and Swain Garden were established with the objective of
creating a landscape comprised of a distinct non-indigenous botanical collection, while
protecting rare cultivars of a specific genus (e.g. Camellia). Such clearly distinct management
objectives between individual rare city park’s explain the occurrence of over 90% natives at
Stony Range Botanic Garden and Harbourview Park, compared to approximately 50% in
E.G. Waterhouse Garden, Lisgar Garden and Swain Garden (Figure 3.2).
3.4.2 Plant model results
Interestingly, site size was not related to plant species richness. Likely this is because site
selection was constrained to city parks between 0.5 – 5.0 ha in size, excluding larger
greenspaces. The inclusion of larger sites may indeed show a positive relationship with plant
richness, as has been shown in other studies (Cornelis and Hermy, 2004; Bräuniger et al.,
2010; Matthies et al., 2015). Our results showed only weak support for mean household
income predicting a site’s plant species richness and abundance, in contrast to some previous
studies (e.g. Kinzig et al., 2005). However, we measured mean income of the households
directly adjacent to the site, whereas broader landscape measures of income (e.g. postcode
income) may have yielded different trends. People living in wealthier neighbourhoods may
lobby for increased plantings in city parks, perhaps through co-management arrangements,
demanding a higher proportion of their council rates go to greenspace amenity (e.g. the
“luxury effect” (Hope et al., 2003)). However, there was no evidence of this in our study.
The results for plants in our study contrast with Nielsen’s review findings (2014) that
plants are not associated with site age. Less plant diversity in older sites potentially reflects
the management paradigms associated with the landscape design principles of the era the city
park was established in (Weifeng et al., 2006). For example, some older city parks are
managed according to traditional English landscape designs in keeping with when they were
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established, whereas some (relatively) younger city parks are managed to reflect either more
species-rich bushland/woodland or the preservation of botanical species/cultivars.
City parks located in denser neighbourhoods hosted lower plant species richness (as
shown elsewhere for vascular plants; see Matthies et al., 2015) and higher plant abundance
than those in less dense neighbourhoods. Charity organisations in Sydney have advocated
retention of shrubs as shelter for the homeless in some inner-city parks (the CBD), which are
noted in ongoing management plans (e.g. Forsite EDAW, 1993). Denser plantings of
“homeless habitat” may explain increased plant abundance in city parks situated in higher
density areas that are known homeless ‘hotspots’. Alternatively, the proportion of ornamental
species in UGS plant communities has been negatively correlated with distance from the
urban core (Matthies et al., 2015), which may reflect denser plantings of similar species in
city parks due to ornamental landscape designs (e.g. large rows of ornamental hedges
composed of one species).
Topography was consistently the strongest predictor of plant species richness and
plant abundance across all models. Plant richness and abundance were higher in sites with
greater topographic variation. Cornelius and Hermy (2004) also found that increased
topographic variation (height difference between the lowest and highest point of a site) was
positively related to plant species richness; however, after controlling for site size, which
varied between 7 – 108 ha, the relationship disappeared. In our study, we limited the likely
overriding influence of site size by only including sites between 0.5 – 5.0 ha. The pattern of
high plant diversity on steep slopes in city parks is analogous to the situation that exists
within remnant bushland, which is mostly confined to creeks, slopes, and steeper land
unsuitable for development (Benson and Howell, 1990).
A number of the city parks surveyed in our study were situated on land mostly
unsuitable for other uses (Appendix B.12). A likely explanation for why topography was
highly correlated with plant abundance is the need to stabilise the soil of sites with steep
gradients. Here, turf may have limited application, especially when a slope is too steep for
mowing. It is maybe more surprising that topography was also positively related to plant
species richness, given that presumably one or two suitable plant species could be used to
stabilise the soil. However, we suggest steep sites were seen by landscape designers and
community groups as a good opportunity to promote other botanical values of greenspace
such as (i) aesthetic or ornamental preferences for plant traits, such as varied size, shape and
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colour of flowers, leaves and fruits (Kendal et al., 2012), (ii) conservation of rare endemic
plant species of ‘naturalistic’ landscapes or ornamental cultivars of ‘designed’ landscapes
(Özgüner and Kendle, 2006), or (iii) the ecological benefits of increased biodiversity
(Andersson et al., 2007; Qiu et al., 2013).
3.4.3 Trends in bird assemblages
Bird species richness and abundance varied across sites, but the majority of sites supported
only a few species and these were mostly ‘weedy’ or ‘pesky’ bird species (e.g. Feral Pigeon,
Noisy Miner). Mean bird species richness was higher in rare compared to common city parks
(Table 3.2). However, it is important to note that we surveyed only during Spring in one year,
and a greater number of species may be encountered over different seasons or a longer
period.
The results of our study were consistent with past research in the following ways: (i) a
high frequency of occurrence of the Noisy Miner, Rainbow Lorikeet and Australian Magpie
(Cracticus tibicen) (all native species); (ii) a high abundance of the Feral Pigeon, Noisy
Miner and Rainbow Lorikeet; and (iii) very few small-bodied native species (with the
exception of the Welcome Swallow) in favour of larger-bodied species (Parsons et al., 2006;
Shukuroglou and McCarthy, 2006; Major and Parsons, 2010; Taylor et al., 2013). Taylor et
al. (2013) also observed a relatively high abundance of a few common bird species and
generally low species richness in Sydney’s UGS, which they suggested was evidence of the
homogenisation of the city’s avifauna (McKinney, 2006; 2008; Luck and Smallbone, 2011).
Our results provide some evidence suggesting aggressive, large-bodied species are
dominating city parks. Parsons et al. (2003) argued that smaller native birds are mostly
confined to remnant vegetation, and few species are able to cohabit both remnants and other
types of UGS, such as domestic gardens and city parks. It is therefore likely that people will
experience substantially different bird assemblages depending on the city park they visit,
however encounters with aggressive bird species are likely and the diversity of bird species
may be low.
Aggressive and ‘weedy’ bird species are often problematic for land managers. The
aggressive Noisy Miner occurred in 93% of sites and comprised over 17% of all bird
individuals recorded. Parsons et al. (2006) suggested that Noisy Miners may influence the
structure of urban bird assemblages due to their aggressive behaviour (Dow, 1977; Arnold,
2000). A causal link has been identified between Noisy Miners and impoverished bird
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communities, demonstrated via the recolonisation of vegetation patches by small and medium
sized birds upon the removal of miners (Grey et al., 1997; 1998; Debus, 2008; Mac Nally et
al., 2012). Noisy Miners dominate fragmented habitats (Piper and Catterall, 2003; Parsons et
al., 2006) with low structural heterogeneity (Dow, 1977) and have also been negatively
associated with small birds in urban backyards (Parsons et al., 2006). The presence of Noisy
Miners in city parks may be an important determinant of bird assemblages and could
confound other social or ecological factors that may influence how birds use city parks.
Although there was no evidence of this in our study, it is a possibility warranting further
research.
3.4.4 Bird model results
Income was not a good predictor of bird species richness or abundance, in contrast to some
previous studies (Kinzig et al., 2005). Dwelling density increased and the amount of UGS in
the urban matrix decreased closer to Sydney’s CBD (Appendix B.7). This greater
urbanisation intensity was weakly positively related to the higher abundance of a few bird
species, as has been shown elsewhere (Melles et al., 2003; Chace and Walsh, 2006; Husté et
al., 2006; Evans et al., 2009). Dwelling density and vegetation characteristics in the urban
matrix might influence the types of bird guilds (Hodgson et al., 2007) or native bird species
(van Heezik et al., 2008) that can utilise city parks.
In our study, older sites (located in denser neighbourhoods) had higher bird
abundance and lower bird species richness. High bird abundance in older sites located in high
density areas may reflect a longer time scale of anthropogenic activity acting on the site. For
example, higher human visitation rates have been associated with increased bird abundance
(Zhou and Chu, 2012), possibly through factors such people feeding birds (e.g. Fuller et al.,
2008). A decline in bird species richness with site age is in contrast to the results of
Fernández-Juricic (2000) who found that bird richness positively correlated with site age. A
possible explanation for this disparity between results is that the sites we investigated were
restored sites, meaning age may not necessarily improve the ecological value of the
vegetation (e.g. increase nesting hollows).
While only weakly supported, we found that bird species richness increased with site
size and a greater variety of leaf sizes. Greater site size, plant species richness and structural
heterogeneity have frequently been linked to higher bird species richness (Husté et al., 2006;
Evans et al., 2009; Zhou and Chu, 2012; Nielsen et al., 2014). While we do not suggest
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highly correlated variables are exactly the same, in our study, greater variety of leaf sizes was
positively correlated with a sites plant species richness and structural heterogeneity (r =
0.61). Hence, greater variation in leaf size may reflect a greater diversity of plant species and
habitat complexity (i.e., structural heterogeneity) across city park sites.
The strongest support for bird species richness was shown for the ecological models
including the landscape scale factors distance to the CBD and distance to fresh water. This
contrasts with findings by Kinzig et al. (2005) who reported augmentation of traditional ruralurban gradients (i.e., distance to the CBD) with socio-economic factors (such as income and
dwelling density) improved understanding of urban biodiversity patterns. However, our
results did support Kinzig et al. (2005) to the extent that supplementing environmental factors
(distance to the central business district and percentage groundcover concrete) with social
factors (age of a city park), resulted in a social-ecological model being the best predictor of
bird abundance.
3.4.5 Recommendations for city park management and maintenance
Interestingly, the six rare city parks highest in plant species richness were all ‘co-managed’
with input from local citizen groups (e.g. ‘bush care groups’, ‘friends of the garden groups’ or
‘local precinct groups’). Co-management appeared to be associated with consistently higher
plant species richness compared to ‘council only’ managed sites. This finding aligns with
Andersson et al. (2007) who reported co-management of allotment gardens increased
abundance of pollinators, compared to city parks managed by council only. It is possible that
when local citizens are actively engaged in management, city parks may be more ecologically
complex (e.g. contain less turf and higher greater structural heterogeneity, canopy cover and
plant abundance – not just higher plant species richness (see Appendix B.7)). This important
possibility requires further investigation.
Different maintenance techniques likely have some role to play in dictating the ecological
complexity of city parks over time (e.g. biodiversity, structural heterogeneity, percent canopy
cover). Managing city parks to promote higher percent coverage of amenity plantings and/or
bushland habitats (e.g. garden beds) will clearly go a long way towards increasing structural
heterogeneity and percent canopy cover of city parks compared to mown turf land. While
biodiversity will likely be increased by introducing more garden beds, it is important to note a
limitation of our study was that we assumed a monoculture in all turf habitats (i.e., mown
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lawn was counted as one species). However, urban lawns may in fact range in floristic
diversity, for example, between 1 – 24 herbaceous species (Bertoncini et al., 2012).
Maintenance budgets (e.g. amount of money spent per city park hectare), horticultural
knowledge and skills of maintenance personnel (e.g. species identification, planting, pruning,
wedding, mulching, hedging) would likely increase as a result of maintaining large areas of
garden beds compared to mowing turf. Perhaps one explanation as to why local citizen input
to city park management aligned consistently with high plant species richness across our sites
is that local citizens input volunteer labour time (e.g. maintenance such as weeding and
planting) and specialist knowledge (e.g. species identification and plant propagation skills).
While budgets per/ha were not available for the city parks we investigated, maintenance
budgets and volunteer input from local citizen groups are important factors warranting further
investigation into their potential role in promoting greenspace biodiversity.
Local citizen input to city park management may be a highly valuable resource for
local councils. Allowing local citizen input to overarching landscape management
plans/policies (e.g. citizen management committees) and ongoing maintenance of city parks
(e.g. working bees, plant propagation nurseries, and bush regeneration) seems an
advantageous approach for local councils. Perhaps more importantly, local citizens could
actively input to the type of ecology (e.g. biodiversity, structural heterogeneity) they find
more pleasant in city parks, which may be highly variable across citizen groups relative to
their preferences and attitudes (Özgüner and Kendle, 2006).
3.5

Conclusions

We have shown that city parks represent highly modified urban environments that can vary
markedly along gradients of ecological complexity from high to low. Due to intensive
anthropogenic management of the urban matrix, predicting the floristic and avian
assemblages of city parks is confounded by a range of factors not typical to the usual drivers
(e.g. size, heterogeneity) of ecological communities in other ‘pristine landscapes’ or urban
greenspaces (e.g. remnant vegetation).
Soil type may be a factor that contributes to predicting plant species richness in city
parks, but we did not consider this factor because most urban soil profiles are highly
disturbed or entirely artificial, consisting of compacted layers of clay and sand, and
containing higher levels of organic carbon, calcium and phosphorous than undisturbed soil
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profiles (Benson and Howell, 1990; 1994). Nevertheless, the influence of soil type on the
ecological characteristics of city parks warrants further attention.
Environmental variables within a site and across the broader landscape were the main
drivers of bird species richness, rather than social variables such as site age and household
income, as has been found in other studies (Kinzig et al., 2005; Fuller et al., 2008; Luck et al.,
2012). Co-management arrangements between local citizen groups and councils appeared to
have a strong influence on the plant communities of particular city park sites, increasing
species richness and abundance (Andersson et al., 2007). This is a very important
consideration for future management of urban greenspaces that aim to improve both human
and environmental health outcomes, given recent evidence that ecologically diverse UGS
may improve the psychological well-being of greenspace users (Fuller et al., 2007; Carrus et
al., 2015) (but see Luck et al., 2011; Dallimer et al., 2012; Konijnendijk et al., 2013).
Given the scarcity of the ‘rare parks’ identified in our study, councils should
implement policies that protect not only their biodiversity, but also their cumulative
ecological qualities (inclusive of ‘exotic’ vegetation) until further investigation into how
varying ecological characteristics influence park user wellbeing can be carried out.
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B.1: Classification of three different types of urban greenspace provided by local municipal councils in Sydney, Australia .

Notes: Formal recreation greenspace: (top to bottom) Allambie Tennis Courts, Narrabeen Sports Center, Manly Oval. Passive recreation greenspace: (top – left to right)
E.G.Waterhouse Garden, E.G Waterhouse Garden, Alison Park; (middle – left to right) Yeo Park, Wentworth Park, Belmore Park; (bottom – left to right) Sydnham Green,
Lisgar Garden, Stony Range Botanic Garden. Conservation greenspace: (top to bottom) walking trails along Sydney Harbour National Park sites. Photo credit – Author.

149

B.2: Site details of the n = 30 passive recreation greenspaces (i.e., City Parks) included in our study
Site name
Suburb
Canopy
Latitude
Longitude
Management
Designated Size (ha)
Access Dogs Model
Morton Park
Lewisham
1
-33.89891
151.14645
Council only
1979
1.16
UA
Y
I
Eastlakes Reserve
Eastlakes
1
-33.92510
151.21010
Council only
1966
1.35
UA
Y
I
Camperdown Memorial Rest Park
Camperdown
1
-33.89400
151.17890
Council only
1948
3.24
UA
Y
A
Sydenham Green
Sydenham
1
-33.91675
151.16820
Council only
1990
2.19
UA
Y
A
Enmore Park
Enmore
1
-33.90430
151.16970
Council only
1886
4.21
UA
Y
I/M
Yeo Park
Ashfield
1
-33.90110
151.13030
Council only
1925
3.74
UA
Y
A/M
Wentworth Park
Ultimo
1
-33.87857
151.19392
Council only
1885
2.89
UA
Y
A
St Thomas Rest Park
Crows Nest
2
-33.82393
151.20621
Citizen input
1974
2.01
UA
Y
I/M
Wahroonga Park
Wahroonga
2
-33.71630
151.11730
Council only
1929
1.97
UA
Y
I/M
Maundrell Park
Petersham
2
-33.89570
151.15920
Council only
1935
0.63
UA
Y
I
Alison Park
Randwick
2
-33.91190
151.24040
Council only
1876
1.83
UA
Y
I/M
Robert Pymble Park
Pymble
2
-33.74270
151.14160
Council only
1928
2.05
UA
N
I
Brenan Park
Wollstonecraft
2
-33.83465
151.19821
Council only
1932
2.19
UA
Y
I
Pioneers Memorial Park
Leichhardt
2
-33.87860
151.15750
Council only
1941
4.50
UA
Y
I
Woolgoolga Reserve
Seaforth
2
-33.78522
151.24657
Council only
1951
0.69
UA
Y
I
Forest Park
Epping
3
-33.77520
151.08490
Council only
1913
1.57
UA
Y
A
Weekely Park
Stanmore
3
-33.89119
151.16547
Council only
1922
0.57
UA
Y
I
Roseville Park
Roseville
3
-33.77680
151.18080
Council only
1918
1.83
UA
Y
A/M
Wynyard Park
Sydney
3
-33.86556
151.20601
Council only
1887
0.70
UA
Y
I
Beauchamp Park
Chatswood
3
-33.79050
151.18730
Citizen input
1899
2.21
UA
Y
A
Mascot Memorial Park
Mascot
3
-33.92600
151.19400
Council only
1920
2.03
UA
Y
I/M
Cook and Phillip Park
Woolloomooloo
3
-33.87277
151.21433
Council only
1999
2.12
UA
Y
A/M
Belmore Park
Haymarket
3
-33.88121
151.20752
Council only
1868
2.20
UA
Y
I
Harbourview Park
Woollahra
4
-33.88830
151.24720
Citizen input
1900
0.82
UA
Y
I
Thomas Hogan Reserve
Bondi
4
-33.88890
151.26290
Council only
1915
1.28
UA
Y
I/M
Swain Garden
Lindfield
4
-33.76726
151.17198
Citizen input
1979
1.93
RA
Y
A
Stony Range Botanic Garden
Dee Why
4
-33.75778
151.28301
Citizen input
1961
3.30
RA
N
I/M
Ivanhoe Park Botanic Garden
Manly
4
-33.79566
151.28177
Citizen input
1887
1.70
UA
Y
A/M
E. G. Waterhouse Garden
Caringbah
4
-34.04255
151.11243
Citizen input
1970
2.44
RA
N
A/M
Lisgar Garden
Hornsby
4
-33.70516
151.08948
Citizen input
1967
2.60
RA
Y
A
Notes: Canopy: 1 = 0-24%; 2 = 25-49%; 3 = 50-74%; 4 = 75-100%. Management: council only = sites managed with no input from local citizen groups; citizen input = sites
managed with input from local citizen groups (e.g. ‘friends of the garden’ committees, bush regeneration groups, precinct groups, rotary clubs etc. Designated: refers to the year a
site was formally gazetted as a publicly accessible greenspace. Access: UA = unrestricted access; RA = restricted access (e.g. ‘gated’ parks opened during daylight hours). Dogs: Y
= dogs allowed at the site; N = no dogs allowed at the site. Model: I = a greenspace that is independent of other greenspace; A = a park/garden adjacent to another greenspace (e.g.
an oval, golf course or remnant patch of bushland); M = a greenspace with multiple uses within the site (e.g. a swimming complex, community hall or school).
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B.3: Qualities of UGS used to inform site selection (adapted from Hunter & Luck, 2015)
UGS quality

Influence on greenspace site selection

Physical features

Sites were all between 0.5 – 5 ha in size.

Biotic

Planning concept

Access

Percent canopy cover, a biotic quality, was used to stratify sites into
canopy cover quartiles (0-24%; 25-49%; 50-74%; 75-100%).
All sites were zoned for passive recreation (i.e., no formal recreation or
conservation greenspaces; see B.1).
All sites were publicly accessible either all the time or during daylight
hours only.
All sites were managed by local council. However, some sites were co-

Management

managed with input or maintenance from local citizen groups (e.g.
‘Friends of Lisgar Garden’, precinct groups or bushcare groups).

Ownership
Spatial
Abiotic
Recreation

Governance

Designation

All parks were owned by a government department (i.e., public land).
All parks were located at least 1km apart to maintain spatial
independence.
No site had ‘significant’ water views (e.g. ocean or harbour parks).
Passive recreation sites were selected – meaning activities such as ball
sports, rollerblading, skateboards and dogs were banned in some sites.
All sites were governed by local council and appropriate planning
instruments.
All sites were formally recognised by planning departments and
designated on town plans. No informal greenspaces were selected.
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B.4: Showing examples of how sites were stratified by percent canopy cover categories

Stony Range Botanic Garden: 75-100% canopy
cover

Beauchamp Park: 50-74% canopy cover

Brenan Park: 25 – 49% canopy cover

Enmore Park: 0-24% canopy cover

Note: Map Data Sourced from Google Maps: Imagery ©2014 DigitalGlobe, Sinclair Knight Merz,
Data SIO, NOAA, U.S. Navy, NGA, GEBCO, Landsat, Map data © 2014 Google.
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B.5: Additional study area details
Sydney is located in New South Wales (NSW), Australia. At June 2013, the Australian
Bureau of Statistics (ABS, 2015) estimated approximately 4.7 million people lived in
‘Greater Sydney’ – comprised of 45 local government areas (LGAs) including some
primarily rural LGAs (e.g. Blue Mountains, Wyong, The Hawkesbury). Rural LGAs were
excluded from our study area because our focus was on urban greenspace (UGS).
Sydney’s largest population increases over the 2012-2013 period occurred in the
western suburbs of Parramatta and Parklea, inner western suburbs of Homebush Bay and
Concord West, and the Eastern suburb of Kingsford (ABS, 2015). However; inner city urban
consolidation has resulted in some of the most densely populated areas being inner-city
suburbs directly adjacent to the Central Business District. For example, 2013 data showed
Pyrmont (Ultimo) and Potts Point (Woolloomooloo) hosted 14,300 ppl/km2 and 13,600
ppl/km2, respectively, compared to Sydney’s average population density of 380 ppl/km2
(ABS, 2015).
Despite rapid urbanisation, remnant vegetation still exists close to the centre of
Sydney. The Port Jackson Harbour region contains a National Park network consisting of
areas protected from development such as North Head, Dobroyd Head, Middle Head and
Bradleys Head. Sydney city is encompassed by the Sydney Basin Bioregion – a 3,624,008ha
geological basin consisting of Permian and Triassic age sandstone and shale overlying the
Lachlan Fold Belt (Office of Environment and Heritage, 2011). Sydney Basin is one of the
most biodiverse regions in Australia, owing to the varied geology, topography and climate
producing many different vegetation communities (Office of Environment and Heritage,
2011). Sydney’s coastal location, teamed with Wianamatta Shale and Hawkesbury Sandstone
bedrock, give rise to vegetation communities dominated by unique species assemblages such
as coastal forests, Hawkesbury Sandstone plateaus, rainforest communities, tall forests, dry
lowland environments and riparian vegetation (Office of Environment and Heritage, 2011).
See Benson and Howell (1994) for further details of Sydney’s vegetation.
Mean annual climate statistics for the Sydney area are as follows: max and min
temperatures of 21.7 °C and 13.8 °C, respectively; 1213.2 mm of rainfall; and, 143.8 rain
days (Australian Bureau of Meteorology, 2015). In 2013, when all fieldwork was completed,
the Bureau of Meteorology reported Australia’s warmest year on record since national
records commenced in 1910. The 2013 average maximum and minimum temperatures for
Sydney were 22.1 °C and 14.2 °C respectively, with Sydney recording its highest temperature
on record (45.8 °C) on January 18th (Australian Bureau of Meteorology, 2014).
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B.6: Ecological characteristics measured at each city park site
PLANT SAMPLING USING QUADRATS
Variable
Sampling
Materials
Methods
1. Woody
14 randomly placed
40 m of string
Quadrats laid out according
species
10 x 10m quadrats
marked at five
to map. All woody species
richness
were laid using aerial meter intervals,
≥10cm were identified and
maps, a transparent
plant identification recorded. Where necessary,
grid overlay and a
books, stakes, and
samples and pictures were
random number
mallet. Data sheet. taken for later identification.
generator.
2. Woody
As for 1.
As for 1. Data
Abundance of all woody
abundance
sheet.
species ≥10cm were
recorded.
3. Herbaceous Two randomly placed 1 x 1 m PVC pipe
All herbaceous species
species
1 x 1m quadrats were square quadrat with located within the 1m2
richness
laid within each 10 x
cross hatched rope quadrat were recorded.
10m woody quadrat
at 5cm intervals.
Where necessary, samples
using an x,y
Data sheet.
and pictures were taken for
coordinate system and
later identification. Turf
random number
(i.e., mown grass) was not
generator.
considered an herbaceous
species.
4. Herbaceous As for 3.
As for 3. Data
Abundance of each
abundance
sheet.
herbaceous species was
recorded by counting ‘hits’
(i.e., touching plants) on
cross hatched string.
5. Woody
Length and width of
As for 1 (to select
A series of rules and codes
Traits
up to three specimens sample area). Tape were developed for
was taken for each
measure. Data
sampling leaf, flower, cone
- leaf
species. Colour and
sheet.
and fruit traits. For example,
- flower
percent
cover
of
the
an inflorescence (e.g. a
- cone
organism
was
also
daisy) was counted as one
- fruit
recorded for each trait.
flower; a compound leaf
(e.g. a fern frond) was
measured as one leaf instead
of individual leaflets.
6. Herbaceous As for 5.
As for 3 (to select
A series of rules and codes
traits
sample area). Tape were developed for
measure. Data
sampling leaf, flower and
- leaf
sheet.
fruit traits. See above (5.)
- flower
for examples.
- fruit
7. Habitat
As for 1 above
40m of string
Percent coverage of
type.
marked at 5m
quadrats (n = 14) by each
Turf, habitat
intervals; stakes,
habitat type was estimated
(amenity
mallet. Data sheet. ocularly during field
planting
sampling and confirmed by
and/or
two researchers.
bushland)
concrete; other
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man-made
surface.
Variable
8. Percent
canopy cover

9. Structural
heterogeneity

10. Ground
cover

11. Vertical
canopy space
(maximum
canopy height
minus minimum
canopy height).

Variable
12. Point counts
(100m radius)

PLANT SAMPLING USING TRANSECTS
Sampling
Materials
Methods
Three randomly
50m retractable
Canopy cover was
placed 50m transects
measuring tape,
recorded by counting ‘hits’
were laid using aerial tent peg to secure
of canopy on the cross
maps, protractor and
start point, convex hatched mirror of a convex
random number
densitometer, data
densitometer. Maximum
generator. Recordings sheet.
yield of 37 hits. Hits were
were taken at each 2m
converted to percent
interval (i.e., 25
canopy cover.
recordings per
transect).
As for 8 above.
50m retractable
Vegetation obstructing the
measuring tape,
A3 matrix grid was
tent peg to secure
recorded as ‘hits’ between
start point, 2.1m
height classes (0 – 2.1
height pole, A3
meters) at 30cm intervals.
matrix grid, data
Hits were converted to a
sheet. Method
percent vegetation cover
required two
per height class.
researchers.
As for 8 above
50m retractable
Groundcover type (turf,
measuring tape,
herbaceous, leaf litter,
tent peg to secure
concrete, synthetic, water)
start point, data
was recorded at each
sheet.
transect point.
As for 8 above
As for 9 above.
Maximum and minimum
canopy height (above
2.1m) was recorded at 2m
intervals along 50m
transects (i.e., 25
recordings per transect).
Height was estimated
ocularly and confirmed by
two researchers.
BIRD SAMPLING
Sampling
Materials
Methods
3 x 5 minute point
Bird identification
Point count start location
counts to a maximum book, 50m
was identified and distance
distance of 100m. As retractable tape
markers laid out. Over five
for 8 above. However, measure, distance
minutes, the number of
because sampling
markers, stakes,
individuals of each bird
occurred up to 100m, mallet, binoculars, species that moved into the
where point counts
stopwatch, data
sampling radius was
were within 100m of
sheet.
identified and recorded.
one another they were
Bird abundance was
moved to a minimum
corrected using species
distance of 100m
specific detection
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apart.
13. Timed active One active area
area search
search was conducted
in each site.
Minimum 10 minutes
and maximum 25 min
search using results
based stopping rule.

Bird identification
book, binoculars,
stopwatch, data
sheet.
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functions.
Active area search began
at the third point count
location. All habitats were
actively searched for
species sightings or calls
determined as within the
site boundary.

B.7: Pearson’s Correlation Matrix showing correlation coefficients between continuous variables.
INC

AGE

DWELL

%
UGS

PARK_S

TOP

LEAF_S

GC_
CONC

INC

1.00

AGE

0.03

1.00

DWELL

-0.24

0.27

1.00

% UGS

0.32

-0.13

-0.55

1.00

PARK_S

-0.16

-0.07

0.02

0.02

1.00

0.13

-0.07

0.07

0.34

0.08

1.00

-0.06

0.12

-0.03

0.34

-0.01

0.45

1.00

GC_CONC

0.27

-0.22

-0.27

0.03

-0.05

-0.01

0.38

1.00

D_CBD

TOP
LEAF_S

D_CBD

D_
COAST

D_
FRESH

PARK_
SR

CANOPY

SH

VCS

TURF

0.10

-0.26

-0.68

0.76

0.17

0.36

0.45

0.21

1.00

D_COAST

-0.10

-0.09

-0.50

0.58

0.09

0.03

0.10

-0.05

0.57

D_FRESH

-0.11

0.19

0.21

-0.28

-0.33

-0.22

-0.17

-0.15

-0.25

0.00

1.00

PARK_SR

0.05

-0.19

-0.16

0.33

0.09

0.71

0.61

0.31

0.51

-0.12

-0.34

1.00

CANOPY

0.27

0.12

-0.06

0.36

-0.23

0.66

0.49

.002

0.34

-0.01

-0.13

0.67

1.00

SH

0.08

-0.12

-0.16

0.36

-0.01

0.75

0.61

0.11

0.55

-0.03

-0.40

0.87

0.81

1.00

VCS

0.23

-0.06

-0.15

0.45

-0.07

0.71

0.43

0.23

0.52

0.23

-0.26

0.65

0.74

0.74

1.00

-0.11

0.14

0.08

-0.25

0.09

-0.69

-0.57

-0.39

-0.32

0.12

0.37

-0.92

-0.66

-0.81

-0.66

1.00

0.08

-0.16

-0.08

0.28

-0.05

0.72

0.58

0.35

0.36

-0.12

-0.38

0.95

0.67

0.84

0.67

-0.99

TURF
HABITAT

HABITAT

1.00

1.00

Notes: Bold indicates value ≥ 0.60. Values below the line are site scale variables, all of which are highly correlated with site plant species richness
(PARK_SR). INC = income ($); AGE = site age (years); DWELL = dwelling density 1km radius; %UGS = percent cover of urban greenspace in 1km radius
of the site; PARK_S = site size (hectares); TOP = topography (max altitude – minimum altitude); LEAF_S = mean leaf size (cm); CG_CONC = percent
groundcover concrete; D_CBD = distance to Central Business District (m); D_COAST = distance to coast (m); D_FRESH distance to freshwater (m);
PARK_SR = combined woody and herb plant species richness per site; CANOPY = percentage of canopy cover per site; SH = plant structural heterogeneity;
VCS = vertical canopy space; TURF = percentage of site that is turf; HABITAT = percentage of site that is amenity plantings and/or bushland (i.e., not turf,
concrete or another man-made surface).
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B.8. Separate social and ecological models predicting variation in plant and bird species
richness and abundance across city park sites in Sydney, Australia (full tables). Bracketed
values represent parameter estimates and associated confidence intervals (CIs) for each
variable.
Plant species richness models

AICC

Δi
AICC

SOCIAL PREDICTORS
AGE (-0.012, -0.033 – 0.010)
137.36
0.00
DWELL (-0.023, -0.075 – 0.028)
137.71
0.34
INC (0.000, -0.001 – 0.002)
138.39
1.03
AGE (-0.010, -0.032 – 0.012) + DWELL (-0.017,
139.64
2.28
-0.017 – 0.036)
INC_Q (-1.551E-006, -4.273E-006 – 1.171E-006) +
139.85
2.48
INC (0.006, -0.004 – 0.017)
INC (0.000, -0.001 – 0.002) + AGE (-0.012, -0.033 –
139.93
2.57
0.010)
INC (7.918E-005, -0.002 – 0.002) + DWELL (-0.023,
140.38
3.01
-0.076 – 0.030)
INC (0.000, -0.002 – 0.002) + AGE (-0.010, -0.032 –
142.51
5.15
0.012) + DWELL (-0.016, -0.070 – 0.039)
ENVIRONMENTAL PREDICTORS
TOP (0.203, 0.131 – 0.275)
117.47
0.00
%UGS (0.015, -0.024 – 0.054) + TOP (0.193, 0.117 –
119.58
2.11
0.269)
TOP (0.202, 0.130 – 0.275) + PARK_S (0.290, -2.043
120.09
2.62
– 2.622)
%UGS (0.015, -0.024 – 0.054) + TOP (0.192, 0.116 –
122.42
4.94
0.269) + PARK_S (0.296, -2.014 – 2.607)
%UGS (0.049, -0.001 – 0.098)
134.96
17.49
%UGS (0.048, -0.001 – 0.097) + PARK_S (0.748,
137.42
19.94
-2.356 – 3.852)
PARK_S (0.810, -2.481 – 4.100)
138.25
20.77
Δi
Plant abundance models
AICC
AICC
SOCIAL PREDICTORS
DWELL (0.003, -0.008 – 0.015)
46.43
0.00
AGE (-0.001, -0.006 – 0.004)
46.55
0.12
INC (3.458E-005, 0.000 – 0.000)
46.74
0.31
INC_Q (-2.650E-007, -8.604E-007 – 3.304E-007) +
48.66
2.24
INC (0.001, -0.001 – 0.003)
AGE (-0.002, -0.006 – 0.003) + DWELL (0.004,
48.68
2.25
-0.007 – 0.016)
INC (6.448E-005, 0.000 – 0.000) + DWELL (0.004,
48.99
2.57
-0.008 – 0.015)
INC (3.738E-005, 0.000 – 0.000) + AGE (-0.001,
49.19
2.76
-0.006 – 0.004)
INC (7.794E-005, 0.000 – 0.000) + AGE (-0.002,
51.42
4.99
-0.007 – 0.003) + DWELL (0.005, -0.007 – 0.017)
ENVIRONMENTAL PREDICTORS
TOP (0.038, 0.021 – 0.056)
32.41
0.00
%UGS (-0.003, -0.013 – 0.006) + TOP (0.040, 0.022
34.67
2.26
– 0.059)
TOP (0.038, 0.021 – 0.056) + PARK_S (-0.068,
35.03
2.62
-0.633 – 0.497)
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wi

χ2

Pvalue

0.28
0.23
0.16
0.09

1.11
0.77
0.08
1.51

0.291
0.380
0.772
0.470

0.08

1.31

0.520

0.08

1.22

0.543

0.06

0.78

0.677

0.02

1.54

0.673

0.59

21.01

<0.001

0.20

21.58

<0.001

0.16

21.06

<0.001

0.05

21.64

<0.001

0.00

3.52

0.061

0.00

3.74

0.154

0.00

0.23

wi

χ2

0.630
Pvalue

0.25
0.23
0.21

0.34
0.22
0.03

0.558
0.638
0.857

0.08

0.78

0.676

0.08

0.77

0.681

0.07

0.45

0.798

0.06

0.26

0.878

0.02

0.93

0.819

0.60

14.36

<0.001

0.19

14.78

0.001

0.16

14.42

0.001

%UGS (-0.003, -0.013 – 0.006) + TOP (0.041, 0.022
– 0.059) + PARK_S (-0.069, -0.631 – 0.492)
%UGS (0.004, -0.007 – 0.015)
PARK_S (0.031, -0.685 – 0.747)
%UGS (0.004, -0.007 – 0.015) + PARK_S (0.026, 0.685 – 0.737)
Bird species richness models

37.51

5.10

0.05

14.83

0.002

46.31
46.76

13.90
14.35

0.00
0.00

0.46
0.01

0.498
0.933

48.98

16.57

0.00

0.47

0.792

AICC

Δi
AICC

wi

χ2

Pvalue

SOCIAL PREDICTORS
AGE (-0.003, -0.008 – 0.001)
42.47
0.00
0.31 2.13
DWELL (-0.006, -0.016 – 0.005)
43.58
1.11
0.18 1.02
INC (0.000, 0.000 – 0.000)
44.15
1.68
0.13 0.44
AGE (-0.003, -0.007 – 0.002) + DWELL
44.70
2.23
0.10 2.58
(-0.004, -0.015 – 0.007)
INC (0.000, 0.000 – 0.000) + AGE (-0.003, -0.008 –
44.73
2.26
0.10 2.54
0.001)
INC_Q (-3.873E-007, -9.480E-007 – 1.733E-007) +
45.05
2.58
0.08 2.22
INC (0.001, -0.001 – 0.004)
INC (0.000, -0.001 – 0.000) + DWELL (-0.007, 45.36
2.89
0.06 1.91
0.018 – 0.004)
INC (0.000, -0.001 – 0.000) + AGE (-0.003, -0.007 –
46.88
4.41
0.02 3.29
0.002) + DWELL (-0.005, -0.016 – 0.006)
ENVIRONMENTAL PREDICTOR VARIABLES – SITE SCALE
PARK_S (0.643, 0.054 – 1.231) + LEAF_S (0.316,
37.65
0.00
0.22 9.62
0.079 – 0.553)
PARK_SR (0.081, 0.017 – 0.146) + PARK_S
38.26
0.61
0.16 9.01
(0.571, -0.026 – 1.168)
PARK_S (0.607, 0.032 – 1.182) + TOP (0.013, -0.007
38.88
1.23
0.12 11.29
– 0.033) + LEAF_S (0.237, -0.021 – 0.496)
PARK_SR (0.087, 0.019 – 0.155)
38.91
1.26
0.12 5.69
PARK_S (0.581, -0.023 – 1.186) + TOP (0.022, 0.003
39.06
1.41
0.11 8.21
– 0.040)
LEAF_S (0.314, 0.060 – 0.568)
39.24
1.59
0.10 5.36
TOP (0.023, 0.003 – 0.043)
39.74
2.09
0.08 4.86
TOP (0.015, -0.006 – 0.037) + LEAF_S (0.224, 39.99
2.34
0.07 7.28
0.052 – 0.500)
PARK_S (0.637, -0.015 – 1.289)
41.14
3.49
0.04 3.46
ENVIRONMENTAL PREDICTOR VARIABLES – LANDSCAPE SCALE
D_CBD (3.696E-005, 1.338E-005 – 6.054E-005) +
33.95
0.00
0.40 13.32
D_FRESH (0.000, 0.000 – 1.054E-005)
D_CBD (4.256E-005, 1.848E-005 – 6.663E-005)
34.50
0.55
0.30 10.10
D_CBD (3.332E-005, 4.163E-006 – 6.247E-005) +
D_COAST (1.695E-005, -6.324E-005 – 9.714E-005)
36.68
2.73
0.10 13.49
+ D_FRESH (0.000, 0.000 – 6.067E-006)
D_CBD (4.203E-005, 1.270E-005 – 7.137E-005) +
37.17
3.22
0.08 10.10
D_COAST (2.598E-006, -8.078E-005 – 8.598E-005)
D_COAST (7.114E-005, 1.269E-006 – 0.000) +
38.42
4.47
0.04 8.85
D_FRESH (0.000, 0.000 – -5.305E-005)
D_FRESH (0.000, 0.000 – -4.050E-005)
39.48
5.53
0.03 5.11
%UGS (0.007, -0.003 – 0.017) + D_FRESH (0.000,
40.32
6.36
0.02 6.95
0.000 – 8.566E-007)
%UGS (0.010, 0.000 – 0.020)
41.23
7.27
0.01 3.37
%UGS (0.002, -0.011 – 0.014) + D_COAST (6.363E005, -2.366E-005 – 0.000) + D_FRESH (0.000, 0.000 41.24
7.29
0.01 8.93
– -3.144E-005)
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0.145
0.313
0.507
0.276
0.281
0.330
0.384
0.349

0.008
0.011
0.010
0.017
0.016
0.021
0.028
0.026
0.063
0.001
0.001
0.004
0.006
0.012
0.024
0.031
0.066
0.030

D_COAST (7.087E-005, -6.030E-006 – 0.000)
%UGS (0.007, -0.006 – 0.019) + D_COAST
(4.249E-005, -4.991E-005 – 0.000)

41.50

7.54

0.01

3.10

0.078

43.10

9.15

0.00

4.17

0.124

Bird abundance models

AICC

Δi
AICC

wi

χ2

Pvalue

SOCIAL PREDICTORS
AGE (0.003, 0.000 - 0.005)
12.85
0.00
0.31 3.89
DWELL (0.006, 0.000 – 0.013)
13.60
0.75
0.21 3.14
AGE (0.002, 0.000 – 0.005) + DWELL (0.005, -0.002
13.65
0.79
0.21 5.77
– 0.011)
INC (-5.672E-005, 0.000 – 0.000) + AGE (0.003,
15.26
2.41
0.09 4.16
0.000 – 0.000)
INC (-2.748E-006, 0.000 – 0.000) + DWELL (0.006,
16.27
3.42
0.06 3.14
-0.001 – 0.013)
INC (-2.084E-005, 0.000 – 0.000) + AGE (0.002,
16.51
3.66
0.05 5.81
0.000 – 0.005) + DWELL (0.004, -0.002 – 0.011)
INC (-4.985E-005, 0.000 – 0.000)
16.55
3.70
0.05 0.18
INC_Q (1.967E-007, -1.610E-007 – 5.544E-007) +
18.09
5.24
0.02 1.32
INC (-0.001, -0.002 – 0.001)
ENVIRONMENTAL PREDICTOR VARIABLES – SITE SCALE
TOP (-0.012, -0.024 – 0.001)
13.76
0.00
0.19 2.98
TOP (-0.012, -0.024 – 0.001) + GC_CONC (0.010, 13.85
0.09
0.18 5.57
0.002 – 0.022)
GC_CONC (0.010, -0.003 – 0.023)
14.38
0.62
0.14 2.36
PARK_S (-0.209, -0.617 – 0.199) + TOP (-0.011,
15.44
1.68
0.08 3.98
-0.024 – 0.002)
PARK_SR (-0.030, -0.077 – 0.016) + GC_CONC
15.46
1.70
0.08 3.96
(0.013, 0.000 – 0.026)
PARK_S (-0.237, -0.663 – 0.188)
15.57
1.81
0.08 1.17
PARK_S (-0.193, -0.584 – 0.199) + TOP (-0.011, 15.83
2.07
0.07 6.49
0.023 – 0.001) + GC_CONC (0.010, -0.002 – 0.022)
PARK_S (-0.221, -0.632 – 0.189) + GC_CONC
15.96
2.20
0.06 3.46
(0.010, -0.003 – 0.022)
PARK_SR (-0.016, -0.063 – 0.031)
16.29
2.53
0.05 0.45
PARK_SR (-0.028, -0.074 – 0.018) + PARK_S (0.194, -0.598 – 0.209) + GC_CONC (0.012, -0.001 –
17.48
3.72
0.03 4.84
0.025)
PARK_SR (-0.014, -0.060 – 0.032) + PARK_S
17.90
4.14
0.02 1.52
(-0.226, -0.651 – 0.199)
ENVIRONMENTAL PREDICTOR VARIABLES – LANDSCAPE SCALE
D_CBD (-1.705E-005, -3.389E-005 – -2.126E-007)
13.04
0.00
0.34 3.70
%UGS (-0.005, -0.012 – 0.002)
14.71
1.67
0.15 2.03
D_CBD (-1.878E-005, -3.601E-005 – -1.556E-006) +
15.11
2.07
0.12 4.31
D_FRESH (-5.204E-005, 0.000 – 7.848E-005)
D_COAST (-2.792E-005, -7.783E-005 – 2.199E-005) 15.56
2.52
0.10 1.18
D_CBD (-1.698E-005, -3.750E-005 – 3.536E-006) +
15.71
2.68
0.09 3.70
D_COAST (-3.408E-007, -5.865E-005 – 5.797E-005)
D_FRESH (-1.617E-005, 0.000 – 0.000)
16.68
3.65
0.05 0.06
%UGS (-0.006, -0.012 – 0.001) + D_FRESH
16.93
3.89
0.05 2.49
(-4.693E-005, 0.000 – 8.867E-005)
%UGS (-0.004, -0.012 – 0.004) + D_COAST
17.27
4.24
0.04 2.14
(-1.043E-005, -7.052E-005 – 4.965E-005)
D_CBD (-1.965E-005, -4.101E-005 – 1.698E-006) +
D_COAST (4.061E-006, -5.466E-005 – 6.278E-005)
17.99
4.95
0.03 4.32
+ D_FRESH (-5.374E-005, 0.000 – 7.904E-005)
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0.049
0.076
0.056
0.125
0.208
0.122
0.668
0.516
0.084
0.062
0.124
0.137
0.138
0.279
0.090
0.177
0.505
0.184
0.469
0.054
0.154
0.116
0.278
0.157
0.815
0.289
0.342
0.229

D_COAST (-2.790E-005, -7.776E-005 – 2.196E-005)
18.18
5.14
0.03 1.23
0.540
+ D_FRESH (-1.594E-005, 0.000 – 0.000)
%UGS (-0.005, -0.014 – 0.004) + D_COAST
(-6.393E-006, -6.744E-005 – 5.465E-005) +
19.79
6.75
0.01 2.53
0.471
D_FRESH (-4.390E-005, 0.000 – 9.467E-005)
AICC = Akaike’s information criterion corrected for small sample sizes, Δi = difference in AICC values,
wi = AICC weights, and χ2 = the likelihood ratio chi-square, which represents the change in deviance
between the fitted model and the constant only model. All estimates and their CIs were rounded to 3
decimal places. See Table 3.1 for modelling codes.
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B.9. Combined social-ecological, social only and ecological only models predicting variation
in plant and bird species richness and abundance across city park sites in Sydney, Australia
(full tables). Bracketed values represent parameter estimates and associated confidence
intervals (CIs) for each variable.
Plant species richness models
TOP (0.203, 0.131 – 0.275)
DWELL (-0.030, -0.065 – 0.005) + TOP
(0.207, 0.138 – 0.276)
AGE (-0.009, -0.024 – 0.006) + TOP
(0.200, 0.129 – 0.271)
%UGS (0.015, -0.024 – 0.054) + TOP
(0.193, 0.117 – 0.269)
DWELL (-0.034, -0.070 – 0.002) + INC
(0.000, -0.002 – 0.001) + TOP (0.211,
0.142 – 0.280)
DWELL (-0.027, -0.063 – 0.010) + AGE
(-0.006, -0.021 – 0.010) + TOP (0.205,
0.136 – 0.274)
INC (0.000, -0.001 – 0.001) + TOP
(0.205, 0.132 – 0.277)
TOP (0.202, 0.130 – 0.275) + PARK_S
(0.290, -2.043 – 2.622)
AGE (-0.008, -0.023 – 0.007) + INC
(0.000, -0.001 – 0.001) + TOP (0.202,
0.130 – 0.273)
%UGS (0.015, -0.024 – 0.054) + TOP
(0.192, 0.116 – 0.269) + PARK_S (0.296,
-2.014 – 2.607)
AGE (-0.005, -0.020 – 0.010) + DWELL
(-0.030, -0.068 – 0.007) + INC (0.000, 0.002 – 0.001) + TOP (0.209, 0.139 –
0.278)
%UGS (0.049, -0.001 – 0.098)
AGE (-0.012, -0.033 – 0.010)
%UGS (0.048, -0.001 – 0.097) + PARK_S
(0.748, -2.356 – 3.852)
DWELL (-0.023, -0.075 – 0.028)
PARK_S (0.810, -2.481 – 4.100)
INC (0.000, -0.001 – 0.002)
AGE (-0.010, -0.032 – 0.012) + DWELL
(-0.017, -0.017 – 0.036)
INC_Q (0.006, -0.004 – 0.017) + INC
(1.551E-006, -4.273E-006 – 1.171E-006)
INC (0.000, -0.001 – 0.002) + AGE (0.012, -0.033 – 0.010)
INC (7.918E-005, -0.002 – 0.002) +
DWELL (-0.023, -0.076 – 0.030)
INC (0.000, -0.002 – 0.002) + AGE (0.010, -0.032 – 0.012) + DWELL (-0.016,
-0.070 – 0.039)
Plant abundance models
TOP (0.038, 0.021 – 0.056)

Model
type
E

117.47

Δi
AICC
0.00

S-E

117.47

S-E

0.23

Pvalue
21.01 <0.001

0.00

0.23

23.69 <0.001

118.93

1.47

0.11

22.22 <0.001

E

119.58

2.11

0.08

21.58 <0.001

S-E

119.78

2.31

0.07

24.27 <0.001

S-E

119.85

2.39

0.07

24.20 <0.001

S-E

120.05

2.59

0.06

21.10 <0.001

E

120.09

2.62

0.06

21.06 <0.001

S-E

121.76

4.29

0.03

22.30 <0.001

S-E

122.42

4.95

0.02

21.64 <0.001

S-E

122.52

5.06

0.02

24.68 <0.001

E
S

134.96
137.36

17.50
19.90

0.00
0.00

3.52
1.13

0.061
0.287

E

137.42

19.95

0.00

3.74

0.154

S
E
S

137.71
138.25
138.39

20.24
20.78
20.93

0.00
0.00
0.00

0.77
0.23
0.08

0.380
0.630
0.772

S

139.64

22.18

0.00

1.51

0.470

S

139.85

22.38

0.00

1.31

0.520

S

139.93

22.47

0.00

1.22

0.543

S

140.38

22.91

0.00

0.78

0.677

S

142.51

25.05

0.00

1.54

0.673

AICC

Δi
AICC
0.00

Model
type
E
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AICC

32.41

wi

wi
0.36

χ2

Pvalue
14.36 <0.001
χ2

%UGS (-0.003, -0.013 – 0.006) + TOP
(0.040, 0.022 – 0.059)
DWELL (0.038, 0.021 – 0.055) + TOP
(0.002, -0.007 – 0.011)
INC (-5.088E-005, 0.000 – 0.000) + TOP
(0.039, 0.021 – 0.056)
AGE (-0.001, -0.004 – 0.003) + TOP
(0.038, 0.021 – 0.056)
TOP (0.038, 0.021 – 0.056) + PARK_S (0.068, -0.633 – 0.497)
%UGS (-0.003, -0.013 – 0.006) + TOP
(0.041, 0.022 – 0.059) + PARK_S (-0.069,
-0.631 – 0.492)
DWELL (0.003, -0.007 – 0.012) + AGE (0.001, -0.005 – 0.003) + TOP (0.038,
0.020 – 0.055)
DWELL (0.002, -0.007 – 0.011) + INC (3.571E-005, 0.000 – 0.000) + TOP (0.038,
0.021 – 0.056)
AGE (-0.001, -0.004 – 0.003) + INC (4.916E-005, 0.000 – 0.000) + TOP (0.038,
0.021 – 0.056)
DWELL (0.002, -0.007 – 0.012) + AGE (0.001, -0.005 – 0.003) + INC (-2.828E005, 0.000 – 0.000) + TOP (0.038, 0.020 –
0.056)
%UGS (0.004, -0.007 – 0.015)
DWELL (0.003, -0.008 – 0.015)
AGE (-0.001, -0.006 – 0.004)
INC (3.458E-005, 0.000 – 0.000)
PARK_S (0.031, -0.685 – 0.747)
INC_Q (-2.650E-007, -8.604E-007 –
3.304E-007) + INC (0.001, -0.001 –
0.003)
AGE (-0.002, -0.006 – 0.003) + DWELL
(0.004, -0.007 – 0.016)
%UGS (0.004, -0.007 – 0.015) + PARK_S
(0.026, -0.685 – 0.737)
INC (6.448E-005, 0.000 – 0.000) +
DWELL ( 0.004, -0.008 – 0.015)
INC (3.738E-005, 0.000 – 0.000) + AGE
(-0.001, -0.006 – 0.004)
INC (7.794E-005, 0.000 – 0.000) + AGE
(-0.002, -0.007 – 0.003) + DWELL
(0.005, -0.007 – 0.017)
Bird species richness models
D_CBD (3.696E-005, 1.338E-005 –
6.054E-005) + D_FRESH (0.000, 0.000 –
1.054E-005)
D_CBD (4.256E-005, 1.848E-005 –
6.663E-005)
AGE (-0.001, -0.005 – 0.003) + D_CBD
(3.524E-005, 1.122E-005 – 5.927E-005) +
D_FRESH (0.000, 0.000 – 1.883E-005)

E

34.67

2.26

0.12

14.78

0.001

S-E

34.87

2.46

0.11

14.57

0.001

S-E

34.97

2.57

0.10

14.47

0.001

S-E

35.00

2.59

0.10

14.45

0.001

E

35.03

2.62

0.10

14.42

0.001

E

37.51

5.10

0.03

14.83

0.002

S-E

37.58

5.17

0.03

14.76

0.002

S-E

37.72

5.31

0.03

14.63

0.002

S-E

37.80

5.39

0.02

14.55

0.002

S-E

40.70

8.29

0.01

14.80

0.005

E
S
S
S
E

46.31
46.43
46.55
46.74
46.76

13.90
14.02
14.14
14.33
14.35

0.00
0.00
0.00
0.00
0.00

0.46
0.34
0.22
0.03
0.01

0.498
0.558
0.638
0.857
0.933

S

48.66

16.25

0.00

0.78

0.676

S

48.68

16.27

0.00

0.77

0.681

E

48.98

16.57

0.00

0.47

0.792

S

48.99

16.59

0.00

0.45

0.798

S

49.19

16.78

0.00

0.26

0.878

S

51.42

19.01

0.00

0.93

0.819

AICC

Δi
AICC

χ2

Pvalue

E

33.95

0.00

0.22

13.32

0.001

E

34.50

0.55

0.17

10.10

0.001

S-E

36.46

2.97

0.06

13.71

0.003

Model
type
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wi

AGE (-0.002, -0.006 – 0.002) + D_CBD
(3.983E-005, 1.519E-005 – 6.448E-005)
D_CBD (3.332E-005, 4.163E-006 –
6.247E-005) + D_COAST (1.695E-005, 6.324E-005 – 9.714E-005) + D_FRESH
(0.000, 0.000 – 6.067E-006)
AGE (-0.004, -0.007 – -0.000) + PARK_S
(0.605, 0.051 – 1.159) + LEAF_S (0.344,
0.120 – 0.568)
PARK_S (0.393, -0.170 – 0.956) +
LEAF_S (0.166, -0.073 – 0.404) +
D_CBD (2.810E-005, 3.141E-006 –
5.305E-005) + D_FRESH (0.000, 0.000 –
5.641E-005)
D_CBD (4.203E-005, 1.270E-005 –
7.137E-005) + D_COAST (2.598E-005, 8.078E-005 – 8.598E-005)
PARK_S (0.643, 0.054 – 1.231) +
LEAF_S (0.316, 0.079 – 0.553)
PARK_SR (0.081, 0.017 – 0.146) +
PARK_S (0.571, -0.026 – 1.168)
D_COAST (7.114E-005, 1.269E-006 – 0)
+ D_FRESH (0.000, 0.000 – -5.305E-005)
PARK_S (0.607, 0.032 – 1.182) + TOP
(0.013, -0.007 – 0.033) + LEAF_S ( 0.237,
-0.021 – 0.496)
PARK_SR (0.087, 0.019 – 0.155)
PARK_S (0.581, -0.023 – 1.186) + TOP
(0.022, 0.003 – 0.040)
DWELL (-0.005, -0.015 – 0.004) +
PARK_S (0.650, 0.074 – 1.225) +
LEAF_S (0.312, 0.081 – 0.544)
LEAF_S (0.314, 0.060 – 0.568)
AGE (-0.003, -0.007 – 0.000) + DWELL
(-0.003, -0.012 – 0.006) + PARK_S
(0.613, 0.063 – 1.163) + LEAF_S (0.339,
0.116 – 0.562)
D_FRESH (0.000, 0.000 – -4.050E-005)
TOP (0.023, 0.003 – 0.043)
AGE (-0.002, -0.006 – 0.002) + PARK_S
(0.554, -0.032 – 1.140) + PARK_SR
(0.075, 0.010 – 0.139)
TOP (0.015, -0.006 – 0.037) + LEAF_S
(0.224, -0.052 – 0.500)
PARK_SR (0.056, -0.028 – 0.140) +
LEAF_S (0.186, -0.127 – 0.499)
%UGS (0.007, -0.003 – 0.017) +
D_FRESH (0.000, 0.000 – 8.566E-007)
DWELL (-0.004, -0.013 – 0.005)
+PARK_S (0.580, -0.011 – 1.170) +
PARK_SR (0.077, 0.012 – 0.142)
PARK_S (0.637, -0.015 – 1.289)
%UGS (0.010, 0.000 – 0.020)
%UGS (0.002, -0.011 – 0.014) +
D_COAST (6.363E-005, -2.366E-005 –

S-E

36.49

2.54

0.06

10.78

0.005

E

36.68

2.73

0.06

13.49

0.004

S-E

36.79

2.84

0.05

13.38

0.004

E

36.86

2.91

0.05

16.47

0.002

E

37.17

3.22

0.04

10.10

0.006

E

37.65

3.70

0.03

9.62

0.008

E

38.26

4.31

0.03

9.01

0.011

E

38.42

4.47

0.02

8.85

0.012

E

38.88

4.93

0.02

11.29

0.010

E

38.91

4.96

0.02

5.69

0.017

E

39.06

5.11

0.02

8.21

0.016

S-E

39.20

5.25

0.02

10.97

0.012

E

39.24

5.29

0.02

5.36

0.021

S-E

39.44

5.49

0.01

13.88

0.008

E
E

39.48
39.74

5.53
5.79

0.01
0.01

5.11
4.86

0.024
0.028

S-E

39.95

6.00

0.01

10.22

0.017

E

39.99

6.04

0.01

7.28

0.026

E

40.25

6.30

0.01

7.02

0.030

E

40.32

6.37

0.01

6.95

0.031

S-E

40.48

6.53

0.01

9.69

0.021

E
E

41.14
41.23

7.19
7.28

0.01
0.01

3.46
3.37

0.063
0.066

E

41.24

7.29

0.01

8.93

0.030
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0.000) + D_FRESH (0.000, 0.000 –
-3.144E-005)
D_COAST (7.087E-005, -6.030E-006 –
0.000)
AGE (-0.003, -0.008 – 0.001)
AGE (-0.002, -0.006 – 0.002) + DWELL
(-0.003, -0.012 – 0.007) + PARK_S
(0.563, -0.021 – 1.146) + PARK_SR
(0.072, 0.008 – 0.137)
%UGS (0.007, -0.006 – 0.019) +
D_COAST (4.249E-005, -4.991E-005 –
0.000)
DWELL (-0.006, -0.016 – 0.005)
INC (0.000, 0.000 – 0.000)
AGE (-0.003, -0.007 – 0.002) + DWELL
(-0.004, -0.015 – 0.007)
INC (0.000, 0.000 – 0.000) + AGE ( 0.003, -0.008 – 0.001)
INC_Q (-3.873E-007, -9.480E-007 –
1.733E-007 ) + INC (0.001, -0.001 –
0.004)
INC (0.000, -0.001 – 0.000) + DWELL
(-0.007, -0.018 – 0.004)
INC (0.000, -0.001 – 0.000) + AGE
(-0.003, -0.007 – 0.002) + DWELL
(-0.005, -0.016 – 0.006)
Bird abundance models
AGE (0.003, 0.000 – 0.005) + GC_CONC
(0.016, 0.005 – 0.027) + D_CBD
(-1.692E-005, -3.199E-005 – -1.843E006)
AGE (0.003, 0.001 – 0.006) + GC_CONC
(0.014, 0.002 – 0.025)
DWELL (0.008, 0.002 – 0.014) +
GC_CONC (0.014, 0.002 – 0.026)
DWELL (0.006, 0.000 – 0.013) + TOP (0.012, -0.024 – 0.000)
PARK_SR (-0.023, -0.066 – 0.019) +
AGE (0.003, 0.001 – 0.006) + GC_CONC
(0.016, 0.004 – 0.027)
AGE (0.003,0.000 – 0.005) + TOP (0.011, -0.023 – 0.001)
PARK_S (-0.181, -0.553 – 0.190) + AGE
(0.003, 0.001 – 0.006) + GC_CONC
(0.013, 0.002 – 0.025)
DWELL (0.005, -0.003 – 0.013) +
GC_CONC (0.015, 0.003 – 0.026) +
D_CBD (-1.280E-005, -3.359E-005 –
7.979E-006)
AGE (0.003, 0.000 – 0.005)
TOP (-0.007, -0.019 – 0.006) +
CONC_GC (0.013, 0.001 – 0.024) +
D_CBD (-1.748E-005, -3.430E-005 – 6.558E-007)

E

41.50

7.55

0.00

3.10

0.078

S

42.47

8.52

0.00

2.13

0.145

S-E

42.77

8.82

0.00

10.56

0.032

E

43.10

9.15

0.00

4.17

0.124

S
S

43.58
44.15

9.63
10.20

0.00
0.00

1.02
0.44

0.313
0.507

S

44.70

10.75

0.00

2.58

0.276

S

44.73

10.78

0.00

2.54

0.281

S

45.05

11.10

0.00

2.22

0.330

S

45.36

11.41

0.00

1.91

0.384

S

46.88

12.93

0.00

3.29

0.349

AICC

Δi
AICC

χ2

Pvalue

S-E

9.10

0.00

0.20

13.22

0.004

S-E

10.68

1.58

0.09

8.73

0.013

S-E

11.23

2.13

0.07

8.19

0.017

S-E

12.44

3.34

0.04

6.98

0.030

S-E

12.46

3.36

0.04

9.85

0.020

S-E

12.65

3.55

0.03

6.76

0.034

S-E

12.68

3.58

0.03

9.63

0.022

S-E

12.70

3.60

0.03

9.61

0.022

S

12.85

3.75

0.03

3.89

0.049

S-E

12.86

3.76

0.03

9.45

0.024

Model
type
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wi

D_CBD (-1.705E-005, -3.389E-005 –
-2.126E-007)
AGE (0.002, 0.000 – 0.005) + D_CBD (1.343E-005, -3.013E-005 – 3.273E-006)
DWELL (0.006, 0.000 – 0.013)
AGE (0.002, 0.000 – 0.005) + DWELL
(0.005, -0.002 – 0.011)
TOP (-0.012, -0.024 – 0.001)
TOP (-0.012, -0.024 – 0.001) +
GC_CONC (0.010, -0.002 – 0.022)
AGE (0.003, 0.000 – 0.005) + %UGS (0.004, -0.010 – 0.002)
DWELL (0.007, 0.000 – 0.015) +
GC_CONC (0.014, 0.002 – 0.026) +
%UGS (-0.001, -0.008 – 0.006)
TOP (-0.008, -0.021 – 0.005) + D_CBD (1.324E-005, -3.086E-005 – 4.384E-006)
GC_CONC (0.010, -0.003 – 0.023)
AGE (0.002, 0.000 – 0.005) + TOP (0.008, -0.021 – 0.004) + D_CBD (9.428E-006, -2.680E-005 – 7.946E-006)
AGE (0.003, 0.000 – 0.005) + TOP (0.010, -0.022 – 0.002) + PARK_S (-0.185,
-0.569 – 0.199)
GC_CONC (0.010, -0.002 – 0.023) +
%UGS (-0.005, -0.011 – 0.001)
%UGS (-0.005, -0.012 – 0.002)
AGE (0.003, 0.000 – 0.005) + TOP (0.009, -0.022 – 0.004) + %UGS (-0.003, 0.009 – 0.004)
D_CBD (-1.878E-005, -3.601E-005 –
-1.556E-006) + D_FRESH (-5.204E-005,
0.000 – 7.848E-005)
DWELL (0.007, 0.000 – 0.015) + TOP (0.013, -0.027 – 0.000) + %UGS (0.001, 0.007 – 0.010)
INC (-5.672E-005, 0.000 – 0.000) + AGE
(0.003, 0.000 – 0.000)
DWELL (0.007, -0.003 – 0.016) + TOP (0.013, -0.027 – 0.002) + D_CBD (7.531E007, -2.519E-005 – 2.669E-005)
AGE (0.002, 0.000 – 0.005) + PARK_S (0.164, -0.557 – 0.229) + D_CBD (1.231E-005, -2.905E-005 – 4.423E-006)
PARK_S (-0.209, -0.617 – 0.199) + TOP
(-0.011, -0.024 – 0.002)
PARK_SR (-0.030, -0.077 – 0.016) +
GC_CONC (0.013, 0.000 – 0.026)
D_COAST (-2.792E-005, -7.783E-005 –
2.199E-005)
PARK_S (-0.237, -0.663 – 0.188)
TOP (-0.009, -0.022 – 0.004) +
CONC_GC (0.010, -0.002 – 0.022) +
%UGS (-0.003, -0.010 – 0.003)
D_CBD (-1.698E-005, -3.750E-005 –

E

13.04

3.94

0.03

3.70

0.054

S-E

13.14

4.04

0.03

6.27

0.043

S

13.60

4.50

0.02

3.14

0.076

S

13.65

4.55

0.02

5.77

0.056

E

13.76

4.66

0.02

2.98

0.084

E

13.85

4.75

0.02

5.57

0.062

S-E

13.95

4.85

0.02

5.47

0.065

S-E

14.05

4.95

0.02

8.27

0.041

S-E

14.34

5.24

0.01

5.08

0.079

E

14.38

5.28

0.01

2.36

0.124

S-E

14.44

5.34

0.01

7.87

0.049

S-E

14.67

5.57

0.01

7.64

0.054

S-E

14.69

5.59

0.01

4.73

0.094

E

14.71

5.61

0.01

2.03

0.154

S-E

14.96

5.86

0.01

7.35

0.062

E

15.11

6.01

0.01

4.31

0.116

S-E

15.21

6.11

0.01

7.10

0.069

S

15.26

6.16

0.01

4.16

0.125

S-E

15.33

6.23

0.01

6.98

0.072

S-E

15.38

6.28

0.01

6.93

0.074

E

15.44

6.34

0.01

3.98

0.137

E

15.46

6.36

0.01

3.96

0.138

E

15.56

6.46

0.01

1.18

0.278

E

15.57

6.47

0.01

1.17

0.279

S-E

15.68

6.58

0.01

6.64

0.084

E

15.71

6.61

0.01

3.70

0.157
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3.536E-006) + D_COAST (-3.408E-007, 5.865E-005 – 5.797E-005)
AGE (0.002, 0.000 – 0.005) + PARK_SR
(0.012, -0.037 – 0.061) + D_CBD (S-E
15.81
6.71
0.01
6.50 0.090
1.567E-005, -3.466E-005 – 3.315E-006)
PARK_S (-0.193, -0.584 – 0.199) + TOP
(-0.011, -0.023 – 0.001) + GC_CONC
E
15.83
6.73
0.01
6.49 0.090
(0.010, -0.002 – 0.022)
PARK_S (-0.221, -0.632 – 0.189) +
E
15.96
6.86
0.01
3.46 0.177
GC_CONC (0.010, -0.003 – 0.022)
INC (-2.748E-006, 0.000 – 0.000) +
S
16.27
7.17
0.01
3.14 0.208
DWELL (0.006, -0.001 – 0.013)
PARK_SR (-0.016, -0.063 – 0.031)
E
16.29
7.19
0.01
0.45 0.505
INC (-2.084E-005, 0.000 – 0.000) + AGE
(0.002, 0.000 – 0.005) + DWELL (0.004, - S
16.51
7.41
0.00
5.81 0.122
0.002 – 0.011)
INC (-4.985E-005, 0.000 – 0.000)
S
16.55
7.45
0.00
0.18 0.668
D_FRESH (-1.617E-005, 0.000 – 0.000)
E
16.68
7.58
0.00
0.06 0.815
%UGS (-0.006, -0.012 – 0.001) +
D_FRESH (-4.693E-005, 0.000 – 8.867E- E
16.93
7.83
0.00
2.49 0.289
005)
%UGS (-0.004, -0.012 – 0.004) +
D_COAST (-1.043E-005, -7.052E-005 –
E
17.27
8.17
0.00
2.14 0.342
4.965E-005)
PARK_SR (-0.028, -0.074 – 0.018) +
PARK_S (-0.194, -0.598 – 0.209) +
E
17.48
8.38
0.00
4.84 0.184
GC_CONC ( 0.012, -0.001 – 0.025)
PARK_SR (-0.014, -0.060 – 0.032) +
E
17.90
8.80
0.00
1.52 0.469
PARK_S (-0.226, -0.651 – 0.199)
D_CBD (-1.965E-005, -4.101E-005 –
1.698E-006) + D_COAST (4.061E-006, E
17.99
8.89
0.00
4.32 0.229
5.466E-005 – 6.278E-005) + D_FRESH (5.374E-005, 0.000 – 7.904E-005)
INC_Q + INC (-0.001, -0.002 – 0.001)
S
18.09
9.00
0.00
1.32 0.516
D_COAST (-1.594E-005, 0.000 – 0.000)
+ D_FRESH (-2.790E-005, -7.776E-005 – E
18.18
9.08
0.00
1.23 0.540
2.196E-005)
%UGS (-0.005, -0.014 – 0.004) +
D_COAST (-6.393E-006, -6.744E-005 –
E
19.79
10.69
0.00
2.53 0.471
5.465E-005) + D_FRESH (-4.390E-005,
0.000 – 9.467E-005)
AICC = Akaike’s information criterion corrected for small sample sizes, Δi = difference in AICC values,
wi = AICC weights, and χ2 = the likelihood ratio chi-square, which represents the change in deviance
between the fitted model and the constant only model. Model: S-E = social-ecological model, E =
ecological only model, S = social only model. See Table 3.1 for modelling codes.
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B.10: Frequency of bird species occurrence across n = 30 park sites
Bird species
Percentage of sites
Noisy Miner (Manorina melanocephala)
93.3
Rainbow Lorikeet (Trichoglossus haematodus)
83.3
Australian Magpie (Cracticus tibicen)
50.0
Feral Pigeon (Columba livia)
43.3
Pied Currawong (Strepera graculina)
43.0
Laughing Kookaburra (Dacelo novaeguineae)
40.0
Grey Butcherbird (Cracticus torquatus)
36.7
Australian White Ibis (Threskiornis molucca)
30.0
Welcome Swallow (Hirundo neoxena)
30.0
Sulphur-Crested Cockatoo (Cacatua galerita)
26.7
Note: Showing only species occurring in >25% of city park sites
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B.11: Woody plant species frequency of occurrence across n = 30 park
sites
Percentage of sites
Woody plant species
Brushbox (Lophostemon confertus)N
50.0
N
Spotted Gum (Corymbia maculata)
40.0
Japanese Camellia (Camellia japonica)E
36.7
Smooth Barked Apple (Angophora costata)N
33.3
N
Gymea Lily (Doryanthes excelsa)
30.0
Sweet Pittosporum (Pittosporum undulatum)N
N
Blueberry Ash (Elaeocarpus reticulatus)
Lilli Pilli (Syzygium smithii)N
26.7
E
Cocos Palm (Syagrus romanzoffiana)
Canary Island Date Palm (Phoenix canariensis)E
Unknown Azalia Species # 1 (Rhododendron sp.)E
Port Jackson Fig (Ficus rubiginosa)N
Cabbage-Tree Palm (Livistona australis)N
Birds-nest Fern* (Asplenium nidus)N
23.3
Bristly Tree Fern (Dicksonia youngiae)N
Bleeding Heart Tree (Homalanthus populifolius)N
Orange Jessamine (Murraya paniculata)E
Camphor Laurel (Cinnamomum camphora)E
Blue Lilly Pilly (Syzygium oleosum)N
Nandina (Nandina domestica)E
Swamp She-Oak (Casuarina glauca)N
Rose sp. (Rosa sp.)E
Broad-Leaved Paperbark (Melaleuca
quinquenervia)N
20.0
N
Broad-Leaved Bottletree (Brachychiton australis)
Coastal Rosemary (Westringia fruticosa)N
Sasanqua Camellia (Camellia sasanqua)E
Sydney Turpentine (Syncarpia glomulifera)N
Notes: Only species occurring in ≥ 20% of sites are list in the above table
(n = 27 species). N indicates native species; E indicates exotic species.
*Species was considered woody instead of herbaceous because it often
occurred as an epiphyte.
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B.12: Details of n = 6 rare parks co-management arrangements, site objectives, topographic variation, and land use history.
Rare city
park (n = 6)

Stony Range
Botanic
Garden

Lisgar Garden

Harbourview
Park

E. G.
Waterhouse
Garden

Topographic
variation (m)
(max – min)

Management objectives
Co-managed by Warringah Council and a volunteer advisory committee.
Aim: To protect and maintain the gardens character as a bushland reserve and to
allow the ongoing public appreciation of Australian flora (continentally endemic
and locally indigenous species). Management objectives: to increase visitors, weed
management, maintenance and enhancement of the tree canopy, themed areas for
growing plants.
Co-managed by Hornsby Shire Council and ‘The Friends of Lisgar Gardens’
volunteer group.
Aim: to promote, protect and enhance Lisgar garden and increase visitation.
Co-managed by Woollahra Municipal Council and a bushland volunteer group.
Aim: A park setting of predominant bushland character, providing recreational
opportunity and exhibiting a high level of endemic biodiversity that has been
restored and maintained through the active on-site participation of the local
community.
Up until 2014, this site was managed by Southerland Shire Council with input from
‘The Camellia Garden Management Committee’ – a group of volunteers who were
encouraged to establish plantings and develop key garden features. Post 2014, the
aforementioned committee ceased, where a name change and new charter saw
management input from ‘the significant parks and landmarks committee’.
Aim: to create a regional botanic garden that showcases the different species and
rare cultivars of the camellia genus.
Co-managed by Kuring-Gai Council with input from ‘The Friends of Swains
Gardens’.
Aim: Based on a botanical collection of non-indigenous vegetation with a unique
landscape character, the management objective is to preserve a culturally
significant, amateur English Garden, as opposed to one that is uniquely Australian
in character.

20

20

20

20

History relative to topography

Dis-used sandstone quarry, located on a long, steep
slope separating the edge of a sandstone plateau
with a gully below, which connects the two areas of
land with differing heights.
Built by Doctor Max Cotton on a steep hillside, this
garden’s levels were created using sandstone
blocks. The site is accessible via steps / inclinator.
Located in a gully with steep embankments. Bought
by Council off a developer due to continuing
problems with stormwater drainage around the site.
Flash flooding was occurring and two creeks and a
waterfall pass through the park.

Located on a southerly aspect with a steep sloping
site gradient >1:14, leading down into Yowie Bay.

Sloping topography of the site resulted in the
construction of a number of terraced garden beds,
using sandstone blocks as retaining walls. Owing to
Swain Garden
10
the typography of the site, a microclimate forms at
the lower end of the garden from the creek, where
many cold climate species were planted.
Steep site that was bought by council when it came
Co-managed with input from Ivanhoe Precinct Group.
Ivanhoe Park
under thread from developers in the late 18 th
Aim: At the time of research there was no landscape master plan or clear aims /
Botanic
20
Century. The Western portion of the park was
objectives as to management of the garden. However, the site is gazetted as a
Garden
gazetted ‘Ivanhoe Park Botanic Garden’ in 2006 by
botanic garden and contains species from around the world.
the Geographical Names Board.
Note: Information in the above table was sourced from council brochures available at the garden sites, government websites and personal communication with park managers.
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B.13 Additional material justifying the selection of social and environmental predictor
variables.
There were n = 3 social predictors, including mean weekly household income (of houses
directly bordering each park), site age (i.e., years since formally gazetted as a passive
recreation greenspace), and dwelling density (1km radius of each park) (Table 3.1).
Population density and site age are considered traditional rural-urban gradient predictors of
urban plant and bird assemblages (Kinzig et al., 2005). For example, Nagendra and Gopal
(2010) found older parks had fewer but older trees, suggesting site age may be negatively
associated with plant abundance. The use of mean weekly household income to predict
ecological characteristics of parks is a more novel approach to examining how humans
impact on urban biodiversity that goes beyond traditional rural-urban gradient measures
(Kinzig et al., 2005). These three social predictors were hypothesised to influence both plant
and bird response variables.
There were n = 5 site scale environmental predictors, including site size, topography
(i.e., site elevation change), mean leaf size, and percent concrete groundcover within each site
(Table 3.1). The fifth site scale environmental predictor – sample plant species richness – was
modelled as a predictor of bird response variables only (for review, see Introduction). Site
size was included to examine the effect of park size on park plant and bird species diversity
and abundance (i.e., species-area relationships; Nielson et al., 2014). Topography is one of
the strongest predictors of avian species diversity at global (Davies et al., 2007) and regional
(Rahbek and Graves, 2001) scales. Topography has also been positively associated with plant
richness of urban parks, although after controlling for area this relationship disappeared
(Cornelius and Hermy, 2004). Diversity of leaf sizes within a site was used as a proxy
indicator of microhabitat vegetation heterogeneity, which has been positively associated with
avian species richness (Nielson et al., 2014; predictor of plant species richness only). Percent
concrete groundcover was used as a proxy indicator of loss of habitable area within a park,
which we hypothesised would be positively associated with increasing density of
synanthropic bird species (e.g. Columbia livia), and hence increasing bird abundance.
There were n = 4 landscape scale environmental predictors, including percent UGS in
a 1km radius of each park, and park distance to the central business district, coast and
freshwater (Table 3.1). Percent UGS surrounding each park was included as a surrogate
indicator of the level of ‘isolation effect’ on each park site within the urban matrix of built
infrastructure (Nielson et al., 2014). Increasing isolation has been negatively associated with
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both plant and bird species richness of urban parks (Nielson et al., 2014). Park distance to the
CBD was included as a traditional rural-urban gradient measure of urbanisation intensity (i.e.,
surrogate indicator of degree of disturbance), which has been variously associated with
variables characterising park plant and bird assemblages such as species diversity (Kinzig et
al., 2005; McKinney, 2006; 2008; Nielsen et al., 2014). Park distance to the coast and
freshwater were included as landscape scale indicators of ‘habitat diversity’ (in relation to
park sites); an ecological theory that predicts number of species is determined by number of
available habitats (Sillen and Solbreck, 1977). Given birds are mobile organisms that may
move across the broader landscape, park distance to the coast and freshwater were
hypothesised to influence bird species richness and abundance response variables.
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4

CHAPTER FOUR: DATA CHAPTER TWO

Ecological and individual factors associated with park users’ species differentiation skills,
perceived levels of park species diversity and psychological outcomes.
Abstract
Thirty publicly accessible, municipally provided, passive recreation greenspaces (i.e., city
parks) were surveyed in Sydney, Australia. Ecological sampling was used to collect
information on key ecological characteristics of parks. In situ surveys were conducted with n
= 813 park users to gather information on a range of individual factors. I first determined
what ecological and individual factors were associated with park users’ ability to correctly
differentiate between photographs of birds as the same or different species (i.e., bird species
differentiation skills). Variations in plumage colour, within or between bird species, appeared
to be related to how accurately respondents differentiated birds. A logistic regression
identified that middle aged and English-speaking respondents had significantly better bird
species differentiation skills compared with older, younger and non-English-speaking
respondents. Next, I determined what ecological and individual factors were associated with
(i) park users’ perceived level of park plant and bird species richness, and (ii) the alignment
between park users’ perceived, and ecologically sampled, levels of park plant and bird
species richness. Individual factors were generally poor predictors of park users’ perceptions
of species richness, and the degree of alignment between ecologically sampled, and users’
perceived, levels of species diversity. Higher perceived plant and perceived bird species
richness reported by park users was consistently related to the reduced dominance of n = 6
synanthropic bird species on park bird assemblages (i.e., ‘pesty’ bird species richness) and
increasing structural heterogeneity of park vegetation. This suggested that ecological
characteristics other than biodiversity per se may serve as proxy measures that cue park
users’ perceptions of species diversity. Indeed, pesty bird species richness fully mediated the
relationship between ecologically sampled, and park users’ perceived, levels of bird species
richness. Nonetheless, perceived and ecologically sampled levels of species richness
generally corresponded, suggesting it was plausible to associate the level of species diversity
within parks with the psychological outcomes reported by users. Next, I determined whether
n = 8 psychological outcome metrics, reported by park users during a visit to parks, were
related to the ecological characteristics of parks and/or individual factors characterising park
users. Park users’ reported level of connection to nature increased with increasing level of
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agreement they were motivated to use the park ‘to get back to nature’, but declined with
increasing ‘pesty’ bird species richness. Of the four perceived restorativeness components
measured, park users’ reported level of (i) ‘being away’ (e.g., from psychological demands)
increased with increasing perceived plant species richness and increasing frequency of park
use, (ii) ‘fascination’ (e.g., captured attention) increased with increasing sample plant species
richness and increasing perceived bird species richness, (iii) ‘legibility’ (e.g., wayfinding)
declined with increasing plant abundance, but increased as the proportion of Englishspeaking respondents increased, and (iv) ‘compatibility’ (e.g., parks meeting wants/needs)
increased with increasing intended duration of park use, but declined with increasing bird
abundance. Perceived likelihood of restoration increased with increasing motivation for park
use ‘for peace and tranquillity’ and increasing perceived plant species richness. The place
attachment dimension, (i) ‘identity’ (emotional attachment) increased with increasing
respondent age, but declined with increasing bird abundance, whereas (ii) ‘dependence’
(functional attachment) also declined with increasing bird abundance, but increased with
increasing motivation to use the park ‘to get back to nature’. Hence, there was strong support
that park planners and designers may have considerable influence on the psychological
outcomes of park users, depending on both the type of vegetation mandated in park
management plans, and how park bird assemblages are managed. Measurable improvements
to the psychological outcomes of park users may be achieved through park management
approaches that increase the vegetation complexity of parks from predominantly scattered
trees with mown turf, and reduce the dominance of abundant, synanthropic bird species.
However, optimal levels of ecological characteristics of parks across individual psychological
outcome metrics are yet to be identified, and may vary with individual factors (e.g.,
motivation for park use). Managing city parks to meet the psychological and recreational
needs of a broad range of park users may be achieved through the provision of ecologically
heterogeneous parks (e.g., from high to low vegetation complexity and species diversity)
either across different sites, or within individual sites. Overall, there was strong support for
aligning biodiversity conservation with supporting beneficial psychological outcomes to park
users. Hence, management approaches to support species diversity/conservation and
beneficial psychological outcomes to recreational park users need not necessarily be
considered mutually exclusive objectives of city parks.
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4.1

Introduction

City parks (Chapter 3) are a widespread type of municipally provided urban greenspace
(UGS) – open, unsealed land and its associated vegetative cover (Chapter 2) – where people
living in cities can have contact with natural environments (i.e., human-nature exposure).
Human-nature exposure has been positively associated with a range of psychological
constructs indicative of positive psychological functioning (e.g., psychological benefits such
as emotional wellbeing and restoration) (for reviews see Velarde et al., 2007; Jorgensen and
Gobster, 2010; Bratman et al., 2012; McMahan and Estes, 2015). Determining how park use
yields psychological benefits to users, requires a greater understanding of the specific
ecological characteristics of parks, and/or individual factors characterising park users, that are
associated with specific psychological outcome metrics (reviewed in Part A of this
Introduction). One individual factor that may drive psychological outcomes of park users is
their perceived level of species diversity (Fuller et al., 2007; Dallimer et al., 2012). Hence,
determining the ecological and/or individual factors that drive perceptions of species
diversity forms a central aim of this Chapter (reviewed in Part B of this Introduction).
Of particular use for understanding the relationships between park environments and
park users (i.e., individuals), is the concept of social-ecological systems (SESs). A suitable
framework for analysing social and ecological outcomes of city park SESs, is the Ostrom
social-ecological systems framework (SESF; Ostrom, 2007; 2008; 2009; McGinnis and
Ostrom, 2014). In Chapter 1, I present a theoretical overview of how the predictor and
response variables analysed across chapters of my thesis might be understood as attributes of
social and ecological systems which interact (through the process of park visits and park
provision) to produce ecological and social outcomes (e.g., biodiversity, park users’
psychological outcomes). In this chapter (i.e., Chapter 4), I review the empirical evidence
and/or theory supporting the inclusion of ecological and/or individual factors hypothesised to
drive variation in park users’ (i) reports across n = 8 psychological outcome metrics, and (ii)
perceptions of nature response variables (i.e., perceived plant species richness, perceived bird
species richness, species differentiation skills). I also review literature relating to the
importance of determining the degree to which perceived and ecologically sampled levels of
plant/bird species richness correspond, when seeking to relate biodiversity to psychological
outcomes of park users.
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4.1.1 Part A – Psychological outcomes
Psychological scales can be used to measure a park users’ psychological response to or
perception of nature while using a park, including their ongoing relationship with a park.
Example scales include reported level of (i) connection to nature while using a park, (ii)
perceived restorativeness, (iii) likelihood of restoration, (iv) place affect and preference
affect (i.e., how people feel about parks), and (v) place attachment. Park users’ self-reported
psychological outcomes during park use may mediate or moderate the relationship between
exposure to nature and psychological wellbeing (PWB) (Lachowycz and Jones, 2013). For
example, Mayer et al. (2009) found connection to nature mediated the relationship between
exposure to environments (using urban versus natural comparison conditions) and positive
affect (a component of affective wellbeing). Determining what individual and/or ecological
factors are associated with a range of specific psychological outcome metrics is therefore
pertinent to further our understanding of how and why exposure to nature is beneficial
(Mayer et al., 2009).
Individual factors which may be associated with the psychological outcomes of park
users include how parks are used, socio-demographics, perceived levels of species diversity
and broader measures of park users’ subjective wellbeing (SWB) (section 4.1.1.1). Ecological
factors which may be associated with the psychological outcomes of park users include
sample plant and bird species richness and abundance, vegetation complexity, plant and bird
traits (e.g., flower cover, pesty bird species richness), park size and level of urbanisation
surrounding a park (section 4.1.1.2). Given there is currently little evidence to guide how the
ecology of city parks should be designed and managed to improve users’ wellbeing,
understanding associations between the psychological outcomes of park users, and the
aforementioned individual and ecological factors, is pertinent. Findings can be used to inform
evidence-based planning, design and management of city park ecology (e.g., plant and bird
assemblages) that supports more beneficial psychological outcomes to park users (Appendix
AA.8).
In this Chapter, I review research results and present research findings relating to
park users’ reports across the following n = 8 psychological outcome metrics: connection to
nature, the perceived restorativeness components being away, fascination, legibility and
compatibility, perceived likelihood of restoration and the place attachment dimensions
identity and dependence. The remaining n = 5 psychological outcome metrics (i.e., preference
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affect and place affect components exciting, distressing, gloomy, and relaxing) are reviewed
and analysed in Chapter 5. These n = 13 psychological response variables are treated
differently across my thesis because alternative theories suggested the importance of
considering different sets of predictor variables when explaining psychological outcome
metrics related to each theory (McGinnis and Ostrom, 2014; Chapter 1, section 1.2.2).
4.1.1.1 Individual factors associated with the psychological outcomes of park users
People may be motivated to use parks for different reasons and to undertake different
activities (Chiesura, 2003; Dallimer et al., 2012). Fuller et al. (2007) proposed it unlikely that
park users are randomly distributed across parks, perhaps selecting to visit certain parks
where they derive psychological benefits. More beneficial psychological outcomes have been
associated with visiting parks for ‘nature related’ activities than ‘social’ activities (e.g., more
restorative experiences, greater wellbeing) (Ottosson and Grahn, 2008; Stigsdotter and
Grahn, 2011; Scopelliti et al., 2012; Carrus et al., 2015). Though White et al. (2013) found
little support that activity type was associated with differences in respondents’ (n = 4255)
recalled feelings of restoration (e.g., calm, relaxed) after visits to different natural
environments. White et al. (2013) also reported that visiting parks with children was
associated with lower feelings of restoration compared with visits alone. Scopelliti and
Guiliani (2005) found no association between elderly respondents’ type of social interaction
(solitude versus social interaction) and perceived restorativeness of an urban park in Rome.
In an English study of urban riparian greenspaces (n = 1108 respondents ≥ 18 years; Dallimer
et al., 2014), less frequent visitors were more likely to cite ‘space quality’ (e.g., nature, flora)
motivations for park use, whereas more frequent visitors were more likely to cite ‘physical’
(e.g., exercise, sitting, relaxing) motivations for park use. Frequency of park use was
unrelated to park ecology (i.e., bird species richness and tree cover) and respondents who
used a park site least frequently reported lower PWB (Dallimer et al., 2014). Both Dallimer et
al. (2014) and Southon et al. (2018) found a positive association between frequency of park
use and the PWB component continuity with past. Higher self-estimated mental health has
been positively associated with frequency of park use (Southon et al., 2018), and longer
duration of park use has been associated with lower levels of high blood pressure and
depression (Shanahan et al., 2016). Taken together, such research suggests that how (e.g.,
frequency, duration) and why (e.g., motivations for park use) people visit parks may have
measurable associations with the ecological characteristics of parks, psychological outcomes
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reported by park users from a visit to parks, and/or broader measures of park users’
wellbeing.
Psychological constructs measuring aspects of SWB (i.e., “a person’s cognitive and
affective evaluations of his or her life” (Denier et al., 2002, pg. 63)) have been associated
with exposure to different types of environments and self-reported connection to nature.
Mayer and Frantz hypothesised that connection to nature should correlate with life
satisfaction (a component of SWB), based on the argument that “if people derive a sense of
well-being from feeling connected to nature, then those who are more connected should
experience higher life satisfaction” (2004, pg. 509). Indeed, using a convenience sample of
people in public places (n = 135 respondents; 14 – 89 years), Mayer and Frantz (2004) found
that connection to nature significantly predicted life satisfaction. In an American workplace
study of n = 615 adults with relatively sedentary desk jobs, respondents reported higher life
satisfaction when they had a view with natural components (e.g., trees or some form of
vegetation), compared to an entirely urban/built view (e.g., buildings, parking lots) (Kaplan,
1993). In a Chinese study (n = 53 adults > 60 years living in residential aged care facilities),
participation in an eight week gardening program yielded a significant improvement in life
satisfaction from baseline to post intervention, compared to a non-gardening control group
(Tse, 2010). Despite varying measures of connection to nature and life satisfaction used in
these studies, such research suggests there may be measurable associations between the
ecological characteristics of parks, psychological outcome metrics reported during park use
(e.g., connection to nature) and park users’ self-reported SWB.
Socio-demographic characteristics are potential moderating factors on the relationship
between human-nature exposure and psychological outcomes (Lachowycz and Jones, 2013).
In an Australian study, Luck et al. (2011) sampled approximately n = 1000 respondents living
in regional towns/cities with populations < 100,000. Demographic variables (e.g., age and
level of activity) were more strongly associated with measures of respondents’
neighbourhood wellbeing, personal wellbeing and connection to nature than ecological
characteristics (e.g., species diversity, vegetation cover) of the residential neighbourhoods
where respondents lived (Luck et al., 2011). In turn, Luck et al. (2011) argued it is important
to consider socio-demographic factors when attempting to determine relationships between
urban environments and psychological measures of wellbeing and connection to nature. Jim
and Shan (2013) noted significant differences in perceptions and attitudes towards positive
and negative attributes of natural environments across demographic measures such as gender,
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age, marital status and education, again suggesting the importance of considering sociodemographic factors. In a U.S.A study (n = 7506), Derose et al. (2015) reported that nonEnglish-speaking park users were more likely to use a park for social motivations and less
likely to visit alone compared to English-speaking park users. Mayer and Frantz (2004) found
that level of connection to nature was unrelated to gender but was positively associated with
level of education. In a UK study, Southon et al. (2018) found older people reported higher
connection to nature and PWB across the components reflection and continuity with past;
women also reported higher continuity with past than men. Southon et al. (2017) found
preference for meadow plots with greater sample plant species richness was stronger for
older and female respondents, compared to younger and male respondents. Such research
results suggest there may be measurable associations between the socio-demographic
characteristics of park users, the psychological outcomes reported by park users from a visit
to parks, and the ecological characteristics of parks.
4.1.1.2 Park ecology and the psychological outcomes of park users
City parks may consist of different plant species and host varying levels of vegetation
complexity, which creates unique microclimates and habitats that support different animal
assemblages (Chapter 3). In Chapter 3, the park sites investigated in this study (n = 30) varied
along a continuum of low to high ecological complexity (resembling football fields to
rainforests), and were dichotomised into n = 2 park types. Common parks (n = 24) were
described as relatively homogeneous in ecological composition and hosted lower levels of
vegetation complexity and species diversity, compared to rare parks (n = 6) where higher
levels of vegetation complexity and species diversity were observed. Human exposure to
natural environments with varying ecological characteristics has been associated with a range
of psychological scales measuring the psychological outcomes of park users, such as
connection to nature, perceived restorativeness components being away, fascination,
compatibility and legibility, and perceived likelihood of restoration (sections 4.1.1.3 and
4.1.1.4). Comparatively less is known about whether park users’ functional and emotional
attachment to parks (i.e., place attachment; Williams and Vaske, 2003) is associated with the
use of parks with varying ecological characteristics (section 4.1.1.5).
4.1.1.3 Connection to nature
Wilson’s (1984) biophilia hypothesis asserts that people have a biologically-based need to
affiliate with life and life-like processes and to feel connected to the broader natural world. I
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hypothesise that parks resembling football fields may be less well suited than parks
resembling rainforests for meeting people’s need to connect with nature. It is possible that
ecological characteristics of parks (e.g., vegetation complexity and species richness) are
surrogate measures of a park user’s level of opportunity to affiliate with living organisms and
biological/ecological processes (e.g., seeing flowering plants). As such, park users’ selfreported level of connection to nature may be associated with varying levels of ecological
characteristics of parks, and indicative of the level of opportunity to affiliate with life and
life-like processes.
Connection to nature can be measured using various psychological scales (e.g.,
Schultz, 2001; Mayer and Frantz, 2004; Mayer et al., 2009; Nisbet, 2009; 2011), which may
differ with regards to measuring (i) affective and/or cognitive dimensions of human-nature
relationships, and (ii) presently experienced (i.e., state) or generally experienced (i.e., trait)
levels. Despite critiques, most scales tap some dimension of connectedness to nature (Perrin
and Benassi, 2009) and many correlate to a moderate degree (Mayer and Frantz, 2004). Using
a state version of the Connectedness to Nature Scale (CNS; Mayer and Frantz, 2004), Mayer
et al. (2009) found that connection to nature was significantly higher in a nature preserve
(i.e., natural condition) than in a downtown urban area (i.e., urban condition). Using a trait
version of the Nature Relatedness Scale (Nisbet et al., 2009), Shanahan et al. (2015) found a
positive association with the level of vegetation cover of parks that respondents reported
visiting. Using a modified version of the CNS (Mayer and Frantz, 2004), Luck et al. (2011)
found a strong positive association between trait connection to nature and respondents’ level
of social and physical activity inside and outside of their neighbourhood. In a UK study,
Southon et al. (2018) found connection to nature was positively associated with perceived
total species richness (i.e., plants, birds and butterflies) and perceived plant species richness,
but not perceived bird species richness. Perceived and sampled measures of plant species
richness were significantly correlated (Southon et al., 2018). More research is required
investigating associations between (i) state measures of connection to nature (i.e., reported
during park use/visits) as opposed to trait measures, and (ii) specific ecological characteristics
of parks as opposed to general descriptions of environments (e.g., urban versus natural).
For research designed on in-situ ecological and social sampling of urban parks and
users, connection to nature measures based on longer term conceptualisations of this
construct (i.e., trait measures) seem less plausible to associate with variables characterising
specific ecological attributes of parks (e.g., species diversity, vegetation complexity). This is
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because park users may report a level of connection to nature for reasons unrelated to the
ecological characteristics encountered during a park visit (e.g., they are active gardeners at
home or they work with animals). Presently experienced (i.e., state) measures seem to be a
more suitable conceptualisation of this construct to relate to ecological variables
characterising urban parks because they are more likely to tap a park users’ level of
connection to nature to a specific environment (Mayer et al., 2009). Hence, state connection
to nature seem a more plausible psychological outcome metric to hypothesise as driven by
exposure to urban parks with varying ecological characteristics, compared to trait measures
of this construct.
4.1.1.4 Perceived restorativeness and perceived likelihood of restoration
Attention restoration theory (ART; Kaplan and Kaplan, 1989; Kaplan, 1995) proposes four
components of a ‘restorative’ environment that arise from the transaction between
environment and person. Restorative environments support the restoration of attention
capacity when experiencing attention fatigue (Kaplan, 1995). Exposure to natural
environments is hypothesised to have a restorative effect on the brain’s ability to focus by
replenishing direct attentional capacities (for a review see Bratman et al., 2012). In order for
an environment to allow directed attention to rest, and thereby facilitate restorative
experiences, ART emphasises “certain characteristics or qualities of the transactions
between a person and the environment” (Hartig et al., 1997, pg. 3). Natural environments are
hypothesised to be more restorative than non-natural environments (Hartig et al., 1997),
which is empirically supported (for reviews see Kaplan, 1995; Bratman et al., 2012). An
environment’s perceived restorative potential (i.e., perceived restorativeness; Hartig et al.,
1997) is measured across the four components (i.e., being away, fascination, compatibility,
extent/legibility) characterised by ART to allow directed attention to rest. Concisely
summarised by Nordh et al. 2009 (pg. 226), three components are: (1) being away –
“psychological (or physical) distance from demands and routines in which a person uses
(their) directed attention capacity”; (2) fascination – “the way in which attention becomes
captured by elements such as flora and fauna and the process of exploration”; and (3)
compatibility – “the match between what a person wants to do, can do, and must do at the
site”. In an attempt to better represent the fourth component, extent, Hartig et al. (1997)
proposed that legibility refers to the level of perceived possibilities for “staying oriented and
making sense of the surroundings as one proceeds further” (pg. 7). Another psychological
construct related to ART is perceived ‘likelihood of restoration’, which is whether an
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individual would be able to rest and recover their ability to focus in a given environment
(Nordh et al., 2009, pg. 228).
Research results suggest that the ecological characteristics of parks may be associated
with the perceived restorativeness of parks and perceived likelihood of restoration. In an
Italian study of n = 124 in situ park users visiting n = 5 parks ranging from low to high levels
of biodiversity, Scopelliti et al. (2012) found a positive association between increasing
biodiversity of park sites and park users’ reports of being away, fascination, extent and
compatibility. In a Scandinavian study using photographs of n = 22 parks and n = 52
university students, Nordh et al. (2009) found that increasing amounts of an image covered
by the vegetative components trees, bushes, grass, and to a lesser extent lower ground
vegetation, were positively associated with being away. Parks containing more bushes and
trees have been hypothesised to provide enclosure (i.e., walls around the park “room”),
thereby enhancing opportunities to get away from demands on directed attentional capacity
(i.e., being away) (Smardon, 1988; Dee, 2003; Nordh et al., 2009). Nordh et al. (2009) also
found that increasing amounts of an image covered by the vegetative components trees, and
to a lesser extent bushes and lower ground vegetation, were positively associated with
fascination. Hull and Harvey (1989) proposed that increasing understory vegetation density
may decrease ‘wayfinding’, suggesting that vegetation complexity may be negatively
associated with legibility. Nordh et al. (2009) reported that the ecological characteristics most
predictive of likelihood of restoration were the percent of an image covered by grass, trees
and bushes. In general, the percent of park images covered by vegetation was positively
associated with reported levels of likelihood of restoration (Nordh et al., 2011). Although the
current evidence suggests that the ecological characteristics of natural environments are
associated with perceived restorativeness and likelihood of restoration, little research has
been conducted in an Australian setting and photographs are only proxies of a real
environment. More research is required that investigates associations between park users’
reports of perceived restorativeness/likelihood of restoration using sampling of park users
when using parks with varying levels of ecological characteristics (e.g., vegetation
complexity, species diversity).
4.1.1.5 Place attachment
People may form varying degrees of emotional and symbolic relationships with natural
resources such as parks, known as place attachment (Williams and Vaske, 2003). Williams
and Vaske (2003) define place attachment as having two dimensions. Place identity is an
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emotional attachment to an environment and indicates “the symbolic importance of a place as
a repository for emotions and relationships that give meaning and purpose to life” (Williams
and Vaske, 2003 pg. 831). In an American study, respondents reporting more frequent visits
to specific national park and nature reserve sites has been associated with significantly higher
place identity with those sites, compared with respondents who reported visiting those sites
less frequently (Williams and Vaske, 2003). Place dependence is a functional attachment and
indicates “the importance of a place in providing features and conditions that support
specific goals and activities… is embodied in the areas physical characteristics… and may
increase when the place is close enough to allow frequent visitation” (Williams and Vaske,
2003 pg. 831). Williams and Vaske argue that measuring emotional and symbolic
attachments that people form with natural places, such as parks, enables the communication
of natural resource values in the land management planning process. Yet, little research has
investigated whether park users’ reported level of place identity or place dependence is
associated with varying ecological characteristics of parks. Researchers that have investigated
‘place attachment’ (Fuller et al., 2007; Dallimer et al., 2012; Southon et al., 2018) have
measured level of agreement with statements that differ from the place attachment tool
outlined in Williams and Vaske (2003), and different measures may provide different results.
4.1.2 Part B – Perceptions of species diversity
4.1.2.1 Perceived versus ecologically sampled levels of park species richness and
associations with park users’ psychological outcomes
A recent research impetus has been to decipher the complex association between aspects of
respondent’ psychological outcomes when exposed to nature, and the number of species both
(i) perceived by respondents (i.e., perceived species richness), and (ii) identified by
researchers using ecological sampling (i.e., sample species richness) (Fuller et al., 2007;
Lindemann-Matthies et al., 2010; Dallimer et al., 2012; Qiu et al., 2013; Shwartz et al., 2014;
Muratet et al., 2015; Southon et al., 2018). Components of park user PWB have been
associated with both perceived and sample levels of species richness, irrespective of whether
or not perceived and sample species richness measures align (Fuller et al., 2007; Dallimer et
al., 2012). Yet, it is conceptually difficult to associate ecologically sampled levels of park
species richness (i.e., taxonomically defined) with psychological outcome metrics reported by
park users if park users do not perceive corresponding levels of species richness.
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Evidence varies across taxonomic groups (e.g., plants versus birds) on whether
measures of perceived and sampled species richness align. Regarding plants, some
researchers have found perceived and sample levels of species richness correspond (Fuller et
al., 2007; Lindemann-Matthies et al., 2010; Qiu et al., 2013; Southon et al., 2018), while
others have found they do not (Dallimer et al., 2012; Shwartz et al., 2014; Muratet et al.,
2015). Birds have received less attention, with these initial studies reporting non-significant
associations (all reported rs < 0.49) between perceived and sample levels of species richness
(Fuller et al., 2007; Dallimer et al., 2012; Shwartz et al., 2014). In table 4.1, I present varying
evidence on the relationship between psychological constructs, perceived and sample species
richness, and the degree of alignment between perceived and sampled measures of plant
and/or bird species richness. When investigating associations between the psychological
outcomes of park users and biodiversity, such research supports the importance of assessing
relations with both respondents’ perceived, and ecologically sampled, levels of species
richness; and determining the degree to which perceived and sampled measures
correspond/align. One reason for this is that Dallimer et al. (2012) found components of PWB
were more strongly associated with riparian park users’ perceived than sampled level of
species richness in Sheffield, UK.
4.1.2.2 Factors that may influence perceived levels of species richness and species
differentiation skills
The few studies done to date (references to follow throughout; Table 4.2) suggest that
perceptions of species richness may be associated with individual factors characterising park
users (e.g., species differentiation skills, socio-demographics, and park use factors) and/or
ecological characteristics of parks.
‘Biodiversity’ and ‘species’ may be unfamiliar concepts to park users. A Swiss study
by Lindemann-Matthies and Bose (2008) identified that 60% of randomly selected
respondents had never heard of the term ‘biodiversity’, and consistently overestimated plant
species richness on global, national and ecosystem scales. Wandersee and Schussler’s (1999)
theory of ‘plant blindness’ suggests different species of plants may blend together with their
surroundings and not be perceived as different if individual plants are not sufficiently
differentiated from their vegetative background in the form of diagnostic characteristics (e.g.,
flowers). Therefore, park users that are better at correctly classifying individuals as either the
same or different species (i.e., species differentiation skills) may perceive different levels of
park plant/bird species richness compared to those with poorer classification skills. Indeed,
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Table 4. 1: Studies investigating links between psychological constructs, perceived levels of
species richness, sampled levels of species richness and alignment between perceived and
sampled species richness.
Citation, study
Relationship between
Alignment between
location and
psychological construct(s)
perceived and sampled
greenspace type
(italics), perceived species
species richness.
richness, and/or sample species
richness
Lindemann-Matthies et Aesthetic appreciation increased
Mean perceived species
al. (2010). Germany.
with sample plant species
richness increased with
Experimental ‘grassrichness.
sampled species richness, but
land arrays’ and field
was slightly overestimated at
studies of natural
low and increasingly
meadows.
underestimated at high levels
of sampled species diversity.
Qiu et al. (2013).
No positive relationship identified Respondents’ perceptions of
Sweden.
between preference for (i.e.,
vascular plant species
Greenspace habitat
liked/disliked features of
richness corresponded well
types (ornamental park; greenspace habitats), and
to the assessed biodiversity
transition area; moist
perception of, biodiversity.
level across greenspace
multi-layered
habitat types.
woodland; dry, single
layered woodland)
Shwartz et al. (2014).
Respondents expressed a
No significant correlation
France. Small
preference for high species
between perceived and
recreational public
diversity and related this diversity sample plant and bird species
urban gardens
to their well-being.
richness. Respondents
(approximately 1ha)
underestimated richness of
plant and bird groups.
Muratet et al. (2015).
Plant species richness was
Respondents generally
France. A large urban
appreciated for providing beauty
underestimated the level of
park (25 ha).
and a sense of wellbeing.
plant biodiversity.
Fuller et al. 2007.
Components of park user
Sampled and perceived plant
United Kingdom. 30
psychological wellbeing (PWB;
species richness measures
Publically accessible
reflection and distinct identity)
were correlated.
urban greenspace > 1
were positively associated with
Sampled and perceived bird
ha.
increasing sample plant species
species richness measures
richness. Components of park user were not correlated.
PWB (continuity with past and
attachment) were positively
associated with increasing bird
species richness.
Dallimer et al. (2012).
The PWB components reflection, No relationship between
United kingdom.
continuity with past and
perceived and sample species
34 publically
attachment were more strongly
richness.
accessible, semi-natural related to perceived measures of
Perceived plant and
riparian urban
plant and bird richness, and to a
perceived bird species
greenspace.
lesser extent sample bird richness, richness measures were
but declined with sample plant
correlated.
richness
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Hoyle et al. (2017).
England. 31 Park and
garden sites.
Southon et al. (2018)

Correlations between perceived
Not assessed.
attractiveness and perceived
biodiversity.
Connection to nature was
Perceived species richness of
positively correlated with
individual meadow plots was
perceived total species richness
positively correlated with
(i.e., plants, birds and butterflies)
sample plant species richness
and perceived plant species
of meadow plots. Sample
richness, but not perceived bird or bird and butterfly species
butterfly species richness of park
richness measures were not
sites. The PWB components
counted. Broader plant
reflection, continuity with past
species richness of parks
and attachment were unrelated to (i.e., beyond meadow plots)
perceived levels of species
was not counted.
richness.
Note: These studies typically involved in situ, adult convenience sampling.
better species identification skills (i.e., the ability to correctly name a species) have
previously been associated with more accurate perceptions of park species richness (Dallimer
et al., 2012; Muratet et al., 2015; Southon et al., 2018). However, I hypothesise that species
differentiation skills may be a more important factor influencing perceptions of park species
richness than correctly naming a species.
It is possible that specific ecological characteristics of parks (e.g., canopy cover) cue
perceptions of species richness (Fuller et al., 2007; Dallimer et al., 2012; Southon et al.,
2018). If these specific ecological indicators can be identified, researchers can investigate
whether such proxy measures are more closely linked to the psychological outcomes of park
users than sample or perceived levels of species richness. Indeed, Dallimer et al. (2012)
suggested there may be more relevant ecological characteristics of parks to relate to the
psychological outcomes of park users than species richness per se.
Researchers have begun to identify the specific ecological characteristics of parks which
may act as proxy measures for park users to interpret species diversity. Hoyle et al. (2017)
found flower cover was related to the level of native plant species richness that park users
perceived. Southon et al. (2018) found perceived plant species richness of meadow plots was
not related to flower cover but did increase with perceived colourfulness. Fuller et al. (2007)
suggested structural habitat heterogeneity might cue park users’ perceptions of plant species
richness and benefits of nature exposure. Fuller et al. (2007) found the number of habitats in a
park was positively related to higher perceived plant species richness and higher PWB
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Table 4. 2: Predictor variables explaining perceptions of park species richness and/or species
differentiation skills – variable justifications and/or supporting literature.
Predictor
Variable justification
variable
Individual factors characterising park users
Age and
Knowledge about species may increase with increasing age and/or
education (Shwartz et al., 2014; Randler et al., 2008; Pilgrim et al., 2008).
Education
However, Hoyle et al. (2017) found respondents with no tertiary
qualifications perceived significantly higher levels of plant biodiversity
than tertiary qualified respondents. Southon et al., (2018) found no
evidence age influenced perceived plant or perceived bird species richness.
Ethnicity (i.e.,
Recent immigrants to Australia may not be familiar with the flora and
English
fauna of their adopted country (Holmes et al., 2004), or may encounter
speaking versus ‘language barriers’ when accessing ecological information, which may
non-English
influence their perceptions of biodiversity. There is some evidence bird
watching is concentrated in English-speaking countries (Connell, 2009),
speaking)
suggesting non-English-speaking respondents may not be as interested in
birds. Also see Benz et al. (2000) who found that greater knowledge about
plants was associated with speaking an indigenous language in Mexico.
Household
People who grow up in greener, less urbanised environments may perceive
distance from
biodiversity more accurately or have better species differentiation skills
(e.g., Shwartz et al., 2014; Pilgrim et al., 2007). Clergeau et al. (2001)
the CBD
found fewer urban residents recognised individual bird species compared
to suburban and rural residents. In Chapter 3, increasing park distance to
the CBD was positively correlated with increased dwelling density and
decreasing percent of UGS in a 1 km radius of parks. This suggests that as
distance to the CBD increased, urbanisation intensity increased across this
study area.
Frequency of
Higher frequency of urban and rural greenspace use has been linked to
better species identification skills more realistic estimations of species
park use
richness (Shwartz et al., 2014; Randler et al., 2008; Pilgrim et al., 2007).
However, Southon et al. (2018) found no association between site use and
perceived level of plant species diversity with that site.
Duration of
Longer visits to parks may result in park users encountering more species,
which may lead to increased species knowledge or awareness.
park use
Ecological factors
Bird abundance

Clergeau et al. (2001) found urban residents were less likely to perceive
birds when bird abundance was high and species diversity was low.

Pesty bird
species richness

Many synanthropic bird species are considered pesty species (Johnston,
2001) and there is some evidence that particular bird species may be
identified more frequently if they are more dominant, disliked or larger
birds (Clergeau et al., 2001) – attributes often exhibited by ‘pesty bird
species’. See also Brock et al. (2017) who identified negatively valued
‘pest’ species.

Turf cover

Southon et al. (2018) found respondents perceived higher levels of plant
species diversity in meadow plantings than mown amenity grassland (i.e.,
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turf cover).
Flower cover

Flowers are readily observable by park users and a diagnostic
characteristic commonly used to identify plants to species. Flowers can
also serve as foraging habitat for birds. It is possible that parks with more
flower cover may be perceived to host higher plant or bird diversity (e.g.,
Hoyle et al., 2017). However Southon et al. (2018) found no association
between flower cover and perceived plant species diversity.

Plant
‘nativeness’

Many Australian native plants have inconspicuous flowers, whereas nonnative cultivars often have large, showy flowers. Therefore it is possible
that exotic species are more readily perceived by park users than native
plants, which may influence perceived levels of plant richness.

Park size

Larger parks may be perceived to host higher levels of plant and bird
species richness simply because there is more space.

Park distance
from the CBD

Highly urbanised parks located closer to the CBD may be perceived to
host comparatively less plant and/or bird species than more suburban areas
with intermediate levels of urbanisation (McKinney, 2008; Clergeau et al.,
2001).

Notes: Canopy cover is omitted from this table because this variable is reviewed in the main
text. CBD = central business district. UGS = urban greenspace.
components (reflection, distinct identity and continuity with past) of park users. Southon et al.
(2018) found some support for the structural heterogeneity hypothesis (Fuller et al., 2007),
given perceived species richness increased with increasing vegetation height of meadows.
Dallimer et al. (2012) suggested tree cover might cue perceptions and benefits of nature – a
component of structural heterogeneity. Dallimer et al. (2012) found that park users’ levels of
perceived plant and perceived bird species richness increased with increasing tree cover;
perceived species richness measures were correlated with one another; and tree cover was
positively associated with components of park users’ PWB (reflection, continuity with past,
attachment). Perceived plant species richness has also been positively associated with
increasing species evenness (Lindemann-Matthies et al., 2010; Southon et al., 2018),
suggesting that when different species occur in similar levels of abundance this may affect
how park users perceive plant species diversity. Other ecological characteristics of parks,
which I hypothesise may cue perceived levels of park plant and/or bird species diversity, are
outlined in Table 4.2.
It is also possible that park users’ perceptions of species richness are related to multiple
ecological characteristics of parks. For example, Southon et al. (2018) reported that
vegetation characteristics of meadow arrays explained much of the variation in respondents’
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perceived level of plant species richness. While estimates of species richness may not align
precisely with ecological sampling, park users may still be able to perceive relative levels of
species richness. That is, parks that vary from low to high ecological complexity may be
perceived to host corresponding levels of low to high species richness. If park users can
perceive relative levels of park species richness, then it is plausible to propose that specific
psychological outcome metrics reported by park users may vary with the species richness of
parks. Accordingly, it may be beneficial to look at how broader typologies of greenspace
ecology (i.e., rare versus common park types; Chapter 3) are related to perceived levels of
species richness, as opposed to focussing on specific ecological characteristics in isolation.
4.1.3 Summary, aims and hypotheses
The literature reviewed above suggests that a suite of individual and ecological factors may
have measurable associations with park users’ (i) psychological outcomes from a visit to
parks, (ii) species differentiation skills, and (iii) perceived levels of park plant and bird
species richness.
The aims of this chapter were to:
1. Examine (i) the socio-demographic profile of park users (e.g., age, gender) and how
city parks are used (e.g., frequency, duration, motivations for use), and (ii) determine
whether these socio-demographic and/or park use variables are related to
psychological outcome metrics, perceptions of nature variables and ecological
characteristics of parks.
2. Determine what individual and/or ecological factors are related to (i) park users’ bird
species differentiation skills, (ii) park users’ perceived level of park plant and bird
species richness, and (iii) the alignment between perceived and ecologically sampled
levels of park plant and bird species richness.
3. Analyse how the psychological outcomes of park users is related to the ecological
characteristics of parks and/or individual factors characterising of park users (i.e.,
subjective wellbeing, park use, socio-demographics, and perceived levels of species
richness).
Specific and directional hypotheses were formed for post hoc mediation models (section
4.2.4.2). However, owing to mixed results in the literature to date and the breadth of variables
included in this study to better explore these complex relationships, specific and directional a
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priori hypotheses were not established across the remaining analyses. Instead, it was broadly
hypothesised that:
1. Park users’ species differentiation skills are associated with morphological
characteristics of bird pairs (e.g., plumage colour), and individual factors (i.e., age,
ethnicity, education, connection to nature, household level of urbanisation).
2. Ecological characteristics of parks (e.g., structural heterogeneity) and individual
factors (e.g., age, ethnicity, duration and frequency of park use) drive variation in (i)
park users’ perceived level of park plant and bird species richness, and (ii) the
alignment between perceived and ecologically sampled levels of park plant and bird
species richness.
3. Ecological characteristics of parks and individual factors (e.g., perceived level of park
species diversity, socio-demographics) drive variation in psychological outcome
metrics.
4.2

Methods

4.2.1 Overview of pathways considered – Aims 1, 2 and 3
The aims addressed in this chapter depend on a complex set of ideas about what factors are
influencing other factors. In some analyses, these factors are presented as response variables,
and in other analyses these factors are positioned as predictor variables. For example, the
connection to nature variable is (i) effectively treated as a stable factor that may influence
perceived levels of park plant and bird species richness response variables in Aim 2, and (ii)
as a response variable that varies with perceived or ecologically sampled ecological
characteristics of parks in Aim 3. For an overview of the pathways tested across this chapter
between response and predictor variables relating to Aims 1, 2 and 3, see Appendix C.1.
4.2.2 Park site and respondent selection
A stratified, random approach was used to select n = 30 city park sites in Sydney, Australia
for concurrent social and ecological sampling between the months of August and December,
2013. Site selection involved controlling for social and ecological qualities of UGS (e.g., no
significant water views, sites located > 1 km apart, between 0.5 – 5.0 ha in size, publically
accessible, etc.) that may otherwise confound research findings (Chapter 2). See Chapter 3
for full details on site selection.
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A standardised strategy was developed for recruiting park users to participate in faceto-face surveys to avoid selection bias (Appendix C.2). Park users were excluded from being
interviewed if they lived overseas, were under the age of 18, or intended to use the
greenspace for < 10 minutes (e.g., passing through the park). A random number generator
was used to determine the park sampling order. Social sampling occurred at each site for a
minimum of one day. Thereafter, social sampling ceased after 30 surveys were completed or
after a maximum of four days sampling (whichever was met first). A time period limitation
was included to ensure social and ecological sampling was completed during a single season
(i.e., Spring). In total, n = 849 park users were interviewed, ranging between n = 16 – 33
respondents at each park site.
4.2.3 Data collection
There were six categories of variables of interest to this study: (A) psychological outcomes of
park use; (B) subjective wellbeing; (C) park use; (D) socio-demographics; (E) perceptions of
nature; and (F) park ecology. An in situ researcher administered survey (Appendix C.3) was
conducted during daylight hours (7am – 7pm) to collect information on variables across
categories A – E (Appendix C.4). A desktop study and in situ ecological sampling were used
to collect information on the ecological characteristics of parks (i.e., category F; Appendix
C.4).
See Chapter 1 (Appendix AA.3) for the positioning of variables grouped across
categories A – F in this chapter, within the Ostrom Social-Ecological Systems Framework
(Ostrom, 2009; McGinnis and Ostrom, 2014). Variables listed in categories A – E below are
micro-level Actor attributes characterising individual park users (i.e., individual factors).
Category F below contains variables characterising the ecological attributes of parks (i.e.,
Resource System, Resource Unit and Related Ecosystem variables).
4.2.3.1 Category A variables – psychological outcome metrics related to park visits
To measure respondents’ psychological outcomes during park use, n = 6 constructs were
measured, comprising n = 13 individual psychological outcome metrics (Appendix C.4). I
selected these variables based on their hypothesised mediatory role between exposure to
nature and beneficial psychological outcomes (Chapter 1).
1. State (i.e., presently experienced) level of connection to nature during park use was
measured using a modified version of the single item Inclusion of Nature in Self
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(INS) scale, developed by Schultz (2001). This item evaluates the degree of
interconnectedness each respondent perceives between self and nature while using the
park, ranging from ‘not at all connected’ to ‘fully connected’.
2. Perceived Restorativeness was measured using the Perceived Restorativeness Scale
developed by Hartig et al. (1997). Twelve items were selected to measure perceived
levels of ‘being away’, ‘fascination’, ‘compatibility’ and ‘legibility’ (3 items each).
3. Perceived likelihood of restoration was measured using the single item statement “you
would be able to rest and recover your ability to focus in this park/garden” (Nordh et
al., 2009).
4. Place attachment was measured using the 12 item scale presented in Williams and
Vaske (2003). Four items were selected to measure place identity and four items were
selected to measure place dependence (herein referred to as ‘identity’ and
‘dependence’ respectively).
5. Preference affect (i.e., level of liking for a park) was measured using the single item
statement “you like this park/garden” (Nordh et al., 2009).
6. Place affect (i.e., how park users felt about parks) was measured using the SAQAP
(Russell and Pratt, 1980). Twelve affective adjectives were selected from each of the
exciting, distressing, gloomy and relaxing scales (three items from each scale) to
measure the level of affective quality that park users verbally attributed to parks.
Using a structured survey, respondents were asked to indicate how strongly they agreed
with a series of statements about their experience at the specific park or garden (n = 30) in
which they were interviewed. Each survey item was modified from the original wording to
refer to “…this park/garden”. For items 2 – 6 above, respondents were directed to use a seven
point Likert response scale where: 1 = strongly disagree, 2 = disagree, 3 = disagree
somewhat, 4 = neutral, 5 = agree somewhat, 6 = agree, and 7 = strongly agree. For full details
see Appendix C.3 and C.4.
Despite criticisms, I considered the INS scale (Schultz, 2001) to be a suitable measure
of connection to nature for my research (i.e., in-situ ecological and social sampling of urban
parks and users) after converting the scale from a trait to a state measure of this construct.
The INS has been criticised for being a single item, graphical tool that (i) cannot be assessed
for reliability, and (ii) forces respondents to form an abstract representation of their
relationship with nature when completing the task, which may reduce accuracy of reports
(Mayer and Frantz, 2004). The INS is also a cognitive, as opposed to affective, measure of
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connection to nature. Yet, the INS has been shown to yield a similar pattern of correlates to,
and moderately correlate with, the CNS: a multi-item, affective measure of connection to
nature. This lead Mayer and Frantz (2004) to suggesting that when time and space are limited
(e.g., in-situ sampling of park users), the INS may be an adequate measure of connection to
nature. Designed to measure a respondents’ perceived relationship between self and nature,
underpinning the INS is the notion that objects such as plants and animals “are valued
because of the degree to which they are included within an individual’s cognitive
representation of self” (Schultz, 2001, pg. 336). The INS therefore seems an appropriate
measure of the connection to nature construct to position as a response variable that may covary with ecological variables characterising park plant and bird assemblages. However, I
considered a state measure of connection to nature to be more plausible than a trait measure
of this construct to associate with human exposure to park environments with varying
ecological characteristics (Section 4.1.1.3). Hence, I modified the INS presented in Schultz
(2001) to a state measure by adding the words “right now” to the end of the stem question
(Mayer et al., 2009). Respondents were directed to use a graphical response scale that was
slightly modified from Schultz (2001) when reporting their perceived interconnectedness
between self and nature (Appendix C.4).
4.2.3.2 Category B variables – subjective wellbeing (SWB)
To assess each respondent’s cognitive and affective evaluation of their life (i.e., SWB; Diener
et al., 2002), three independent factors were measured (Andrews and Withey, 1976; Lucas et
al., 1996). Life satisfaction was measured using the verbal format of the eight item Personal
Wellbeing Index (PWI; International Wellbeing Group, 2013), with a response to satisfaction
with spirituality/religion presented as optional. An 11 point response scale was used where 0
= completely dissatisfied and 10 = completely satisfied. Positive affect and negative affect
experienced over the past month were measured independently, using the International
Positive and Negative affect Schedule Short Form (I-PANAS-SF; Thompson et al., 2007). A
five point response scale was used where: 1 = never, 2 = rarely, 3 = sometimes, 4 = very
often, 5 = always. For full details see Appendix C.4.
4.2.3.3 Category C variables – park use
Nine questions were included in park surveys to measure six aspects of how respondents used
the specific park in which they were interviewed (for full details see Appendix C.4):
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1. Motivation for park use was measured using the same seven point Likert scale
detailed above for category A variables. Respondents were asked the stem question
“please indicate how strongly you agree or disagree with the following categories
describing why you came to the park/garden today: (i) for physical activity, (ii) to get
back to nature, (iii) for peace and tranquillity, (iv) to socialise”.
2. Frequency of park use was measured categorically using the stem question how often
do you usually visit this park/garden? Response categories were: don’t
know/unsure/irregular; first time; rarely; monthly; a couple of times per month; once a
week; a few times a week; and, daily.
3. Distance travelled to use the park was measured categorically using the stem question
how far have you travelled to be at this park/garden today? Response categories
were: > 20 km; 11-20 km; 6-10 km; 2-5 km; and, < 2 km.
4. Duration of park use (actual) at the time of interview commencement was measured
in minutes using the stem question how long have you been in the park/garden today
all up?
5. Duration of park use (intended) on the day of interview was measured in minutes
using the stem question how long do you intend to stay in the park/garden today all
up?
6. Whether respondents visited alone or with company (adult/child/pet) was measured
categorically using the stem question which category best describes the social nature
of your visit to the park today? Response categories included: alone; or, with another
adult, child and/or dog.
4.2.3.4 Category D variables – socio-demographics
Six questions were included in park surveys to measure the socio-demographic characteristics
of park users, which formed seven variables (for full details see Appendix C.4).
1. Ethnicity was measured categorically using the statement “is English your primary
language spoken at home?” That is, home language was used as a surrogate indicator
of ethnicity. Response categories included: Yes, and No.
2. Respondent age was measured categorically using the stem question “do you mind if I
record your age?” Response categories included: 18-24 years; 25-34 years; 35-44
years; 45-54 years; 55-64 years; 65-74 years; and, 75+ years.
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3. Relationship status was measured categorically using the stem question “what is your
relationship status?” Response categories included: married / de facto (living
together); dating (living separately); and, single / separated / divorced / widowed.
4. Education was measured categorically using the stem question “what is your highest
level of formal education”? Response categories included: Year 11 or below; Year
12; TAFE/college Certificate/Diploma; Bachelor degree; Graduate degree or
Diploma; and, Post-graduate degree.
5. Gender was measured categorically using the stem question “do you mind if I record
your gender as male/female?” Response categories included: male; and, female.
6. Household income and household distance from the central business district (CBD)
was calculated from the survey item “what is your postcode?” using Australian
Bureau of Statistics (ABS) 2011 Census QuickStats data (ABS, 2016).
4.2.3.5 Category E variables – perceptions of nature
To avoid the assumption park users understood the ecological concept/meaning of ‘species’,
a definition was provided to each research participant prior to administering questions testing
park users’ bird species differentiation skills and perceived levels of park species richness
(Appendix C.3).
Species differentiation task
To test each respondent’s species differentiation skills, eight pairs of photographs (showing
an individual bird in each photograph) were shown to participants (Appendix C.3). Each pair
of photographs (herein referred to as ‘bird pairs’) consisted of two colour images
(approximately 12 x 8 cm) of different birds shown from a different angle. Four bird pairs
were individuals of the same species, and four bird pairs were individuals of different species.
Morphological similarities and/or differences within and between species (e.g., plumage
colour) formed the underlying structure of the species differentiation task (see Appendix C.5
for full details). Respondents were asked the stem question: “Please tell me if you think the
birds in each pair are (a) the same species, (b) different species or (c) don’t know / unsure.”
Bird species commonly encountered in Sydney’s urban backyards and parks were selected
using BirdLife Australia’s (birdlife.org.au) Birds in Backyards database
(www.birdsinbackyards.net). Photographs used for administering tests were carefully
selected from the internet. On completion of the interview, each respondent was offered the
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opportunity to hear their results from the bird species differentiation test, and offered an
answer sheet with species information.
Perceived species richness
In order to determine how respondents interpreted the species diversity of the park they were
using on the day of interview (i.e., perceived plant species richness; perceived bird species
richness) each respondent was asked: 1) “How many different species of birds do you think
there are in this park today?”; and 2) "How many different species of plants do you think
there are in this park today?”. The inclusion of ‘today’ in the stem question was to account
for temporal variation in bird (and to a lesser extent plant) species richness. Respondents
were directed to use a four point response scale for each taxonomic group that was adapted
from Dallimer et al. (2012). The scale for plants was A = < 20 plant species; B = 20 – 100
plant species; C = 101 – 300 plant species; D = > 300 plant species. The scale for birds was A
= < 5 bird species; B = 5 – 12 bird species; C = 13 – 30 bird species; D = > 30 bird species.
Each scale was informed from minimum and maximum species counts identified across n = 5
parks sampled during a pilot study that were subsequently excluded from the final n = 30
park sites. Perceived plant and perceived bird species richness measures yielded respondent
level ordinal data (A = the lowest category of species richness – D = the highest category of
species richness; Fuller et al., 2007; Dallimer et al., 2012). For full details see Appendix C.4.
4.2.3.6 Category F variables – park ecology
There were n = 13 measures of park ecology. In situ ecological surveys were used to collect
information on n = 8 ecological variables, including: sample bird and plant species richness,
key indicators of vegetation complexity (i.e., plant abundance, structural heterogeneity,
canopy cover, and turf cover), flower cover and bird abundance. Because ecological sampling
was not exhaustive in each park, sample species richness measures were a relative indication
of species diversity across individual park sites. A desktop study collected information on a
further n = 5 ecological variables, including: park size, park distance from the CBD, amount
of UGS in a 1 km radius of each park (using ArcGIS), the proportion of each park’s plant
species that were endemic to Australia (i.e., plant ‘nativeness’), and the proportion of each
park’s total bird species richness that were classified as synanthropic species (i.e., ‘pesty’ bird
species richness). Detailed ecological sampling methods are provided in Appendix C.4 and
Chapter 3.
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Pesty bird species richness variable
To create the ‘pesty’ bird species richness variable, I assigned n = 6 bird species observed
across my park sites (Chapter 3) to this category. Assignment was based on classification of
species according to their “synanthropy” (i.e., association to humans and urban landscapes)
or particular species’ traits that can be used to characterise synanthropic birds (e.g.
introduced/exotic or cavity nesting species) (Guette et al., 2017). Based on available
ecological literature, there was evidence that six birds could be classified as synanthropic
species in Australian urban areas, including the Silver Gull (Chroicocephalus
novaehollandiae; Auman et al., 2011, and references therein), Australian White Ibis
(Threskiornis molucca; Martin et al., 2007; 2010), Noisy Miner (Manorina melanocephala;
Parsons et al., 2006; Haythorpe et al., 2014), Common Myna (Sturnus tristis; Parsons et al.,
2006; Haythorpe, 2014; Haythorpe et al., 2014) and Rock Dove (Columba livia; Taylor et al.,
2013). Given documented Corvid associations with human settlements – both overseas (e.g.
North America (Marzluff and Naetherlin, 2006) and Europe (Preininger et al., 2019)) and in
Australian metropolitan areas (e.g. Perth; Stewart, 1997) – I also classified the Australian
Raven (Corvus coronoides) as a synanthropic species. The percent of bird species identified
in each park that were classified as ‘pesty species’ was calculated from total bird species
counts per park. For example, a park with four bird species, two of which were assigned to
the synanthropic bird species category, yielded a score of 50% on the ‘pesty’ bird species
richness variable.
4.2.3.7 Psychometric analysis of category A, B and E variables
Psychometric analysis indicated the above described psychological outcome metrics reported
during park use (n = 13), and broader measures of park users’ SWB (n = 3), were generally
reliable and valid (see Appendix C.5 for full analysis). Cronbach’s alphas for multi-item
measures were acceptable, ranging between moderate and strong (0.61 – 0.93; Appendix
C.5.1). There was no evidence to suggest removal of any item would have improved the
overall reliability of any construct. Factor analysis showed all items loaded well and as
expected to a priori measures (Appendix C.5.2 – C.5.5). It bears mentioning that factor
analysis did not support the interpretation of place identity and place dependence as distinct
dimensions of a larger place attachment construct (Williams and Vaske, 2003) given all items
loaded between 0.54 – 0.90 on a single factor. Nonetheless, Cronbach’s alphas justified the
use of place identity (0.92) and place dependence (0.84) items. These results establish the
reliability and validity of these multi-item measures for this sample.
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The species differentiation task was newly constructed for my thesis. Despite some
limitations, the pilot, task psychometrics and results combined to indicate that the task was
appropriate for use (Appendix C.5). The underlying structure of the species differentiation
skills task was based on similarities and/or differences in morphological characteristics
within and between species (i.e., intra-species versus inter-species, respectively).
Morphological similarities and/or differences across bird pairs included: (i) plumage colour,
(ii) plumage markings, (iii) eye, beak and feet colour, and/or (iv) other distinctive features
(e.g., presence or absence of crest feathers). Detailed information on why and how the test
was devised, pre‐tested and performed in differentiating between participants (i.e., its
reliability and validity) is provided in Appendix C.5.
4.2.4 Data handling and statistical analyses
Only respondents who lived in the Sydney Greater Capital City Statistical Area, as defined by
the Australian Bureau of Statistics (2012; Appendix C.6), were retained for analysis (n =
813).
Data were analysed at three levels across this study: (i) the respondent level (n = 813
respondents); (ii) the park level (i.e., n = 30 park sites, ranging between n = 16 – 33
respondents per park); and (iii) across a binary classification of park type suggested from the
results of Chapter 3 (i.e., n = 24 common parks hosting ≤ 35 plant species versus n = 6 rare
parks hosting > 35 plant species). Calculating park level data involved taking the mean score
of respondent level data across the respondents interviewed in each park. For full details on
respondent level and park level data transformations and variable calculations, see Appendix
C.4. The respondent data were clustered (i.e., n = 813 respondents interviewed in n = 30
parks). With clustered data, observations are not independent (an assumption of ordinary least
squares regression), and non-independent observations can lead to underestimation of
standard errors. Mean park level variables were used in analyses when it was necessary to
account for data being clustered.
At the respondent level (n = 813 respondents), the proportion of missing data was
minimal (0.38%) across the n = 78 survey items which formed n = 35 variables used across
various respondent level analyses (i.e., category A – E variables). Where respondents had not
answered survey items, pair wise deletion was used by default. No attempt was made to
impute missing values across these 78 survey items at the respondent level. As analyses
conducted at the park level (i.e., between n = 16 – 32 respondents interviewed in each of my
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n = 30 parks) involved using park level means, the proportion of missing values for these n =
78 survey items (i.e., category A – E variables) and all park ecology variables (i.e., category
F variables) was 0%.
4.2.4.1 Aim 1 – Examine the socio-demographics profile of park users and how parks
are used
Descriptive statistics were used to present the socio-demographic characteristics of
respondents and how parks were used at the respondent level (n = 813 respondents) (Aim 1).
Associations between socio-demographics and park use factors and other categories of
variables (i.e., A, B, E, F) were further analysed at the park level (n = 30) and across a binary
classification of park type (n = 2) based on the ecological variable sample plant species
richness. That is, n = 6 parks with sample plant species richness > 35 were classified as ‘rare
parks’ and n = 24 parks with sample plant species richness ≤ 35 were classified as common
parks (Chapter 3). For continuity when reporting results, I have presented with Aim 1 results
any associations identified from the park level correlation analysis and Mann Whitney U
Tests, between category A, B, E and F variables and (i) socio-demographic, and (ii) park use
factors.
4.2.4.2 Aim 2 – Factors related to (i) species differentiation skills, (ii) perceived levels
of park species richness and (iii) the alignment between perceived and sampled
species richness.
There were five response variables for Aim 2: (i) species differentiation skills; (ii) perceived
level of park plant species richness (perceived plant species richness); (iii) perceived level of
park bird species richness (perceived bird species richness); (iv) alignment between
perceived and ecologically sampled park plant species richness (alignment plants); and (v)
alignment between perceived and ecologically sampled park bird species richness (alignment
birds). Each response variable was modelled against a suite of individual and environmental
predictor variables. Appendix C.4 contains information on variable data sources, sampling
information and variable calculation methods. Model summaries are included in Table 4.3.
Details on the response variables and statistical methods used to answer research questions
were as follows:
(i) Species differentiation skills
The response variable species differentiation skills was constructed by classifying the answer
to each bird pair as binomial (i.e., correct versus wrong, where ‘don’t know/unsure’
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responses were classified as ‘wrong’), with probability of correctness being given by a linear
combination of various explanatory variables, including question number (n = 8 bird pairs).
This adjusted for difficulty of the question and enabled the main effect of each bird pair on
species differentiation skills to be assessed. The species differentiation skills model was fitted
using a logistic regression. To account for data being clustered, park code (n = 30) was added
as a random effect to the species differentiation skills logistic regression. The potential
influence of park type (i.e., rare versus common parks) on species differentiation skills was
also explored. Because neither park code nor park type had any notable effect on the results,
these variables were not included when identifying the most parsimonious model. The
species differentiation skills variable was subsequently used as a predictor variable against
the perceived plant species richness and perceived bird species richness response variables
(Table 4.3).
(ii) Perceived plant species richness and (iii) perceived bird species richness
The raw estimate given by each respondent along the perceived bird and perceived plant
species richness scales (ranging from 1 – 4) formed two response variables: perceived bird
species richness and perceived plant species richness, respectively. Analysis of the factors
associated with perceived bird species richness and perceived plant species richness was
performed (i) at the respondent level using a recursive binary partitioning analysis (i.e.,
‘ctree’ analysis), (ii) at the park level using correlation analysis, and (iii) across park types
using Mann Whitney U Tests. A correlation coefficient was also computed at the respondent
level (n = 813) between perceived plant and perceived bird species richness measures.
(iv) Alignment plants and (v) alignment birds
An index developed by Dallimer et al. (2012) was adapted to quantify the alignment between
the level of plant species richness perceived by respondents (perceived plant species
richness) and the number of plant species identified during ecological sampling of each park
(sample plant species richness). This procedure was repeated for birds. The alignment plants
and alignments birds response variables therefore represented the difference, if any, between
the level of species richness perceived by a respondent and the level of species richness
indicated by ecological sampling of the park (calculated separately across plant and bird
groups). Hence, the two response variables exploring alignment (i.e., alignment plants and
alignment birds) took the values: 0 = alignment between the respondents perceived level of
species richness and the ecologically sampled level of species richness; +1, +2 or +3 = the
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respondent perceived a level of species richness higher than indicated by ecological sampling
by 1, 2 or 3 factors, respectively; or -1, -2, -3 = the respondent perceived a level of species
richness lower than indicated by ecological sampling by 1, 2 or 3 factors, respectively (see
Appendix C.4 for further details). Factors related to the alignment plants and alignment birds
response variables were explored at the ‘respondent level’ using a recursive binary
partitioning analysis (i.e., ctree analysis).
ctree analysis
To examine factors that drive respondent level perceptions of nature, recursive binary
partitioning, implemented in the ‘ctree’ function (Hothorn et al., 2006), was performed in R
(R Core Team, 2017). Because my ‘respondent level’ ctree models were non-linear, I was
able to explore a range of ecological characteristics hypothesised to influence perceptions of
park biodiversity without being limited by the issue of multi-collinearity between highly
correlated measures of park ecology across my park sites (Appendix C.7; category F
variables). Investigation at the respondent level also enabled consideration of individual
factors characterising park users (e.g., English-speaking versus non-English-speaking) as
factors that may influence perceived levels of species richness.
In this procedure (i.e., recursive binary partitioning), the observations are recursively
split according to whether a variable is greater than a cut point. The variable used for the split
and the cut point are chosen by conducting a global test of independence of the response and
the explanatory variables available (Table 4.2). The stop criterion selected in this study was
based on multiplicity adjusted p-values (Bonferroni). This creates a binary ‘tree’ which
categorises each respondent according to splits along the tree. At each node (where splits
occur) it is optional not to use all of the variables. However, all hypothesised predictor
variables were available for splitting at each node. Splits can occur multiple times on one
variable throughout a tree within mutually exclusive categories. A range of models were
considered at different significance levels by setting the mcriterion in the ctree program to 0.1
for the aforementioned hypotheses test. Given the algorithm selects the input variable with
the strongest association with the response, the strongest variable is always selected
irrespective of setting a generous p-value. Predictor variables with the strongest relationship
are observed higher in the tree. There was no minimum set on the size of a terminal node.
This procedure generated a range of models of varying complexity. To describe the data in a
meaningful way, I selected parsimonious trees that were readily interpretable.
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To account for respondents being clustered in parks, the variable park code was
initially included in predictor combinations modelled against each response variable using
ctree analysis. For the perceived bird species richness response variable, park code was not
significant. Because park code dominated node splits for the remaining three response
variables (i.e., perceived plant species richness, alignment plants and alignment birds), two
different predictor combinations were performed against each of these response variables
(i.e., 2 models each; Table 4.3). For the perceived plant species richness response variable
one predictor combination included park code and another predictor combination excluded
park code. For the alignment plants and alignment birds predictor variables one model
excluded park code and another model consisted of park code only. Excluding park code
enabled exploration of both the ecological characteristics of parks, and individual factors
characterising park users, as factors that may influence these response variables. Ctree's with
park code are presented in the Appendix, while those without park code are presented in the
main text.
Mediational analyses
Mediation seeks to explain “how external physical events take on internal psychological
significance” (Baron and Kenny, 1986, pg. 1176). Using results from my respondent level
ctree and correlation analyses (Table 4.6), variable/s with the strongest association with
perceived plant species richness were considered as mediating variable/s (i.e., M variables)
on the relationship between sample plant species richness (i.e., X variables) and perceived
plant species richness (i.e., Y variables). Hence, mediating variable/s were hypothesised to
cue park users’ perceived plant species richness (Y variable) when exposed to parks with
varying levels of sample plant species richness (X variable). This process was then repeated
to identify candidate mediating variable/s on the relationship between sample bird species
richness (i.e., X variable) and perceived bird species richness (i.e., Y variable).
To meet model assumptions, only normally distributed variables qualified for use in a
mediation analysis as a mediating variable. Structural heterogeneity was not normally
distributed at the park level (with either a square root or log transformation), which precluded
its use as a mediating variable. Moreover, a variable only qualified for positioning as a
mediating variable if there was theoretical/conceptual support for anticipating why this
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Table 4. 3: Aim 2 model summary showing predictor combinations used when modelling
each response variable.
Response
Analysis
Model(s)
variables
1. Species
Logistic
1.1 Species differentiation skills ~ bird pair 1 + bird pair 2 +
differentiati regression
bird pair 3 + bird pair 4 + bird pair 5 + bird pair 6 + bird
on skills
pair 7 + bird pair 8 + age + education + household
distance from CBD + ethnicity + connection to nature
2. Perceived
Recursive
2.1 Perceived plant species richness ~ age + education +
plant
binary
ethnicity + connection to nature + frequency of park use
species
partitioning
+ duration of park use + household distance to CBD +
richness
(ctree)
sample park plant species richness + park size + turf
cover + canopy cover + plant abundance + structural
heterogeneity + flower cover + park distance from the
CBD + plant nativeness + species differentiation skills
2.2 Perceived plant species richness ~ (as for 2.1 above) +
park code
3. Perceived
Recursive
3.1 Perceived bird species richness ~ age + education +
bird species binary
ethnicity + connection to nature + frequency of park use
richness
partitioning
+ duration of park use + household distance to CBD +
(ctree)
sample park plant species richness + park size + turf
cover + canopy cover + plant abundance + structural
heterogeneity + flower cover + park distance from the
CBD + sample park bird species richness + bird
abundance + pesty bird species richness + species
differentiation skills + park code
4. Alignment
Recursive
4.1 Alignment plants ~ age + education + ethnicity +
plants
binary
connection to nature + frequency of park use + duration
partitioning
of park use + household distance from the CBD + sample
(ctree)
park plant species richness + park size + turf cover +
structural heterogeneity + canopy cover + plant
abundance + flower cover + plant nativeness + park
distance from the CBD.
4.2 Alignment plants ~ park code (only)
5. Alignment
Recursive
5.1 Alignment birds ~ age + education + ethnicity +
birds
binary
connection to nature + frequency of park use + duration
partitioning
of park use + household distance from the CBD + sample
(ctree)
park bird species richness + bird abundance + pesty bird
species richness + sample park plant species richness +
park size + turf cover + structural heterogeneity +
canopy cover + plant abundance + flower cover + plant
nativeness + park distance from the CBD
5.2 Alignment birds ~ park code (only)
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variable might mediate the relationship between X and Y variables. For example, I identified
a significant negative correlation between pesty bird species richness (potential M variable)
and perceived level of plant species richness (Y variable). Yet I could find no theoretical or
conceptual support for positioning pesty bird species richness as a mediator of the
relationship between perceived and sampled plant species richness. This process resulted in
the development of two mediation models as outlined below.
Post hoc Aim 2.1:
To determine whether perceived bird species richness (M) mediates the relationship between
sample plant species richness (X) and perceived plant species richness (Y).
Post hoc Aim 2.1 hypotheses:
I hypothesised that when participants are exposed to parks with varying levels of sample
plant species richness, they perceive a level of bird species richness, and extend this
perception across to inform their perceived level of plant species richness (Dallimer et al.,
2012).


c path: exposure to parks with increasing sample plant species richness will be positively
associated with increasing perceived plant species richness.



a path: exposure to parks with increasing sample plant species richness will be positively
associated with increasing perceived bird species richness.



b path: increasing perceived bird species richness will be positively associated with
increasing perceived plant species richness.



c' path: when controlling for perceived bird species richness, the relationship between
sample and perceived plant species richness will be weakened (partial mediation) or nonsignificant (full mediation).

Post hoc Aim 2.2:
To determine whether pesty bird species richness (M) mediates the relationship between
sample bird species richness (X) and perceived bird species richness (Y).
Post hoc Aim 2.2 hypotheses:
I hypothesised that when participants are exposed to parks with varying levels of sample bird
species richness, they encounter varying levels of pesty bird species richness, which cues
their perceived level of bird species richness.
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c path: exposure to parks with increasing sample bird species richness will be positively
associated with increasing perceived bird species richness.



a path: exposure to parks with increasing sample bird species richness will be negatively
associated with exposure to increasing pesty bird species richness.



b path: exposure to parks with increasing pesty bird species richness will be negatively
associated with increasing perceived bird species richness.



c' path: when controlling for pesty bird species richness, the relationship between sample
and perceived bird species richness will be weakened (partial mediation) or non–
significant (full mediation).
In order to assess each component of the proposed mediation models, multiple

regression analyses were conducted in SPSS v. 24 (IBM Corp, 2016), using the INDIRECT
package (Preacher, and Hayes, 2008; Hayes, n.d.). Data transformations included a square
root transformation of pesty bird species richness, and log transformation of sample plant and
sample bird species richness. Where a, b and c paths were identified as significant, mediation
analyses was conducted using a bootstrapping method with bias-corrected confidence
estimates (Preacher and Hays, 2004; MacKinnon et al., 2004). A 95% confidence interval of
the indirect effects was achieved with 5000 bootstrap resamples (Preacher and Hays, 2008).
4.2.4.3 Aim 3 – Analyse how the psychological outcomes of park users are related to
the ecological characteristics of parks and individual factors.
Three analyses were conducted to determine whether n = 13 psychological outcome metrics
(category A variables) were associated with individual factors characterising park users
(category B – E variables) and/or the ecological characteristics of parks (category F
variables). First, a park level (n = 30) correlation analysis was computed between all
variables of interest (i.e., categories A – F). Next, a series of Mann Whitney U Tests was
performed comparing all variables of interest across rare (n = 6) versus common (n = 24)
parks (i.e., park types). Then, generalised linear modelling was performed at the park level (n
= 30) to analyse how n = 13 psychological outcome metrics (response variables) were related
to a suite of predictor variables characterising individual park users and the ecological
attributes of city parks.
In this Chapter, I present full results from these three analyses for the following n = 8
psychological outcome metrics: connection to nature; the perceived restorativeness
components being away, fascination, legibility and compatibility; perceived likelihood of
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restoration; and the place attachment dimensions identity and dependence. For the remaining
n = 5 psychological outcome metrics (i.e., preference affect, and place affect components
exciting, distressing, gloomy and relaxing), I briefly present the results from the correlation
analysis and Mann Whitney U Tests in this Chapter (i.e., Chapter 4) and present the full
results (including generalised linear modelling) in Chapter 5.
Correlation analysis
Spearman’s correlations were computed in SPSS v. 24 (IBM Corp, 2016) between all
categories of variables (i.e., A – F) at the park level (n = 30). Bonferroni corrections were
calculated and correlations are reported at the significance level p < 0.05 (n = 30, rs > ± 0.58),
unless otherwise stated.
Rare versus common park comparisons
A series of Mann Whitney U tests (to allow for non-normality of data) were carried out in
SPSS v. 24 (IBM Corp, 2016) to determine whether the mean rank of common versus rare
park groups differed significantly across all variables of interest (categories A – F). To do so,
one ecological variable (i.e., sample plant species richness) was used to classify parks into
either rare or common park type categories. I dummy coded the (i) n = 6 rare parks with
sample plant species richness > 35 as ‘group 1’, and (ii) n = 24 common parks with sample
plant species richness ≤ 35 as ‘group 0’. Visual inspection identified dissimilar distributions
between groups across all variables. Hence, statistically significant differences between the
mean ranks of groups are reported for each variable (instead of the median), using an exact
sampling distribution for U (Dinneen and Blakesley, 1973). Test statistics are presented in
Table 4.4, and p-values are presented in text using the significance level of p ≤ 0.05. Mann
Whitney U test results comparing mean ranks of common versus rare park groups across the
variables perceived plant species richness and perceived bird species richness are presented
with Aim 2 results (section 4.3.2).
Generalised linear modelling
Assumptions testing
No data transformation across any response variable was necessary. Exploratory scatter plots
were used to confirm a linear relationship between all response and predictor variable
combinations. Non-linear combinations were discarded from further analysis. An assumption
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of generalised linear models (GLMs) is that the residuals are normally distributed; hence
histograms and/or Q-Q plots were generated for each model to visually inspect for
approximately normally distributed residuals. Where residuals were not normally distributed,
models were re-run with either a log or square root transformed predictor variable(s) to
achieve normality, or else the model was discarded. See Table 4.7 for details on non-linear
variable combinations and GLM that were discarded due to non-normally distributed
residuals. Review of the Spearman’s correlation matrix identified that many predictor
variables were highly correlated (Appendix C.7). In turn, only pair-wise predictor variable
combinations with a correlation < ± 0.60 were selected for inclusion in multivariate GLMs
(this is a conservative approach given that a common threshold used is < ± 0.70 to address
multicollinearity; Dormann et al. 2013).
Model development and interpretation
A range of univariate and multivariate GLMs were constructed to explore the individual and
ecological factors hypothesised to influence the n = 8 psychological outcome metrics
analysed in this chapter (i.e., Chapter 4). An Information-Theoretic (I-T) approach was used
to provide a formal measure of strength and support for each competing model (Burnham et
al., 2011). A GLM was used to compare alternative explanatory models against each response
variable. Competing models were ranked using Akaike Information Criterion values (AICC;
where C = corrected for small sample size < 40). A smaller AICC value indicates a better
model fit within a group of models explaining a response variable. A null model (constant
only) was also produced to assess overall model fit of candidate models. For each response,
the difference in AICc values (Δi) between the best fitting model (i.e., lowest AICc) and all
other models was calculated. As a course guide to interpreting competing models, Symonds
and Moussalli (2011) suggest that models with a Δi < 2 are considered to have substantial
support, models with a Δi up to 6 may warrant consideration (Richards, 2005), and models
with a Δi AICc > 10 are sufficiently poorer than the best ranked AICC model that they may be
discounted from further consideration (Burnham and Anderson, 2002).
First, a suite of individual and ecological predictor variables was modelled separately
against each response variable (i.e., univariate GLMs). This provided a relative indication of
the explanatory power of (often highly correlated) predictor variables. Next, multivariate
GLMs were constructed. Because my sample size was 30 parks, it was not appropriate to fit
more than three-to-four predictor variables in any one model, to avoid over-fitting
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(Tabachnick and Fidell, 2013). Three factors I used to select predictors when constructing
multivariate models were univariate GLMs with the strongest support (i.e., lowest AICC),
prior literature, and results from Mann Whitney U Tests. Mann Whitney U Tests identified
significant differences in the age, gender, frequency of park use and motivation for park use
to get back to nature between rare and common park users. In turn, these variables were
augmented with models where not already strong candidate variables identified by univariate
model results. As a result, multivariate predictor combinations varied across response
variables. See Appendix C.8 for details on multivariate model development for each response
variable (n = 8).
Because multivariate model construction generated a range of models containing
combinations of between two to four predictor variables, parsimony was a key determinant
informing model selection (i.e., fewest parameters, lowest AICc). A multivariate model was
only retained where the AICC was lower than the AICC of the ‘best ranked’ (i.e., lowest
AICC) univariate model. Further, where a multivariate model with a greater number of
parameters had a higher AICC than a multivariate model with identical, but fewer parameters,
the former was discarded when identifying the most parsimonious model. For example, a
model with x + y + z parameters (k = 3; AICC = 10) was discarded and a model with x + y
parameters (k = 2; AICC = 5) was retained (because the addition of parameter ‘z’ did not
improve model fit and the former model was therefore less parsimonious). Models were
excluded from further consideration if the confidence intervals (CIs) of any parameter(s)
encompassed zero. CIs that encompass zero indicate a ‘non-significant’ relationship, meaning
the parameter may have no effect on the response (since its value could be zero). However,
models with CIs that encompassed zero are still presented (when the model met the
parsimony criteria detailed above).
All analyses were carried out in SPSS v. 24 (IBM Corp, 2016) unless otherwise
stated.
4.3

Results

4.3.1 Aim 1 - examination of the socio-demographic profile of park users and how
parks are used
4.3.1.1 Socio-demographic profile of park users
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Descriptive statistics
Park users’ socio-demographic profile is presented in Appendix C.9.1. Marital status,
ethnicity and tertiary education rates of respondents (n = 813) were similar to Australian
averages (ABS, 2012a; 2012b; 2014). Respondent age was positively skewed, with 70.1% of
respondents < 45 years old (n = 570), consistent with ABS findings that people aged 20 – 44
years old are highly represented in Australian capital cities (ABS, 2013). The sex ratio was
78.1 males per 100 females in this study, notably lower than the Australian Greater Capital
Cities sex ratio of 98.4 (ABS, 2013). A post hoc Chi-Square Test of Independence indicated a
significantly higher percentage of female (56.1%; n = 456) than male (43.8%; n = 356) park
users (n = 812; p < 0.001). Mean weekly household income of park users was $358.94 higher
than the Sydney Greater Capital City Statistical Area (ABS, 2016). Household distance from
the CBD ranged from 0.18 – 85.55 km, and > 80% of respondents lived within 20 km of the
CBD.
Park level correlations
The correlation matrix is presented in Appendix C.7. Respondent age was significantly
positively correlated with (i) the place attachment dimensions identity and dependence (see
Aim 3 results), (ii) satisfaction with life (rs = 0.63), and (iii) park distance from the CBD (rs =
0.62). The proportion of park users classified as married / de facto was significantly
negatively correlated with the proportion of park users who visited alone (rs = -0.74) and
positively correlated with motivation to use the park for physical activity (rs = 0.63).
Household distance from the CBD was significantly positively correlated with distance
travelled to use a park (rs = 0.66) and park distance from the CBD (rs = 0.64), indicating that
as park sites were located further from the CBD, park users reported living further from the
CBD and travelled further to use park sites.
Rare versus common park comparisons
Results from Mann Whitney U Tests (Table 4.4) indicated that, compared to common park
users, rare park users were significantly older (p < 0.013) and comprised of a larger
proportion of males (p = 0.029). The proportion of respondents that had a Bachelor degree or
higher (p = 0.230), were married / de facto (p = 0.129) or primarily spoke English at home (p
= 0.191) did not differ significantly between common and rare parks. Nor were there
significant differences across rare and common parks regarding park users’ mean household
income (p = 0.296) or household distance from the CBD (p = 0.082).
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Table 4. 4: Mann Whitney U Tests for a significant difference in the mean rank between
‘rare’ and ‘common parks’ across six categories of variables of interest to this study: (A)
psychological outcomes of park use, (B) subjective wellbeing, (C) park use, (D) sociodemographics, (E) perceptions of nature, and (F) park ecology.
Mean Rank
Mann Whitney U Tests
Common
Rare
Variable
parks
parks
U
z
p-value
(n = 24)
(n = 6)
Psychological outcomes of park use
Connection to nature
12.81
26.25
7.5 -3.346
< 0.001
Perceived restorativeness – being away
12.88
26.00
9.0 -3.267
< 0.001
Perceived restorativeness – fascination
12.63
27.00
3.0 -3.578
< 0.001
Perceived restorativeness – compatibility
14.23
20.58
41.5 -1.583
0.116
Perceived restorativeness – legibility
17.40
7.92
26.5 -2.361
0.015
Likelihood of restoration
13.21
24.67
17.0 -2.852
0.003
Place attachment – identity
12.98
25.58
11.5 -3.137
0.001
Place attachment – dependence
12.94
25.75
10.5 -3.190
< 0.001
Preference affect
12.88
26.00
9.0 -3.267
< 0.001
Place affect – exciting
12.63
27.00
3.0 -3.578
< 0.001
Place affect – gloomy
18.38
4.00
3.0 -3.578
< 0.001
Place affect – distressing
18.10
5.08
9.5 -3.241
< 0.001
Place affect – relaxing
12.58
27.17
2.0 -3.630
< 0.001
Subjective wellbeing
Negative affect (past month)
16.21
12.67
55.0 -0.882
0.402
Positive affect (past month)
14.42
19.83
46.0 -1.349
0.191
Overall satisfaction with life
13.92
21.83
34.0 -1.970
0.050
Park use
Motivation – to get back to nature
13.42
23.83
22.0 -2.592
0.008
Motivation – for peace and tranquillity
14.52
19.42
48.5 -1.219
0.230
Motivation – to socialise
14.54
19.33
49.0 -1.193
0.251
Motivation – for physical exercise
14.83
18.17
56.0 -0.830
0.432
Frequency of park use
17.10
9.08
33.5 -1.997
0.044
Duration of park use (intended time)
14.17
20.83
40.0 -1.659
0.104
Distance travelled to use park
14.17
20.83
40.0 -1.659
0.104
Social nature of visit (alone*)
16.75
10.50
42.0 -1.556
0.129
Socio-demographics
Respondent age
13.56
23.25
25.5 -2.411
0.013
Gender (male*)
13.75
22.50
30.0 -2.181
0.029
Marital status (married / de facto*)
14.27
20.42
42.5 -1.531
0.129
Ethnicity (English-speaking*)
16.58
11.17
46.0 -1.439
0.191
Education (bachelor degree or higher*)
16.50
11.50
48.0 -1.245
0.230
Income
14.63
19.00
51.0 -1.089
0.296
Postcode distance from the CBD
14.08
21.17
38.0 -1.763
0.082
Perceptions of nature
Perceived plant species richness
12.63
27.00
3.0 -3.578
< 0.001
Perceived bird species richness
13.44
23.75
22.5 -2.569
0.008
Species differentiation skills
15.46
15.67
71.0 -0.052
0.959
Park ecology
Sample plant species richness
12.50
27.50
0.0 -3.738
< 0.001
Pesty bird species richness
18.31
4.25
4.5 -3.520
< 0.001
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Park distance from the CBD
13.71
22.67
29.0 -2.230
0.025
Turf cover
18.50
3.50
0.0 -3.755
< 0.001
Canopy cover
12.92
25.83
10.0 -3.215
< 0.001
Flower cover
13.10
25.08
14.5 -3.016
0.001
Plant abundance
12.67
26.83
4.0 -3.528
< 0.001
Structural heterogeneity
12.58
27.17
2.0 -3.644
< 0.001
Sample bird species richness
13.73
22.58
29.5 -2.269
0.025
Bird abundance
16.21
12.67
55.0 -0.881
0.402
Park size
15.13
17.00
63.0 -0.467
0.667
Plant ‘nativeness’
14.75
18.50
54.0 -0.933
0.374
Notes: Significance level: p ≤ 0.05. Non-significant differences between means of rare and
common parks are shaded grey. CBD = central business district. Data calculated using park
level means of respondent level data. * reflects the proportion of respondents in each park (i)
that visited alone (i.e., without the company of another adult/child or dog; social nature of
visit), (ii) that were male (i.e., gender), (iii) that were married / de facto (i.e., marital status),
(iv) whose primary language spoken at home was English (i.e., ethnicity), and (iv) that were
bachelor degree or higher educated (i.e., education).

4.3.1.2 Analysis of how parks are used
Descriptive statistics
Park use statistics are presented in Appendix C.9.2 and C.9.3. Most respondents frequented
the park site in which they were interviewed ≥ weekly (58.4%), intended to use parks for ≤
60 minutes on the day of interview (79.7%), travelled < 2 km to visit the park (63.7%) and
did not visit alone (67.7%). Regarding motivations for park use on the day of interview, most
respondents agreed to some extent (i.e., agree somewhat – strongly agree) they used the park
for peace and tranquillity (71.6%) and to get back to nature (52.8%), but disagreed to some
extent (i.e., disagree somewhat – strongly disagree) they used the park for physical exercise
(58.3%). Respondents were fairly evenly split regarding the extent to which they agreed
(40.5%) or disagreed (44.2%) they were motivated to use parks to socialise.
Park level correlations
The correlation matrix is presented in Appendix C.7. Intended duration of park use on the day
of interview was significantly positively correlated with actual duration of park use at the
time of interview (rs = 0.81). Distance travelled to use a park was significantly negatively
correlated with frequency of site use (rs = -0.67). Motivation to use a park to socialise was
significantly negatively correlated with the proportion of park users who visited alone (rs = 0.81). Motivation for park use to get back to nature was significantly positively correlated
with motivation to use the park for peace and tranquillity (rs = 0.65), and three psychological
outcome metrics (all rs ≥ 0.62; see Aim 3 results).
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Rare versus common park comparisons
Mann Whitney U Tests (Table 4.4) indicated that, compared to common park users, rare park
users reported significantly higher motivation for park use to get back to nature (p = 0.008)
and lower frequency of site use (p = 0.044). Post hoc analysis showed dissimilar frequency of
park use between rare versus common parks. Compared to 20% of common park users, 53%
of rare park users reported vising parks ‘for the first time’ or ‘rarely’ (Appendix C.9.4). There
was no significant difference between park types regarding motivations for park use to
socialise (p = 0.251), for peace and tranquillity (p = 0.230), for physical exercise (p = 0.432),
intended duration of park use (p = 0.104), distance travelled to use the park (p = 0.104) or the
proportion of park users who visited alone (p = 0.129; Table 4.4).
4.3.2 Aim 2 – factors related to bird species differentiation skills, perceived plant
species richness, perceived bird species richness, alignment plants and alignment
birds.
4.3.2.1 Factors related to species differentiation skills
Species differentiation test results are presented in Appendix C.10. Summed across all
respondents (n = 813), 67.8% (n = 4410) of bird pairs were differentiated correctly, 31.6% (n
= 2055) were differentiated incorrectly (which included ‘unsure / don’t know’ responses),
and 0.6% (n = 39) had no response.
Respondent age, ethnicity and the specific bird pair (n = 8) had a significant influence
on the probability of a respondent correctly differentiating between any bird pair (logistic
regression results presented in Table 4.5). The likelihood of getting a correct answer
increased in 45 – 54 year olds by a factor of 1.3 compared to respondents aged 18 – 24 years
(base age category). Compared to English-speaking respondents, those from a non-Englishspeaking background had a decreased likelihood of getting a correct answer by a factor of
1.4. A significant difference was detected between the base bird pair (pair one) and all other
bird pairs except pair eight; indicating that some bird pairs were easier to differentiate than
others.
The raw score achieved in the species differentiation test (i.e., correct answers out of
8 bird pairs) was not significantly correlated with any variable across categories A-F
(Appendix C.7), and results from a Mann Whitney U Test indicated no significant difference
in mean rank between rare versus common park users (p = 0.959; Table 4.4).
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Table 4. 5: Logistic regression showing species differentiation skills were significantly
related to the bird pair (n = 8), respondent age and ethnicity.
Odds
Estimate
SE
UCLM LCLM p-value Sig.
ratio
(Intercept)
1.14
0.15
4.23
2.33
< 0.001 ***
Pair two
0.31
1.36
0.13
1.74
1.06
0.015
*
Pair three
-1.05
0.35
0.11
0.43
0.28
< 0.001 ***
Pair four
-0.35
0.71
0.12
0.89
0.56
0.003 **
Pair five
-1.72
0.18
0.11
0.22
0.14
< 0.001 ***
Pair six
0.61
1.85
0.13
2.40
1.42
< 0.001 ***
Pair seven
-1.03
0.36
0.11
0.44
0.29
< 0.001 ***
Pair eight
0.03
1.03
0.12
1.30
0.81
0.819
Age 25 – 34
0.07
1.07
0.10
1.30
0.88
0.495
Age 35 – 44
0.18
1.20
0.10
1.47
0.98
0.080
Age 45 – 54
0.27
1.31
0.12
1.65
1.04
0.024
*
Age 55 – 64
0.04
1.04
0.13
1.35
0.80
0.761
Age 65 – 74
-0.03
0.97
0.14
1.28
0.74
0.835
Age ≥ 75
0.10
1.10
0.19
1.61
0.76
0.611
Education: HSC^ or
0.771
0.02
1.02
0.08
1.19
0.88
below
Education: TAFE
-0.05
0.95
0.08
1.11
0.81
0.531
Household distance from
0.084
0.01
1.01
0.00
1.01
1.00
CBD
Ethnicity: non-English< 0.001 ***
-0.34
0.71
0.08
0.83
0.61
speaking
Connection to nature
0.00
1.00
0.02
1.04
0.96
0.971
Notes: * p < 0.05; ** p < 0.01; *** p < 0.001. Categorical responses are compared to the base
category. For bird pairs the base category was Pair one: Eastern Rosella (Platycercus
eximius) and Rainbow Lorikeet (Trichoglossus haematodus). Pair two = Pied currawongs
(Strepera graculina). Pair three = Noisy Miner (Manorina melanocephala) and Common
Myna (Sturnus tristis). Pair four = Rock Doves (Columba livia). Pair five = Superb Fairy
Wrens (Malurus cyaneus). Pair six = Willie Wagtails (Rhipidura leucophrys). Pair seven =
Spotted Dove (Streptopelia chinensis) and Crested Pigeon (Ocyphaps lophotes). Pair eight =
Sulphur Crested Cockatoo (Cacatua galerita) and Galah (Eolophus roseicapillus). When
compared to the base bird pair (pair one), the likelihood of getting a correct answer increased
by a factor of 1.36 and 1.85 for bird pairs two and six, respectively, and, decreased by a
factor of 2.87, 1.41, 5.61 and 2.8 for bird pairs three, four, five and seven, respectively. For
ethnicity the base category was English-speaking, for age the base category was 18 – 24 years
and for education the base category was ‘bachelor degree or higher’. ^HSC = High School
Certificate – the credential awarded to secondary school students who successfully complete
senior high school level studies (years 11 & 12) in New South Wales, Australia. Full details
on the development of the species differentiation skills task are provided in Appendix C.5.
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4.3.2.2 Factors related to perceived levels of park plant species richness
Ctree analysis (with park code)
The ctree figure with park code modelling factors related to perceived plant species richness
is presented in Appendix C.11. The level of plant species richness perceived by respondents
across different clusters of parks generally corresponded with the level of plant species
richness indicated by ecological sampling. For example, respondents perceived significantly
higher levels of plant species richness when using the parks captured in node 2 (p < 0.001)
which contained higher levels of ecologically sampled plant richness (including four rare
parks) compared to parks captured across the remaining nodes that had relatively lower levels
of sampled plant species richness. Also, non-English-speaking respondents perceived
significantly lower levels of plant species richness (p = 0.018; node 5) compared to Englishspeaking respondents (with the exception of one park, Eastlakes Reserve, where Englishspeaking respondents perceived particularly low levels of plant species richness).
Ctree analysis (without park code)
The ctree figure without park code modelling factors related to perceived plant species
richness is presented in Figure 4.1. Appendix C.12 contains information on parks
incorporated in each split of the ctree analysis. Again, perceived and sampled level of species
richness corresponded. Respondents perceived the seven parks with structural heterogeneity
> 7% (i.e., six rare parks plus one common park) to contain significantly higher plant species
richness than the remaining 23 common parks with lower structural heterogeneity (p < 0.001;
node 1). Across parks with structural heterogeneity > 7%, larger parks (i.e., > 1.7 ha) were
also perceived to contain significantly higher levels of plant biodiversity than smaller parks
(p = 0.004; node 11). Across the 23 common parks with structural heterogeneity ≤ 7%,
English-speaking respondents perceived significantly higher levels (p = 0.008) of plant
biodiversity in parks containing higher levels of sampled plant biodiversity (i.e., >10 plant
species). When using parks with lower canopy cover (i.e., ≤ 41%), non-English-speaking
respondents perceived significantly lower levels of plant species richness when structural
heterogeneity was also lower (i.e., ≤ 0.7%; p = 0.012).
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Figure 4. 1: Graphical representation of a classification tree for perceived plant species richness.
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Figure 4. 2: Graphical representation of a classification tree for perceived bird species richness.
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Park level correlations
The correlation matrix is presented in Appendix C.7. Park level correlations indicated that
perceived plant species richness was unrelated to socio-demographic and park use factors (all
rs < ± 0.58) but was significantly correlated with (i) perceived bird species richness (rs =
0.83), (ii) nine out of 13 psychological outcome metrics (all rs > ± 0.58; see Aim 3 results),
and (ii) four out of 13 ecological characteristics of parks (sample plant species richness, rs =
0.75; pesty bird species richness, rs = -0.74; structural heterogeneity of vegetation, rs = 0.70;
and, plant abundance, rs = 0.60).
Respondent level correlation
Perceived plant and perceived bird species richness measures were also significantly
positively correlated at the respondent level (n = 811; rs = 0.54; p < 0.001).
Rare versus common park comparisons
Results from a Mann Whitney U Test indicated that the perceived level of plant species
richness across common parks (mean rank = 12.63) was significantly lower than rare parks
(mean rank = 27.00), U = 3.0, z = -3.578, p < 0.001 (Table 4.4).
Mediational analysis
I found no support for the proposed mediation model. That is, the effect of exposure to parks
with varying levels of sample plant species richness on park users’ perceived level of plant
species richness was not mediated through park users’ level of perceived bird species
richness (Appendix C.17).
4.3.2.3 Factors related to perceived levels of park bird species richness
Ctree analysis
The ctree figure modelling factors related to perceived bird species richness is presented in
Figure 4.2. Appendix C.14 contains information on parks incorporated in each split of the
ctree analysis. Respondents perceived significantly lower levels of bird species richness when
using the four parks containing high pesty bird species richness (i.e., > 50% of each park’s
total bird species richness classified as pesty species), compared to respondents using the 26
parks containing lower pesty bird species richness (i.e., ≤ 50%; p < 0.001). Respondents
using parks with ≤ 50% pesty species richness perceived significantly higher levels of pesty
bird species richness across three parks with higher structural heterogeneity (i.e., > 22%),
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compared to 23 parks with lower structural heterogeneity (p < 0.001). That is, node 6
contained the two parks with the highest sampled bird species richness (i.e., > 12 species)
and, correspondingly, respondents perceived significantly higher levels of bird species
richness across parks in this node compared to parks in other nodes. While there was some
indication that parks with higher bird abundance were perceived as less diverse, and Englishspeaking respondents perceived higher levels of bird richness than non-English-speaking
respondents, these relationships were not significant (i.e., nodes 3 and 7; p > 0.05).
Mediational analysis
The second mediation model was supported (Figure 4.3). First, sample bird species richness
was positively associated with perceived bird species richness (β = 1.11, t (28) = 3.15, p =
0.004; c path). Second, sample bird species richness was negatively associated with pesty
bird species richness (β = -7.44, t (28) = -3.72, p < 0.001; a path). Third, the mediator, pesty
bird species richness was negatively associated with perceived bird species richness (β = 0.12, t (28) = -4.99, p < 0.001; b path). As the a, b and c paths were significant, a mediation
analysis was conducted. The proposed mediator role of pesty bird species richness on the
relationship between sample and perceived level of bird species richness was confirmed (β =
0.87; CI = 0.29 – 1.74). Results indicated full mediation as the direct effect of sample bird
species richness on perceived bird species richness became non-significant when controlling
for level of pesty bird species richness (β = 0.02, t (28) = 0.64, p = 0.527; c' path; Figure 4.3).

Figure 4. 3: Mediation analysis testing the indirect effect of exposure to parks with varying
levels of sample bird species richness on park users’ perceived levels of bird species
richness, through exposure to pesty bird species richness.
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4.3.2.4 Factors related to the alignment between perceived and sampled plant species
richness
Respondent level histogram
A respondent level (n = 786) histogram showed that 32.4% (n = 255) of respondents
perceived a level of plant species richness that aligned with ecological sampling, and 64.1%
(n = 504) of respondents perceived a level of richness higher than ecological samples (Figure
4.4).
Ctree analysis (park code only)
The ctree analysis with park code as the only variable predicting the alignment between
perceived and sampled plant species richness is presented in Appendix C.12. Alignment rates
were similar across the 13 parks captured in node 2 (approximately 60%). Respondents using
the two parks in node 3 perceived lower levels of plant richness than indicated by ecological
samples (approximately 40%) compared to the 11 parks in nodes 5 and 6 (approximately 5%)
(p < 0.001). The alignment rates across 17 parks captured in node 7 (of which 15 parks had a
sample plant species richness < 20) were significantly different to those of node 2 (p <
0.001), whereby approximately 80% of respondents across node 7 perceived a higher level of
plant richness than indicated by ecological samples.
Ctree analysis (without park code)
The ctree analysis without park code predicting the alignment between perceived and
sampled plant species richness is presented in Figure 4.5 (see Appendix C.14 for information
on parks incorporated in each split). Alignment rates between perceived and sampled levels
of plant species richness were most strongly associated with the percent of turf cover in a
park (p < 0.001). Across the 17 common parks with high turf cover (i.e., > 65% turf) there
was a significant association with ethnicity (p < 0.001). Compared to English-speaking
respondents, non-English-speaking respondents more frequently perceived a level of plant
species richness that aligned with ecological samples (approximately 20% versus 40%
alignment, respectively), and less frequently perceived higher levels of plant richness than
ecological samples (approximately 80% versus 60%, respectively). Across the 13 common
and rare parks with lower turf cover (i.e., ≤ 65%; node 2), there was a significant association
between alignment rates and (i) woody plant abundance (p = 0.004) and, (ii) plant nativeness
(p = 0.008). Approximately 60% of respondents’ perceived level of plant species richness
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Figure 4. 4: Histograms analysing perceived and sampled species richness, and alignment rates.

3

Notes: (i) Ecologically sampled species richness of n = 30 parks, relative to the perceived species richness
categories across plant and bird groups. X axis denotes categorical response options of the perceived species
richness scale. For birds, A = < 5 bird species; B = 5 – 12 bird species; C = 13 – 30 bird species; and, D = > 30
bird species. For plants, A = < 20 plant species; B = 20 – 100 plant species; C = 101 – 300 plant species; D = >
300 plant species. (ii) Frequency of perceived levels of species richness across plant and bird groups at the
respondent level. X axis denotes categorical response options of the perceived species richness scale (as per (i)
above). (iii) Alignment between respondents’ perceived level of species richness and the ecologically sampled
species richness of the respective park each respondent was interviewed in, across plant and bird groups.
Numbers along the horizontal (x) axis indicate the level of alignment. That is, 0 = perceived and sampled level
of bird/plant species richness aligned; 1, 2, 3 = respondent perceived a higher level of species richness than
ecological samples by 1, 2 or 3 ‘factors’, respectively; and -1, -2 = respondent perceived a lower level of
species richness than ecological samples by 1 or 2 ‘factors’, respectively.
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Figure 4. 5: Graphical representation of a classification tree for the alignment between perceived and ecologically sampled plant species
richness.
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aligned with sampled levels of plant species richness across nodes 3 and 6, compared with
40% alignment rates in node 5 (similar to parks with > 65% turf cover).
4.3.2.5 Factors related to the alignment between perceived and sampled bird species
richness
Respondent level histogram
A respondent level histogram (n = 786) showed that 49.5% (n = 389) of respondents
perceived a level of bird richness that aligned with ecological sampling, while the remaining
respondents were fairly evenly divided in perceiving a higher (~25%) and lower (~25%) level
of richness, than ecological samples (Figure 4.4).
Ctree analysis (park code only)
The ctree analysis with park code as the only variable predicting the alignment between
perceived and sampled bird species richness is presented in Appendix C.13. Compared to
parks captured in other nodes, parks captured in nodes 2 and 8 were more frequently
perceived by respondents to host significantly lower (p < 0.03), whereas parks captured in
node 4 were more frequently perceived by respondents to host significantly higher (p <
0.001), levels of bird species richness than ecological samples. The majority of respondents
in nodes 6 and 9 perceived a level of bird species richness that aligned with ecological
samples. However, respondents more frequently perceived higher and lower levels of bird
richness than ecological samples across parks captured by nodes 6 and 9, respectively.
Ctree analysis (without park code)
The ctree analysis without park code predicting the alignment between perceived and
sampled bird species richness is presented in Figure 4.6 (see Appendix C.14 for information
on parks incorporated in each split). Alignment rates between perceived and sampled bird
species richness were significantly related to the ecological variables flower cover (p < 0.001)
and canopy cover (p = 0.004). When referring to the raw data, flower and canopy cover were
probably surrogate indicators that differentiated significant perceptions across particular
parks in the absence of park code. Indeed, similar alignment rates across individual parks
were corroborated by the ctree with park code only (Appendix C.13). Approximately 60% of
respondents perceived higher levels of bird species richness than ecological samples across
three parks captured by nodes 6 and 9. Approximately 40% of respondents perceived lower
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Figure 4. 6: Graphical representation of a classification tree for the alignment between perceived and ecologically sampled bird species richness.

224

levels of bird richness than ecological samples (10% by up to two factors) across the three
parks captured in node 8. Ethnicity was also significantly related to alignment rates between
perceived and sampled levels of bird richness (p = 0.002; node 3). Approximately 50% of
English-speaking and non-English-speaking respondents perceived a level of bird richness
that aligned with ecological samples. However, compared to English-speaking respondents,
non-English-speaking respondents more frequently perceived lower, and less frequently
perceived higher, levels of bird species richness than ecological samples.
Table 4.6 incorporates a summary of Aim 2 results.
4.3.3 Aim 3 – Analysis of individual and ecological factors related to the psychological
outcomes of park users
The correlation analysis is presented in Appendix C.7. Mann Whitney U test results are
presented in Table 4.4. Full univariate GLMs are presented in Appendix C.15 and a summary
of these results are presented in Table 4.7. Full multivariate GLMs are presented in Appendix
C.16.
4.3.3.1 Connection to nature
Connection to nature was significantly correlated with six other psychological outcome
metrics (all rs > ± 0.58), motivation for park use to get back to nature (rs = 0.72), perceived
plant species richness (rs = 0.67), sampled plant species richness (rs = 0.69), and pesty bird
species richness (rs = -0.67; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks’ (n =
6) connection to nature scores was significantly higher than common parks (n = 24) (p <
0.001; Table 4.4).
Five univariate GLMs had some support (i.e., ∆i AICc < 10; Table 4.7; Appendix
C.15) in explaining connection to nature. Connection to nature increased with increasing
motivation for park use to get back to nature, and this model had the strongest support (wi =
0.60). There was comparatively weaker support for four univariate GLMs indicating that
connection to nature (i) declined with increasing pesty bird species richness (wi = 0.32) and
frequency of park use (wi = 0.01) and, (ii) increased with increasing sample plant species
richness (wi = 0.05) and UGS surrounding the park (wi = 0.01).
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Table 4. 6: Summary of significant relationships identified across the species differentiation skills logistic regression; perceived plant/bird
species richness and alignment plants/birds ctree analyses; perceived plant/bird species richness correlation analyses; and, Mann Whitney U
Tests comparing mean ranks between rare (n = 6) versus common (n = 24) parks).
Analyses and/or response variables /
predictor variables

Regression

Perceived bird
richness

Alignment birds

Perceived plant
species richness

Perceived bird
species richness

Mann Whitney U
Tests
(common versus
rare parks)

x
-

x
-
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-
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x
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x
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Respondent level ctree analyses #

Species diff.
Perceived
Alignment
skills
plant richness
plants
Psychological outcomes of park use (category A variables)
Connection to nature
x
x
x
Perceived Restorativeness: being away
Perceived Restorativeness: fascination
Perceived Restorativeness: legibility
Perceived Restorativeness: compatibility
Place Attachment: identity
Place Attachment: dependence
Likelihood of restoration
Preference affect
Place affect: exciting
Place affect: distressing
Place affect: gloomy
Place affect: relaxing
Socio-demographic, park use and subjective wellbeing measures (category B, C & D variables)^

Ethnicity



Respondent age
x
x
Gender
Motivation to get back to nature
Frequency of park use
x
x
Life satisfaction
Park ecology measures (category F variables)
Sample plant species richness
x

Sample bird species richness
Bird abundance
Park size
x

Native plant species
x

Pesty bird species richness
Park distance from the CBD
x
x
Turf cover
x

Canopy cover
x
x
Structural heterogeneity

x
Flower cover
x
x
Plant abundance
x


Park level correlation analysis

Notes: = (p ≤ 0.05). x = (p > 0.05). Dash = no analysis. ^ Only variables with significant relationships are presented. # ctree analyses with
park code are omitted. Mann Whitney U Tests also indicated a significant difference between perceived plant and perceived bird species
richness across rare and common park types, which is omitted from this table. CBD = central business district.
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Table 4. 7: Composite results from univariate generalised linear modelling of n = 8 psychological outcome metrics.
Psychological outcome metrics (n = 8)
Connection to Being away Fascination Compatibility Legibility
Likelihood
Identity
Dependence
nature
restoration
Sample plant species richness
↑ (0.05)
↑
↑
*
↓ (0.08)
↑ (0.01)
^
↑
Plant abundance
*
↑
↑
*
↓ (0.83)
*
#
*
Sample bird species richness
↑
↑
↑
*
–
↑ (0.01)
*
↑
Pesty bird species richness
↓ (0.32)
↓ (0.02)
↓
↓ (0.03)
–
↓ (0.01)
↓
↓ (0.76)
Bird abundance
#
#
*
↓ (0.96)
–
*
↓ (0.96)
↓ (0.15)
Park size
#
*
*
↑
*
*
*
*
Plant nativeness
*
#
#
*
–
*
^
#
Park distance from the CBD
↑
↑
↑
↑
–
*
↑
↑
UGS surrounding park
↑ (0.01)
*
↑
*
–
*
↑
↑
Turf cover
#
↓
↓
*
↑ (0.05)
↓ (0.02)
^
*
Canopy cover
↑
↑
↑
*
↓ (0.01)
*
^
↑
Structural heterogeneity
↑
↑
↑
↑
↓
*
^
↑
Flower cover
↑
↑
↑
*
–
*
↑
↑
Perceived plant species richness
^
↑ (0.90)
↑ (1.00)
↑
↓
↑ (0.05)
↑
↑ (0.04)
Perceived bird species richness
↑
↑ (0.06)
↑
↑ (0.01)
–
↑ (0.02)
↑
↑ (0.03)
Ethnicity (English-speaking)
#
*
*
↑
↑
^
#
*
Gender (male)
#
*
*
*
*
*
*
*
Respondent age
↑
↑
↑
↑
*
*
↑ (0.03)
↑ (0.01)
Education (≥ bachelor)
#
#
#
*
–
–
*
*
Social nature of visit (alone)
↓
*
↓
↓
–
*
↓ (0.01)
↓
Motivation to get back to nature
↑ (0.60)
↑
↑
*
*
↑ (0.12)
↑
↑ (0.01)
Motivation peace and tranquillity
*
↑
*
*
*
↑ (0.69)
*
*
Motivation to socialise
↑
*
↑
↑
*
*
↑
↑
Motivation for physical exercise
*
#
↑
↑
*
*
↑
↑
Frequency of park use
↓ (0.01)
*
↓
*
↑ (0.02)
*
^
↓
Intended duration of park use
↑
↑
↑
↑
*
*
*
↑
Actual duration of park use
^
↑
↑
↑
^
*
*
↑
Distance travelled to use park
↑
*
↑
*
–
–
#
^
Notes: ↑ = response variable increased, and ↓ = response variable decreased, as the predictor variable increased. Bracketed numbers are the model weight
from generalised linear modelling (only models with weights ≥ 0.01 are shown). # = non-linear relationship between response and predictor variable. ^ = nonnormally distributed residuals. * = CIs of parameter estimates encompassed zero, indicating uncertainty regarding the model. – = parameter not modelled.
Univariate predictor variables
(n = 28)
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Two multivariate GLMs had stronger support than the highest ranked univariate GLM in
explaining connection to nature (Appendix C.16), however, there was uncertainty regarding
one multivariate GLM (CI’s encompassed zero). Hence, the strongest support was found for
one multivariate GLM indicating that connection to nature increased with increasing
motivation for park use to get back to nature but declined with increasing pesty bird species
richness (wi = 0.98). This multivariate GLM substantially improved the best ranked
univariate model – motivation for park use to get back to nature (wi = 0.01) – which was
poorly supported by comparison.
4.3.3.2 Perceived restorativeness – being away
Being away was significantly correlated with eight other psychological outcome metrics (all
rs > ± 0.58), perceived plant and perceived bird species richness measures (rs = 0.68 and 0.61,
respectively), and pesty bird species richness (rs = -0.66; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks being
away scores was significantly higher than common parks (p < 0.001; Table 4.4).
Three univariate GLMs had some support in explaining being away (Table 4.7;
Appendix C.15). The model with the strongest support indicated that being away increased
with increasing perceived plant species richness (wi = 0.90). There was comparatively weaker
support for two univariate GLMs indicating that being away increased with increasing
perceived bird species richness (wi = 0.09) and declined with increasing pesty bird species
richness (wi = 0.02).
Three multivariate GLMs (Appendix C.16) improved model fit for being away over
the highest ranked univariate GLM. However, there was uncertainty regarding two of the
multivariate GLMs (CIs encompassed zero). Hence, the strongest support was found for the
multivariate GLM indicating that being away increased with increasing perceived plant
species richness and increasing frequency of park use (wi = 0.31). The more parsimonious
univariate GLM – perceived plant species richness – still had some, albeit weaker, support in
explaining being away (wi = 0.13).
4.3.3.3 Perceived restorativeness – fascination
Fascination was significantly correlated with nine other psychological outcome metrics (all rs
> ± 0.58), perceived plant and perceived bird species richness (rs = 0.89, and 0.83,
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respectively), sample plant species richness (rs = 0.72), pesty bird species richness (rs = 0.81), and structural heterogeneity (rs = 0.79; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
fascination scores was significantly higher than common parks (p < 0.001; Table 4.4).
One univariate GLM had substantial support in explaining fascination, with no other
model within a ∆i AICc < 10 (Table 4.7; Appendix C.15). Fascination increased with
increasing perceived plant species richness (wi = 1.00).
Three multivariate GLMs improved model fit for fascination over the highest ranked
univariate GLM (Appendix C.16), however there was uncertainty regarding one multivariate
GLM (CI’s encompassed zero). The strongest support was found for the multivariate GLM
indicating that fascination increased with increasing sample plant species richness and
increasing perceived bird species richness (wi = 0.64). The next highest ranked multivariate
GLM indicated fascination increased with increasing perceived plant species richness and
increasing motivation for park use to get back to nature (wi = 0.14). The more parsimonious
univariate GLM – perceived plant species richness – still had some, albeit weaker, support in
explaining fascination (wi = 0.07).
4.3.3.4 Perceived restorativeness – legibility
Legibility was significantly correlated with sample plant species richness (rs = -0.72), turf
cover (rs = 0.61), canopy cover (rs = -0.60), and plant abundance (rs = -0.70; Appendix C.7),
but was not significantly correlated with any other psychological outcome metric.
Results from a Mann Whitney U Test indicated that the mean rank of rare parks for
the perceived restorativeness component legibility scores was significantly lower than
common parks (p = 0.015; Table 4.4).
The univariate GLM with the strongest support indicated that legibility declined with
increasing plant abundance (wi = 0.83; Table 4.7; Appendix C.15). Comparatively weaker
support was found for four univariate GLMs indicating that legibility (i) declined with
increasing sample plant species richness (wi = 0.08) and canopy cover (wi = 0.01), but (ii)
increased with increasing turf cover (wi = 0.05) and frequency of park use (wi = 0.02).
Three multivariate GLMs had greater support in explaining legibility than the highest
ranked univariate GLM (Appendix C.16), however there was uncertainty regarding two of
229

these models (CIs encompassed zero). Hence, the strongest support was found for the
multivariate GLM indicating that legibility declined with increasing plant abundance and
increased as the proportion of English-speaking park users increased (wi = 0.32). Some
support, albeit comparatively weaker, remained for the univariate GLM indicating that
legibility declined with increasing plant abundance (wi = 0.12).
4.3.3.5 Perceived restorativeness – compatibility
Compatibility was significantly correlated with five other psychological outcome metrics (all
rs > ± 0.58) and perceived bird species richness (rs = 0.65; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
compatibility scores did not differ significantly from common parks (p = 0.116; Table 4.4).
The strongest support was found for one univariate GLM indicating compatibility
declined with increasing bird abundance (wi = 0.96; Table 4.7; Appendix C.15). There was
comparatively weaker support for one univariate model (△i AICC < 10) which showed that
compatibility declined with increasing pesty bird species richness (wi = 0.03).
The highest ranked multivariate GLM explaining compatibility indicated that
compatibility increased with increasing intended duration of park use but declined with
increasing bird abundance (wi = 0.44; Appendix C.16). No other multivariate GLM was
strongly supported (wi ≤ 0.05 or CIs that encompassed zero), with the aforementioned
multivariate model substantially improving the best ranked univariate model – bird
abundance – which was poorly supported by comparison (wi < 0.01).
4.3.3.6 Likelihood of restoration
Likelihood of restoration was significantly correlated with three other psychological outcome
metrics (all rs > ± 0.58; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks for
likelihood of restoration scores was significantly higher than common parks (p = 0.003;
Table 4.4).
Likelihood of restoration increased with increasing motivation for park use ‘for peace and
tranquillity’, and this univariate GLM had the strongest support (wi = 0.69; Table 4.7;
Appendix C.15). There was comparatively weaker support for one univariate GLM indicating
that likelihood of restoration increased with increasing motivation for park use to get back to
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nature (wi = 0.12). Seven other univariate GLMs were within a △i AICC < 10 of the top
ranked univariate model, however all were poorly supported (wi ≤ 0.05) by comparison.
Three multivariate GLMs improved univariate GLM fit (Appendix C.16). However, the
strongest support was found for the multivariate GLM indicating that likelihood of
restoration increased with increasing motivation for park use ‘for peace and tranquillity’ and
increasing perceived plant species richness (wi = 0.64). This multivariate model considerably
improved the best ranked univariate GLM including just motivation for park use ‘for peace
and tranquillity’, which was poorly supported by comparison (wi = 0.01).
4.3.3.7 Place attachment - identity
Identity was significantly correlated with eight other psychological outcome metrics (all rs >
± 0.58), and respondent age (rs = 0.66; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
identity scores was significantly higher than common parks (p = 0.001; Table 4.4).
Three univariate GLMs had some support in explaining identity (Table 4.7; Appendix
C.15). The strongest support was found for the model indicating that identity declined with
increasing bird abundance (wi = 0.96). Much weaker support was found for two univariate
GLMs indicating that identity increased with increasing respondent age (wi = 0.03) and
declined as the proportion of park users who visited alone increased (wi = 0.01).
The highest ranked multivariate GLM (Appendix C.16) indicated that identity increased
with increasing respondent age and declined with increasing bird abundance (wi = 0.92),
which substantially improved the highest ranked univariate model (i.e., pesty bird species
richness; wi < 0.01). No other multivariate GLM had strong support (wi ≤ 0.02).
4.3.3.8 Place attachment – dependence
Dependence was significantly correlated with ten other psychological outcome metrics (all rs
> ± 0.58), motivation for park use to get back to nature (rs = 0.69), respondent age (rs =
0.61), perceived plant and perceived bird species richness (rs = 0.71, and 0.62, respectively),
pesty bird species richness (rs = -0.66), and structural heterogeneity (rs = 0.64; Appendix
C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
dependence scores was significantly higher than common parks (p < 0.001; Table 4.4).
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Dependence declined with increasing pesty bird species richness, and this univariate
GLM had the strongest support (wi = 0.76; Table 4.7; Appendix C.15). There was
comparatively weaker support for five univariate GLMs indicating that dependence (i)
declined with increasing bird abundance (wi = 0.15), and (ii) increased with increasing
perceived plant species richness (wi = 0.04), perceived bird species richness (wi = 0.03),
respondent age (wi = 0.01) and motivation for park use to get back to nature (wi = 0.01).
Twelve multivariate GLMs improved model fit (i.e., lower AICC) compared to the highest
ranked univariate GLM (Appendix C.16). However, only one multivariate GLM had
considerable support: dependence declined with increasing bird abundance and increased
with increasing motivation for park use to get back to nature (wi = 0.85).
4.3.3.9 Affect response variables
All affect response variables were significantly correlated with between seven-to-ten other
psychological outcome metrics, one or both measures of perceived species richness and a
range of ecological characteristics of parks (all rs > ± 0.58; Appendix C.7). Relaxing affect
was significantly correlated with motivation to use the park to get back to nature.
Mann Whitney U Test results indicated that the mean rank of rare parks preference affect,
exciting and relaxing scores were significantly higher, whereas distressing and gloomy scores
were significantly lower, than common parks (all p < 0.001; Table 4.4).
See Chapter 5 for univariate and multivariate GLMs explaining n = 5 affect response
variables (i.e., preference affect and place affect components exciting, distressing, gloomy
and relaxing).
4.3.4 Park ecology variables
Many measures of park ecology co-varied (Appendix C.7). For example, plant species
richness was significantly correlated negatively with turf cover (rs = -0.89), and positively
with canopy cover (rs = 0.61), structural heterogeneity (rs = 0.69), flower cover (rs = 0.73),
and plant abundance (rs = 0.85). These correlations suggest that as sample plant species
richness increased, the vegetation of parks became more ecologically complex, while the
amount of mown turf decreased. Structural heterogeneity was significantly negatively
correlated with pesty bird species richness (rs = -0.67) and park distance from the CBD was
significantly positively correlated with the amount of UGS in a 1 km radius of each park (rs =
0.72).
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Mean ranks from Mann Whitney U Tests (Table 4.4) indicated that, compared to common
parks, rare parks (i) hosted significantly higher sample plant species richness (p < 0.001),
sample bird species richness (p = 0.025), canopy cover (p < 0.001), flower cover (p = 0.001),
plant abundance (p < 0.001), structural heterogeneity of vegetation (p < 0.001), (ii) hosted
significantly lower pesty bird species richness (p < 0.001) and turf cover (p < 0.001), and (iii)
were located significantly further from the CBD (p = 0.025). There was no significant
difference in the mean rank of rare and common parks regarding park size (p = 0.667), plant
nativeness (p = 0.374) or bird abundance (p = 0.402).
4.3.5 Subjective wellbeing variables
Positive and negative affect scores experienced over the past month (I-PANAS-SF) were not
significantly correlated with any variable across categories A – F. Mann Whitney U Tests
indicated the mean ranks of positive and negative affect scores reported over the past month
did not differ between rare and common park users (Table 4.4).
Life satisfaction was significantly correlated with respondent age (rs = 0.63), but no other
variable (Appendix C.7). A Mann Whitney U Test indicated that the mean rank of
satisfaction with life scores of rare park users was significantly higher than common park
users (p = 0.050; Table 4.4).
4.4

Discussion

4.4.1 Summary of the main findings
Colour variations within or between bird species appeared to be related to how accurately
respondents differentiated birds as either the same or different species. English-speaking and
middle aged respondents had better bird species differentiation skills compared with older,
younger and non-English-speaking respondents.
Perceived and sampled levels of plant and bird species richness generally
corresponded well within my study. Socio-demographic and park use factors were generally
poor predictors of perceived plant and perceived bird species richness, as well as the
alignment between perceived and sampled plant and bird species richness. The exception was
ethnicity, which was associated with the perceived plant species richness, alignment plant
and alignment bird response variables in the respondent level ctree analysis (Table 4.6). Two
ecological characteristics of parks consistently related to higher levels of perceived plant and
perceived bird species richness were (i) fewer pesty bird species, and (ii) higher structural
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heterogeneity of vegetation. Indeed, pesty bird species richness fully mediated the
relationship between perceived and sampled levels of bird species richness.
Compared to common parks, rare parks were located further from the city centre and
hosted significantly (i) higher vegetation complexity (i.e., higher structural heterogeneity,
canopy cover, plant abundance, and lower turf cover), sample plant and bird species richness
and flower cover, and (ii) lower pesty bird species richness. Compared to common park
users, rare park users reported significantly (i) different psychological outcomes (most of
which can be considered more beneficial; Appendix AA.8), (ii) higher overall satisfaction
with life, (iii) different socio-demographic characteristics (older and more male users), (iv)
lower frequency of park use, (v) higher motivation for park use to get back to nature, and (vi)
higher levels of perceived plant and perceived bird species richness.
Univariate GLMs yielded the strongest support for (i) motivation for park use to get
back to nature and ‘for peace and tranquillity’ explaining connection to nature and perceived
likelihood of restoration, respectively, (ii) perceived plant species richness explaining being
away and fascination, (iii) bird abundance explaining compatibility and dependence, (iv)
plant abundance explaining legibility, and (v) pesty bird species richness explaining
dependence (Table 4.7).
Based on my approach (section 4.2.4.3), multivariate GLMs improved model fit
compared to univariate GLMs for all n = 8 psychological outcome metrics analysed in this
chapter (i.e., Chapter 5). Being away and perceived likelihood of restoration were best
explained by multivariate GLM incorporating only individual factors (e.g., perceived level of
plant species richness, frequency of park use, motivation for park use). Connection to nature,
fascination, compatibility, legibility, place identity and place dependence were best explained
by multivariate GLMs incorporating individual factors (i.e., motivation for park use,
perceived bird species richness, intended duration of park use, ethnicity and respondent age)
and ecological factors (i.e., pesty bird species richness, sample plant species richness, bird
and plant abundance).
4.4.2 Notable respondent level (n = 813) trends in park use and socio-demographics
At the respondent level (n = 813) around two thirds of respondents used parks weekly or
more frequently, indicating city parks are a popular leisure facility and an important leisure
resource for some urban residents (Swanwick et al., 2003; Veal, 2006). Higher mean
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household income for my sample of park users than the Sydney Greater Capital City
Statistical Area (ABS, 2016) may be attributable to the clustering of the city park sites across
more affluent regions of Sydney (e.g., the North Shore and Eastern Suburbs; Chapter 3
Figure 3.1). Similar to previous research, approximately one third of park users visited parks
alone (Hull and Harvey, 1995; White et al., 2013). Few respondents were motivated to use
city parks for physical exercise (36%), reflecting the designation of city park sites as passive
recreation greenspaces (i.e., not formal recreation greenspace; Chapter 3). Respondents were
predominantly motivated to use city parks for peace and tranquillity and to get back to
nature; similar to Chiesura (2003) but in contrast to Shwartz et al. (2014) who found that <
9% of respondents visited gardens to interact with nature.
4.4.3 Factors related to species differentiation skills
There is some evidence that birdwatching is concentrated in English-speaking countries and
that these people tend to be middle-aged and well-educated (Connell 2009). I found no
evidence that education or household distance from the CBD were factors related to bird
species differentiation skills, despite previous studies finding links between these factors and
species knowledge (Clergeau et al., 2001; Pilgrim et al., 2007; Randler et al., 2008; Shwartz
et al., 2014). However, middle age and English-speaking were two individual factors
associated with significantly higher species differentiation skills across park users in my
study. This result differs from previous studies reporting species knowledge increased with
increasing age (Shwartz et al., 2014; Randler et al., 2008; Pilgrim et al., 2008). Language
type has been linked to ecoliteracy, albeit regarding knowledge about plant use (Benz et al.,
2000). I found no evidence that park user’s bird species differentiation skills were associated
with their level of connection to nature while using a park.
Results from my bird species differentiation test (Appendix C.10; Table 4.5) suggest that
people may use relatively simple morphological characteristics, such as colour, to cue
perceptions of bird species diversity. Colour variation (e.g., plumage) within or between
species appeared to be related to accuracy rates when differentiating bird pairs. Within
species, identical plumage colour and markings returned the highest accuracy rates (bird pairs
two and six; 82.2% and 86.0%, respectively). Different plumage colour and markings within
a species (e.g., plumage colour differences between males and females) returned lower
accuracy rates (bird pairs four and five; 70.6% and 38.6%, respectively), because respondents
often incorrectly perceived these birds as different species. Different species with different
235

colour morphologies (e.g., both Parrot pairs) yielded relatively high accuracy rates of species
differentiation (bird pairs one and eight; 77.5% and 77.7%, respectively). More subtle
differences in plumage colour and markings between species were associated with much
lower accuracy rates (bird pairs three and seven; 54.6% and 55.2%, respectively).
While colour can be a key diagnostic characteristic used in successful bird identification,
my results suggest that variations in colour, both within and between species, may cue
inaccurate perceptions of bird species richness. A study in England testing species
identification skills using photographs of birds (Brock et al., 2017) found: the House Sparrow
was misidentified with the similar looking Tree Sparrow by 12% of respondents; the
Bullfinch was misidentified with the similar looking Chaffinch by 23.5% of respondents;
whereas the Blackbird (all black plumage) was correctly identified by 99% of respondents.
Hence, Brock et al’s (2017) findings also support that subtle differences in plumage colour
and markings between different bird species (i.e., House Sparrow versus Tree Sparrow;
Bullfinch versus Chaffinch) are associated with lower species identification rates and may
cue inaccurate perceptions of bird species richness.
Approximately one third of all bird pairs were inaccurately differentiated in the species
differentiation test (Appendix C.10). Given the growing popularity of citizen science projects
– especially for monitoring birds (Cohn, 2008; Sullivan et al., 2009) – my finding is
noteworthy as it highlights the potential for citizen scientists to record inaccurate species
occurrence and abundance data. My results (and those of Brock et al., 2017) suggest it is
important to conduct more tests on people’s species differentiation skills given particular bird
species were more likely to be inaccurately differentiated as the same or different species
than others. Potentially problematic (e.g., easily misidentified) bird species can be flagged
and targeted in volunteer training sessions involving citizen scientists prior to sampling
(Biederman and Shiffar, 1987; Delaney et al., 2008) to ensure bird monitoring projects
involving citizen scientists yield accurate data.
4.4.4 Factors related to perceived levels of park species richness
I found no evidence that park users’ perceived level of park plant or bird species richness was
associated with their bird species differentiation skills, age, education, household distance
from the CBD, or frequency or duration of park use (Table 4.2). In contrast to Southon et al.
(2018), I found no positive association between perceived plant species richness and
connection to nature. I found some evidence that non-English-speaking respondents
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perceived lower levels of plant richness than English-speaking respondents, and perceptions
across ethnic groups were related to different, albeit significantly correlated, ecological
characteristics.
A range of ecological characteristics were associated with perceived plant and
perceived bird species richness (Table 4.6). Perceived plant species richness was (i)
positively associated with structural heterogeneity of vegetation layers (Fuller et al., 2007;
Southon et al., 2018), sample plant species richness (Fuller et al., 2007; Lindemann-Matthies
et al., 2010; Southon et al., 2018), park size and plant abundance, and (ii) negatively
associated with pesty bird species richness. Perceived bird species richness was negatively
associated with pesty bird species richness and positively associated with structural
heterogeneity of vegetation layers. Therefore, the two ecological variables associated with
higher levels of perceived plant and perceived bird species richness across my study were
lower pesty bird species richness and higher structural heterogeneity of vegetation layers
(Table 4.6). Both pairs of variables were significantly correlated with (i) perceived richness
measures (rs = 0.83, park level; rs = 0.54, respondent level) as found by Dallimer et al.
(2012), and (ii) pesty bird species richness and structural heterogeneity of vegetation (rs = 0.67, park level). Of particular note, pesty bird species richness was the only ecological
variable significantly correlated with perceived level of plant and perceived level of bird
species richness (rs ≥ -0.70).
Pesty bird species richness fully mediated the relationship between sample and
perceived measures of bird species richness (Figure 4.3). This result provides support for the
following causal pathway: When park users were exposed to parks with varying levels of
sample bird species richness, exposure to an increasing proportion of pesty bird species
negatively influenced their level of perceived bird species richness. My findings suggest that
respondents increasingly judged a greenspace to have lower biological value (i.e., perceived
bird species richness) as the occurrence of pesty bird species increased. This result is
plausible. Dislike of particular pesty bird species has been reported in previous studies
investigating human perceptions of urban avifauna (Clergeau et al., 2001; Haythorpe, 2014;
Brock et al., 2017). There is evidence that the six bird species classified as pesty in my study
are likely to be noticed and disliked by park users. The Noisy Miner (Manorina
melanocephala) can be aggressive (Parsons et al., 2006; Haythorpe et al., 2014), Common
Mynas (Acridotheres tristis) are the subject of public hostility, dislike and eradication
programs (Parsons et al., 2006; Haythorpe, 2014; Haythorpe et al., 2014), while large
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amounts of accumulated excrement from Rock Doves (Columba livia) can pose a health risk
(Graczyk et al., 2007). Further, the Australian White Ibis (Threskiornis molucca), Australian
Raven (Corvus coronoides) and Silver Gull (Chroicocephalus novaehollandiae) can
intimidate urban residents when scavenging for food from public eateries and garbage bins
(Macinnis, 2012; Martin et al., 2012). Bird traits (e.g., ‘charismatic species’ and ‘pesty
species’) have been identified as important to understand in relation to the psychological
outcomes of park users (Dallimer et al., 2012), and this is discussed further below in section
4.4.7 and also in Chapter 5.
The somewhat surprising significant negative correlation between pesty bird species
richness and perceived level of plant species richness was likely spurious; attributable to
inter-correlated variables across my study. That is, structural heterogeneity was significantly
negatively correlated with pesty bird species richness, and perceived levels of plant and
perceived levels of bird species richness were significantly positively correlated.
Post hoc mediation analysis was unable to be conducted to determine whether
structural heterogeneity mediated the relationship between sampled and perceived levels of
plant or bird species richness, as the model assumptions could not be met. Nonetheless,
respondents perceived plant species richness to be higher when structural heterogeneity of
vegetation layers, sample plant species richness and plant abundance were higher and turf
cover was lower (Table 4.6); supporting the assertion by Fuller et al. (2007) that structural
heterogeneity may cue perceptions of plant species richness (see also Southon et al., 2018).
Wandersee and Schussler (1999) suggested that if individual plant species are not sufficiently
differentiated from one another in the form of diagnostic characteristics (e.g., flowers), they
may blend together and be perceived as one homogeneous unit (i.e., species diversity is not
perceived). In turn, it is possible that structural heterogeneity (measured in this study as
density of vegetation layers between 0.3 and 2.1 metres) is a relatively easier vegetative
characteristic for respondents to gauge and, in turn, use to inform an estimate of plant
biodiversity, than number of plant species per se (Fuller et al., 2007). (Yet this proposal rests
on the assumption that park users associate denser vegetation as more species diverse
vegetation).
I also found a positive association between structural heterogeneity and perceived
levels of bird species richness. One explanation for this is that respondents may perceive
parks with denser vegetation layers as providing more foraging, nesting and mating habitat
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for birds and, in turn, align their perceptions of avian diversity accordingly. Another
explanation is that respondents may perceive a level of species richness for one taxa (e.g.,
birds) and generalise to the next (e.g., plants), as proposed by Dallimer et al. (2012). Indeed,
when considering species richness, respondents may have associated the occurrence of more
pesty bird species with lower overall levels of bird species richness, and extended this
perception across to plants. The park user survey presented perceived level of bird species
richness first, followed by their perceived level of plant species richness. However, post hoc
mediation analysis did not support the hypothesis that perceived level of bird species richness
mediated the relationship between sample and perceived levels of plant species richness
(Appendix C.17).
4.4.5 Factors related to the alignment between perceived and sampled plant species
richness
One third of respondents perceived a level of plant species richness that corresponded with
ecological samples (Figure 4.4). Contrary to the results of Muratet et al. (2015) and Shwartz
et al. (2014), I found that respondents rarely perceived lower levels of plant species richness
than ecological samples. Similar to Lindemann-Matthies and Bose (2008), I found that two
thirds of respondents perceived a higher level of plant species richness than ecological
samples (Figure 4.4). Yet, respondents probably didn’t overestimate plant species richness to
the level suggested by my results given I did not sample parks exhaustively. Few (if any)
park sites would have actually contained < 20 taxonomically defined vascular plant species;
especially given I treated mown turf as one species, when in fact urban lawns can host high
species diversity in and of themselves (Bertoncini et al., 2012; Southon et al., 2018). While
only 14% of respondent’s perceived < 20 taxonomically defined plant species, 50% of my
park sites yielded this level of species diversity from ecological sampling (Figure 4.4). My
sampling limitation can be overcome in future studies by selecting (i) parks with known
absolute plant species counts (e.g., botanical gardens), or (ii) smaller park components (e.g.,
individual garden beds within parks) that are feasible to sample exhaustively (e.g.,
Lindemann-Matthies et al., 2010; Hoyle et al., 2017; Southon et al., 2018) when asking
respondents to estimate plant species diversity. Further research into perceptions of plant
biodiversity may also benefit from considering how people perceive biodiversity across
smaller aggregates of plants such as mosses, liverworts and hornworts, to determine whether
such scales of vegetation should be included in studies investigating perceptions of plant
richness.
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Overall, perceived and sampled levels of plant species richness generally
corresponded well. Perceived and sampled plant species richness measures were significantly
positively correlated (Appendix C.7), as found by Fuller et al. (2007), Lindemann-Matthies et
al. (2010) and Southon et al. (2018); but not Dallimer et al. (2012) or Shwartz et al. (2014).
Consistent with the lower sampled plant species richness found in common compared to rare
parks, respondents perceived significantly lower levels of plant species richness in common
than rare parks (Table 4.4). Similar results have been previously reported where park users
perceived significant differences in plant richness between parks hosting dissimilar habitat
types (Qiu et al., 2013).
Consistent with Southon et al. (2018), I found no evidence that frequency of site use
or respondent age were factors related to the alignment between perceived and sampled plant
species richness. Nor were any other hypothesised individual factors, besides ethnicity (Table
4.6). Non-English-speaking respondents perceived lower levels of plant species richness and
had higher alignment rates with sampled levels of plant species richness compared to
English-speaking respondents. There was some evidence that parks with low turf cover, high
woody abundance and more exotic plant species were perceived to host higher levels of plant
species richness than parks with lower plant abundance or more native plant species. It is
unclear whether ethnicity or these ecological characteristics are indeed factors related to the
alignment between perceived and sampled plant richness given the sampling limitations of
my study.
4.4.6 Factors related to the alignment between perceived and sampled bird species
richness
In my study, 25% of respondents perceived a level of bird species richness that was lower
than ecological samples, compared to 90% reported by Shwartz et al. (2014) (Figure 4.4).
Approximately 80% of parks contained a sampled richness between 5 – 12 bird species, and
this corresponded with around half of respondents’ perceptions (n = 391; Figure 4.4). Given
the small size and openness of most of my parks, it is likely that sampled measures of bird
richness were closer to absolute species counts than plants. Hence, differences between the
level of sampled and perceived bird species richness are more likely driven by the
characteristics of park users rather than limitations of ecological sampling.
Again, ethnicity was the only individual factor related to alignment rates between
perceived and sampled levels of bird species richness (Table 4.6). Non-English-speaking
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respondents perceived lower levels of bird richness than ecological samples compared to
English-speaking respondents; although alignment rates were similar across ethnic groups.
The ecological characteristics canopy cover and flower cover were probably not related to
alignment rates between perceived and sampled bird richness per se, perhaps reflecting
observations across individual parks (Figure 4.6; Appendix C.13).
Mediation analysis (regression) indicated a significant relationship between sampled
and perceived measures of bird species richness (Figure 4.3). Moreover, perceived and
sampled measures of bird species richness were not completely disconnected; given pesty
bird species richness fully mediated this relationship (Figure 4.3). There was evidence from
the park type analysis that respondents perceived significantly lower levels of bird species
richness in common than rare parks, and this corresponded with significantly lower sample
bird species richness in common than rare parks (Table 4.4). It also bears mentioning that the
respondent level histogram identified that approximately 50% of park users perceived a level
of bird richness that corresponded with ecological sampling. Yet, perceived and sampled
levels of bird species richness were not significantly correlated at the park level (rs = 0.37),
corroborating non-significant findings reported by Shwartz et al. (2014), Dallimer et al.
(2012), and Fuller et al. (2007); a result discussed further in section 4.4.7. Hence, while there
was some inconsistency across my results perceived and sampled levels of bird species
richness generally corresponded.
4.4.7 Ecological and individual factors related to the psychological outcomes of park
users.
A clear pattern emerged from exploring how park type was associated with psychological
outcome metrics, perceptions of nature and park ecology variables (i.e., category A, E and F
variables, respectively) (Table 4.4). Compared to common parks, rare parks contained higher
levels of sample plant and sample bird species richness and were perceived by respondents to
host significantly higher levels of plant and bird species richness. Moreover, compared to
common park users, rare park users reported significantly different psychological outcomes
most of which could be considered more ‘beneficial’ (Appendix AA.8). That is, rare park
users reported significantly (i) higher connection to nature; perceived restorativeness
components ‘being away’ and ‘fascination’; likelihood of restoration; preference affect;
place affect components ‘exciting’ and ‘relaxing’; and, place attachment dimensions identity
and dependence, and (ii) lower place affect components ‘distressing’ and ‘gloomy’, than

241

common park users. Given that perceived and sampled measures of species richness
generally corresponded well across my study (Aim 2), it is plausible to associate the
psychological outcomes of common versus rare park users with respectively low versus high
levels of species richness. Despite clear associations, causal relationships between these
specific ecological characteristics and psychological outcome metrics are difficult to establish
(Fuller et al., 2007). Plant and bird species diversity were not the only ecological factors that
differed significantly between rare and common parks. Compared to common parks, rare
parks also hosted higher vegetation complexity (i.e., lower turf cover; higher structural
heterogeneity, plant abundance and canopy cover), fewer pesty birds, more flower cover, and
were located in less urbanised landscapes further from the CBD. There were also significant
differences in individual factors characterising rare and common park users. Compared to
common park users, rare park users (i) reported lower frequency of park use, (ii) reported
higher motivation for park use ‘to get back to nature’ scores, (iii) were significantly older,
(iv) comprised of a larger proportion of males, and (v) reported higher life satisfaction scores
(i.e., subjective wellbeing).
While females were overrepresented in city parks at the respondent level (n = 813;
Appendix C.9.1), there was a significantly higher proportion of males in rare parks when
compared to common parks (Table 4.4). It may be that males were overrepresented in rare
parks because they are less suitable places for women to bring small children, owing to rare
parks containing more complex vegetation structure that reduces visibility and grass for
crawling, compared to common parks. Indeed, the perceived restorativeness component
legibility was significantly lower, and vegetation complexity was significantly higher, in rare
than common parks. Also, only two rare parks contained children’s play equipment,
compared to the majority of common parks. It is possible that different types of vegetation
structure and the presence/absence of ancillary features such as playgrounds (Özgüner et al.,
2012) are factors that may constrain some, while concurrently encouraging other, types of
park users.
Mayer and Frantz hypothesised that: “if people derive a sense of well-being from
feeling connected to nature, then those who are more connected should experience higher life
satisfaction” (2004, pg. 509). In my study, (i) connection to nature and life satisfaction were
moderately, albeit non-significantly, correlated (rs = 0.54), and (ii) rare park users reported
significantly higher connection to nature and life satisfaction than common park users. Future
research would benefit from investigating the strength of the relationship between connection
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to nature and life satisfaction. A related result was that rare park users reported significantly
higher motivation to use rare parks to get back to nature than common park users, but did not
differ with regards to other motivations for park use. Fuller et al. (2007) proposed that certain
people may choose to visit particular parks that enhance their ‘well-being’. My results
suggest that park users were not randomly distributed across rare and common parks with
regards to their impetus for park use to get back to nature, which had clear associations with
higher ecological complexity of parks, more beneficial psychological outcomes (e.g., higher
connection to nature) and higher life satisfaction associated with rare than common park
users. However, it is important to note two socio-demographic factors which may have
contributed to rare park users reporting significantly higher life satisfaction scores than
common park users. First, life satisfaction was significantly correlated with respondent age
(rs = 0.63), and rare park users were significantly older than common park users. Second, rare
parks contained a higher proportion of male park users, and females have been associated
with lower life satisfaction than males (Dolan et al., 2008; Kim and Jin, 2018).
Consistent with past research (Schipperijn et al., 2010; Dallimer et al., 2014), a
distance-decay relationship emerged at the park level (n = 30 parks) whereby frequency of
park use decreased as distance travelled to visit a park site increased (Appendix C.7). Yet in
the park type analyses there were significantly higher reports of ‘rare / first time’ use in rare
parks than in common parks (53% versus 20%, respectively; Appendix C.9.3), but no
significant difference in the distance travelled to use rare versus common parks (Table 4.4).
This result suggests that lower frequency of rare than common park use was not attributable
to a distance-decay relationship. One reason for the different frequency of park use reported
between rare and common parks may relate to park users’ motivations for park use.
Consistent with Dallimer et al. (2012), I found that frequency of park use was negatively
associated with higher ‘nature related’ motivation for park use (i.e., ‘to get back to nature’;
Appendix C.7). Rare park users reported significantly higher motivation for park use to get
back to nature but lower frequency of park use, compared to common park users (Table 4.4).
Hence, common parks may have been used more frequently for more prosaic reasons (e.g.,
walking the dog, taking the kids to the playground). Two other factors which may have
contributed to lower frequency of rare than common park use are that rare parks attracted a
higher proportion of male and older park users; of which both factors were weakly negatively
correlated with frequency of park use (rs = -0.32 and -0.30, respectively; Appendix C.7;
Table 4.4).
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Less frequent users of ecologically complex, rare park sites, reported more beneficial
psychological outcomes during park use (Appendix AA.8) and higher SWB (i.e., life
satisfaction), compared to more frequent users of less ecologically complex, common park
sites (Table 4.4). Dallimer et al. (2012; 2014) proposed that if an association can be
demonstrated between the ecological complexity/condition of urban parks (e.g., species
diversity) and park users’ PWB, then there may be a substantial argument to align urban
biodiversity conservation with human health goals when managing the ecology of urban
parks. Dallimer et al. (2014) expressed concern over their finding that less frequent park users
reported lower PWB, and that the ecological condition of parks (i.e., tree cover and bird
species richness) was not associated with how often park users frequented a park site in their
study. This suggests that improving the ecological condition of parks may not translate to
increased frequency of park use and, in turn, psychological benefits (Dallimer et al., 2014;
Shanahan et al., 2016). However, my findings align with previous research (e.g., Fuller et al.,
2007; Scopelliti et al., 2012) that supports aligning biodiversity conservation with supporting
more beneficial psychological outcomes to park users, when planning, designing and
managing the ecological characteristics of urban parks.
Yet, as discussed, my results (Table 4.4) also suggest that increasing the ecological
complexity of park sites may attract a different park user profile (e.g., age, gender) who visit
less frequently and for different reasons (e.g., to get back to nature). Swanwick (2009)
suggested that: “most people need to access and enjoy different types of landscapes at
different times and for different purposes, accessing what has been called a ‘portfolio of
places’ that is particular to each person” (pg. S62). It may be that parks with low ecological
complexity meet many everyday prosaic uses (Dallimer et al., 2014) such as walking the dog,
getting out of the house, or for lunch breaks close to the office, and are important types of
natural landscapes for particular user groups (e.g., users visiting with small children). On the
other hand, ecologically complex parks may be particularly important places for some park
users (e.g., older people) to, for example, affiliate with life and life-like processes and, in
turn, derive psychological benefits (e.g., higher connection to nature; Wilson, 1984; Mayer et
al., 2009). A trade off to meet the needs of multiple user groups may involve designing city
parks to contain a mix of high and low vegetation complexity within individual park sites.
This may be an effective way for city park managers to concurrently support prosaic (e.g.,
observing children, low ecological complexity and species diversity) and psychological (e.g.,
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connecting with nature, high ecological complexity and species diversity) needs of different
park user groups.
Two findings from my study bear mentioning with reference to the broader literature.
Firstly, Shanahan et al. (2015; 2016) proposed a dose-response framework for
investigating outcomes from human-nature exposure on people’s physical and mental health
as a function of frequency and duration of nature exposure, and the intensity of nature (e.g.,
structural heterogeneity, species diversity) that people are exposed to. Shanahan et al. (2016)
found their measure of nature intensity (vegetation complexity) was not associated with
physical health (i.e., high blood pressure) or PWB (i.e., depression) outcomes. Whereas
frequency and duration of greenspace visits (i.e., ≥ 30 mins once per week) were associated
with improvements to population prevalence of both illnesses (n = 1538 respondents in
Brisbane, Australia). In contrast, I found that higher intensity of rare than common park’s
ecological characteristics was associated with more beneficial psychological outcomes and
higher life satisfaction (i.e., a component of SWB) reported by rare than common park users.
Moreover, this result was irrespective of lower frequency of rare than common park usage
and no difference was identified between duration of rare and common park use (Table 4.4).
Secondly, Dallimer et al. (2012) suggested that there may be more relevant measures
of park ecology to associate with the psychological outcomes of park users than species
richness per se. That is, with regards to factors influencing psychological constructs, park
users may respond to “other environmental cues rather than directly to species richness (of
parks)” (Dallimer et al., 2012, pg. 51). Regarding birds, I found some support that pesty bird
species richness was noticed by park users and more strongly associated with park users’
reported level of perceived bird species richness and psychological outcome metrics, than
sampled bird species richness. Sample bird species richness was not significantly correlated
with any psychological outcome metric or perceived level of bird species richness.
Conversely, pesty bird species richness was negatively correlated with nine, and perceived
bird species richness was positively correlated with six, psychological outcome metrics.
Indeed perceived and pesty bird species richness measures were significantly correlated. It
appeared that park users were sensitive to the increasing dominance of pesty bird species on
park bird assemblages across individual parks in my study, which had clear associations with
park users’ reported levels of perceived bird species richness and their reports across
psychological outcome metrics. When I explored the possibility that pesty bird species
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richness may cue park users’ perceived levels of plant species richness using mediation
analysis, pesty bird species richness indeed fully mediated the relationship between sampled
and perceived bird species richness. Taken together, these findings may explain why (i)
measures of sample bird species richness were not significantly correlated with perceived
levels of bird species richness in my study or in previous studies (Shwartz et al., 2014;
Dallimer et al., 2012; Fuller et al., 2007), and (ii) Dallimer et al. (2012) and I found a stronger
association between psychological outcome metrics and perceived as opposed to sampled
levels of bird species richness (Table 4.7; Appendix C.15).
There are two problems with associating sample bird species richness (i.e., total bird
species richness counts) of a park to park user reports against psychological constructs. First,
sample bird species richness measures do not account for pesty or ‘undesirable’ bird species
which may dominate urban bird assemblages. For example, while Dallimer et al. (2012)
reported identifying only two non-native bird species; six species listed in their
supplementary material may be considered pesty (e.g., feral pigeon, collared dove, starling,
house sparrow, ring necked parakeet and woodpigeon). The woodpigeon, one of the most
ubiquitous species across Dallimer et al’s (2012) park sites, has since been found by Brock et
al. (2017) to be negatively valued by residents in the UK. Second, researchers, such as
myself, Fuller et al. (2007) and Dallimer et al. (2012), have explored/hypothesised that higher
sample bird species richness may be positively associated with psychological constructs
indicative of positive psychological functioning (e.g., PWB outcomes, connection to nature,
restoration). Yet lower bird species diversity may be more closely associated with more
beneficial psychological constructs if the proportion of species is more desirable, or liked
(e.g., non-pesty). My research suggests that not all bird species will contribute to a park
user’s psychological outcome in the same way. Some species may impact negatively and
others positively on park users’ psychological outcomes, and the strength of such
associations, if any, may vary across individual psychological outcome metrics. Isolating key
ecological characteristics of parks associated with human health benefits arising from humannature exposure is a key research priority (Velarde and Tviet, 2007). Hence, future studies
would benefit from characterising urban bird assemblages beyond total bird species counts
when seeking to determine associations with the psychological outcomes of park users.
Dallimer et al. (2012) suggested ‘charismatic’ bird species may be an important metric of
urban avifauna to relate to park users’ psychological outcomes. In support of Dallimer et al.
(2012), my results indicate that, at the other end of the spectrum, pesty bird species may be an
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equally important aspect to consider. Managing the prevalence of pesty bird species in UGSs,
such as parks, may be beneficial not only for avian biodiversity conservation, but also for
supporting beneficial psychological outcomes to UGS users.
4.4.8 Factors related to psychological outcome metrics
A discussion of the factors related to n = 8 psychological outcome metrics analysed in this
chapter (i.e., Chapter 4) follows in sections 4.4.8.1 – 4.4.8.6.
4.4.8.1 Connection to nature
I found some support from univariate GLM that connection to nature was positively
associated with respondents’ perceived level of species richness (Southon et al., 2018) and
vegetation complexity (Shanahan et al., 2015a), yet these models were weakly supported
(Table 4.7). I found much stronger support from multivariate GLM that park users’
connection to nature was positively associated with increasing motivation for park use to get
back to nature, and negatively associated with increasing pesty bird species richness. No
other model was strongly supported by comparison. Drawing on the biophilia hypothesis
(Wilson, 1984), I hypothesised that increasing levels of species diversity and ecological
complexity of parks may represent increasing levels of opportunity for park users to affiliate
with life and life-like processes and, in turn, increasing opportunity to connect with the
broader natural world. I found indirect support for this hypothesis given park users in more
ecologically complex and species diverse (i.e., rare) park sites were more motivated to use
parks to get back to nature and reported higher connection to nature, compared to those in
common parks. Management approaches that increase the ecological complexity of parks
dominated by mown turf with scattered trees (typical common park sites), and reduce the
prevalence of pesty bird species, may concurrently increase park users’ motivation to use
parks to get back to nature and opportunities for urban residents to connect with nature in
these parks.
4.4.8.2 Compatibility
The perceived restorativeness component compatibility was the only psychological outcome
metric that did not differ across park type (Table 4.4). That is, respondents perceived that rare
and common parks matched what they wanted to do, could do, and must do during park
visits, to the same degree. Nonetheless, that motivation for park use to get back to nature was
higher in rare than common parks (but other motivation categories did not differ) suggests
rare parks may have been more ‘compatible’ with regards to ‘getting back to nature’.
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In contrast to Scopelliti et al. (2012), I found no evidence that compatibility was
associated with the level of sampled (or perceived) plant species richness. However,
ecological measures characterising park bird assemblages, including perceived levels of bird
species richness, were associated with compatibility scores across my analyses. Perceived
level of bird species richness was the only variable significantly correlated with compatibility
scores across category B – F variables (Appendix C.7). This finding aligns with previous
research indicating that ‘animal activities’ are positively associated with restorative
experiences (Stigsdotter and Grahn, 2011). The top three univariate GLMs explaining
compatibility were bird abundance, pesty bird species richness, and perceived bird species
richness (sample bird species richness was poorly supported; section 4.4.7). However,
strongest support was found for the multivariate GLM indicating compatibility was positively
associated with duration of park use and negatively associated with bird abundance
(Appendix C.16). Managing the abundance of prevalent urban bird species (e.g., pigeons)
may be important, not only for avian conservation in city parks, but also to support
restorative experiences to park users (i.e., for city parks to meet the wants and needs of urban
park users; compatibility).
4.4.8.3 Legibility
Across my analyses, increasing vegetation complexity across city park sites was negatively
associated with park users’ perceived possibilities for “staying oriented and making sense of
the surroundings as one proceeds further” (i.e., legibility; Hartig et al., 1997, pg. 7).
Multivariate GLM indicated strongest support that legibility declined with increasing plant
abundance and increased as the proportion of English-speaking respondents increased. This
finding supports Hull and Harvey’s (1989) assertion that increasing understory vegetation
complexity decreases ‘wayfinding’. It is unclear why legibility increased with increasing
proportion of park users whose primarily language spoken at home was English, but may
relate to more recent immigrants to Australia being less familiar with parks of their adopted
country, or the items for legibility containing more complex language (e.g., ‘mental map’).
Albeit non-significant, it bears mentioning that the pattern of correlation coefficients
indicated legibility was negatively correlated with more beneficial psychological outcome
metrics reported (Appendix AA.8) during park use (e.g., connection to nature, rs = -0.58;
perceived restorativeness ‘fascination’, rs = -0.36; and place attachment ‘dependence’, rs = 0.33), and positively correlated with compatibility (rs = 0.31). Also, rare parks hosting lower
legibility were associated with a range of more beneficial psychological outcome metrics
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reported during park use, compared with common parks hosting higher legibility. Wayfinding
may be important in some environments, such as when hiking in large national parks, but less
important when recreating in small urban parks (e.g., 0.5 – 5.0 ha parks in my study).
Management approaches that reduce the vegetation complexity of a park site (e.g., low
woody and herbaceous plant abundance), thereby increasing legibility, may reduce beneficial
psychological outcomes to some park users but bolster the compatibility of a park site for
other park users. While other psychological outcome metrics were straightforward with
regards to whether a higher or lower scores constituted a more ‘beneficial’ psychological
outcome (e.g., higher connection to nature is more beneficial; Mayer et al., 2009; Appendix
AA.8), legibility was not. The optimal level of legibility, as with all components of perceived
restorativeness, is therefore likely user-specific. For example, higher legibility may be
desirable for observing small children/dogs, yet undesirable for observing, exploring and
connecting with nature.
4.4.8.4 Being away and Fascination
In contrast to Nordh et al. (2009), I found that the perceived restorativeness components
being away and fascination were weakly related to park size. Nordh et al. (2009) investigated
small park sites (≤ 0.15 ha), using photographs of parks and perceived park size. My park
sites were considerably larger (0.5 – 5.0 ha), size was measured objectively using aerial
photographs and respondents were interviewed in situ. Whereas Nordh et al. (2009) found
increasing amounts of a park image covered by vegetation (i.e., individual variables
measuring amount of trees, bushes, lower ground vegetation and grass) were more strongly
associated with being away than fascination; I identified the opposite trend. Fascination
scores were more strongly associated with indicators of increasing vegetation complexity of
parks (e.g., higher sample plant species richness and structural heterogeneity; rs = 0.72 and
0.79, respectively; p < 0.05) than being away scores (rs = 0.49 and 0.51, respectively; p >
0.05). In contrast to Nordh et al. (2009) who found being away increased with increasing
proportion of an image covered by grass, I found that being away and fascination were
negatively associated with increasing grass cover (i.e., mown turf). My parks contained a low
percent of hardscape cover ( 1.67%, SD 4.17, range 0 – 23) compared to prevalent
hardscape cover in Nordh et al’s (2009) park photographs ( 52.7%, SD 33.5, range 0 –
100%). It may be that grass cover is positively associated with being away more so than
hardscape cover (Nordh et al., 2009); but when hardscape is minimal, higher vegetation
complexity is more strongly associated with being away than grass cover.
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In support of Scopelliti et al. (2012), I found that both being away and fascination
were positively associated with sample plant species richness. However, I found a stronger
association with perceived than sampled measures of plant and bird species richness in
univariate GLM (Table 4.7; Appendix C.15). Multivariate GLM indicated that the way in
which park user’s attention became captured by elements such as flora and fauna and the
process of exploration (i.e., fascination) was positively associated with increasing sampled
plant, and perceived bird, species richness. Multivariate GLM also provided some support of
a dose-response relationship (Shanahan et al., 2016) given respondents’ reports of being away
were best explained by a multivariate model incorporating frequency of park use. That is, as
respondents used parks more frequently, and perceived a higher level of plant species
richness, parks were increasingly perceived to facilitate “psychological distance from
demands and routines in which a person uses the directed attention capacity (i.e., being
away”; Nordh et al., 2009, pg. 226). Given perceived and sampled species richness measures
generally corresponded well across my study, my findings support aligning park plant and
bird biodiversity conservation with supporting restorative experiences to park users (Fuller et
al., 2007; Scopelliti et al., 2012; Dallimer et al., 2012).
4.4.8.5 Likelihood of restoration
In contrast to Nordh et al. (2009), I found poor support from univariate GLM that park users’
perceived ability to rest and recover their ability to focus while using parks (i.e., likelihood of
restoration) was associated with measures of increasing vegetation complexity of parks (e.g.,
CIs of plant abundance, structural heterogeneity and canopy cover models encompassed
zero). Univariate and multivariate GLM indicated that likelihood of restoration was
associated with motivations for park use (Appendix C.15 and C.16). I found strongest support
for the multivariate GLM indicating that perceived likelihood of restoration was positively
associated with motivation to use the park ‘for peace and tranquillity’ and perceived plant
species richness. This result provides additional weight to aligning biodiversity conservation
with the restorative potential of urban parks (Scopelliti et al., 2012), and supports Dallimer et
al’s (2014) argument that future studies may benefit from considering park users’ motivations
for park use.
4.4.8.6 Place attachment – identity and dependence
Univariate GLM indicated that both place identity and place dependence were best explained
by variables characterising park bird assemblages. Identity declined with increasing bird
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abundance whereas dependence declined with increasing pesty bird species richness.
Multivariate GLM showed the strongest support that (i) dependence was negatively
associated with bird abundance and positively associated with motivation for park use to get
back to nature, whereas (ii) identity was negatively associated with bird abundance and
positively associated with respondent age. Hence, my results provide strong support that the
level of symbolic (identity) and functional (dependence) attachment that park users formed
with city parks was strongly associated with variables characterising park bird assemblages,
and to a lesser extent, individual factors such as motivation for park use and respondent age.
4.4.9 Limitations
It is important to explicitly acknowledge the issue of self-selection bias which applies to my
study, and indeed any in-situ study of park users. Self-selection bias relates to park users
selecting themselves into a park (through visiting a park) and therefore causing a biased
sample. This issue of bias relates to my analysis overall, and specifically my (i) discussion of
the ‘rare’ parks in comparison with the ‘common’ parks, and the differential benefits reported
by visitors to ‘rare’ parks, and (ii) discussion of respondent level data driving park use and
motivations for that use. It is important to emphasise that there will be many different types
of park users, with varying motivations for use. Hence, expecting there to be a single ‘best’
park for all individuals is likely misleading. For example, it is possible that there are
characteristics of existing parks that meet the prosaic needs and/or are psychologically
beneficial to individuals who visit (hence they are there), whereas this is not the case for
those who do not visit.
4.5

Conclusions

Perceived and sampled species richness measures generally corresponded well across my
study, indicating it is plausible to associate the psychological outcomes of park users to the
level of species diversity within parks. My results provide considerable support for aligning
biodiversity conservation with supporting more beneficial psychological outcomes arising
from human-nature exposure (Carrus et al., 2015; Sandifer et al., 2015), such as the perceived
restorativeness components being away and fascination. Dallimer et al. (2012) suggested
there may be more relevant measures of park ecology than species diversity to relate to park
users’ psychological states, and Luck et al. (2011) argued it is important to consider
individual factors when assessing relationships between the urban environment and urban
residents’ psychological states. Indeed, my findings provide some support for these
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assertions. Psychological outcomes during park use were associated with ecological factors
characterising park plant and bird assemblages beyond perceived and sampled measures of
species richness (e.g., bird abundance, plant abundance, pesty bird species richness) in
addition to individual factors characterising respondents (e.g., motivations for park use,
ethnicity, frequency of park use).
Importantly, park planners may have considerable influence over park users’
psychological outcomes during park use depending on the vegetative characteristics
mandated in park management plans (Hull and Harvey, 1989) and how avian assemblages are
managed; which may have broader associations with park users’ subjective wellbeing (e.g.,
life satisfaction). Evidence also emerged suggesting that parks with different ecological
characteristics attracted a different park user profile, who reported using parks differently and
cited different motivations for park use. Swanwick (2009) advocated the importance of a
variety of different types of landscapes that people can access and enjoy at different times
and for different purposes. Similarly, Fuller et al. (2007) recommended that the provision of
parks with varying ecological characteristics enables individuals to access the type of park(s)
from which they benefit, psychologically, the most. To effectively manage, plan and design
urban parks that support beneficial psychological outcomes to users, the provision of a suite
of locally accessible parks that vary along a continuum of high to low ecological complexity
is recommended. Alternatively, compartmentalising individual park sites to contain areas of
high and low ecological complexity may be an effective strategy to concurrently support both
the prosaic and psychological needs of different park user groups.
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APPENDIX C
C.1 Overview of the pathways tested between response and predictor variables across
Chapter 4: Aims 1, 2 and 3

(a)
(b)
(c)
(d)
(e)
(f)

Aim 2
Aim 2
Aim 2
Aim 2
Aim 2
Aim 2

(g)

Aim 2

(h)
(i)
(j)
(k)
(l)
(m)
(n)

Aim 2
Aim 2
Aim 3
Aim 3
Aim 3
Aim 3
Aims 2 and
3

Does connection to nature predict species differentiation skills?
Do species differentiation skills predict perceived plant species richness?
Do species differentiation skills predict perceived bird species richness?
Does connection to nature predict perceived plant species richness?
Does connection to nature predict perceived bird species richness?
What is the alignment between perceived and sampled plant species richness (i.e.,
alignment plants variable)?
What is the alignment between perceived and sampled bird species richness (i.e.,
alignment birds variable)?
Does connection to nature predict the alignment plants variable?
Does connection to nature predict the alignment birds variable?
Does perceived plant species richness predict connection to nature
Does perceived bird species richness predict connection to nature?
Does perceived plant species richness predict psychological outcome metrics?
Does perceived bird species richness predict psychological outcome metrics?
Do park use factors, socio-demographic factors, and/or park ecology factors predict
(i) psychological outcome metrics, (ii) perceived plant and/or perceived bird species
richness variables, the alignment plants and/or alignment birds variables, and/or the
species differentiation skills variable?

Notes: Solid lines indicate a tested pathway, using arrow heads to indicate where a predictor variable
is hypothesised to drive a response variable (i.e., predictor  response). Dotted lines on the (f) and
(g) pathways indicate a methodological step to quantify the alignment (i.e., difference, if any)
between park users’ perceived, and ecologically sampled, level of species richness. * = specific
combinations of park use, socio-demographic and/or park ecology variables hypothesised to drive
response variables relating to (i) Aim 2 (i.e., species differentiation skills, perceived plant/bird species
richness, and alignment plants/birds response variables) are detailed in Table 4.3, and (ii) Aim 3 (i.e.,
psychological outcome metrics response variables) are detailed in Table 4.7.
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C.2: Survey sampling methods
The park user closest to the interviewer was selected when commencing social sampling in a
park. After completion of an interview, the researcher approached the next closest park user
(who was not in ear-shot of the last completed interview) and invited them to participate in
the research project. This approach avoided potential response biases from park users who
may have heard other participant’s answers. One park user who approached the researcher
and asked to participate in the survey was allowed to participate (n = 1), however the survey
results were later discarded to avoid self-selection bias. Where a participant declined to
answer a portion of the survey, their response was recorded as ‘NA’ and the remaining
answers from the survey were retained and used where appropriate. If a park user was
approached who had not yet used the park for ten minutes, their permission was sought to reapproach them after ten minutes had passed. Ten minutes was chosen as the cut off time as
this is the minimum time estimated for a park user to adjust to a greenspace setting and begin
to ascertain benefits from nature exposure (see for example, Ulrich et al., 1991; Hartig et al.,
2003). Participants who lived overseas or outside of the Sydney Greater Capital City
Statistical Area (ABS, 2012) were excluded because the focus was on people who had the
opportunity to regularly use the park they were interviewed in. Park users under the age of 18
were excluded due to the ethical concerns around interviewing minors, and the use of adult
psychological scales in this park study (e.g. Personal Wellbeing Index; International
Wellbeing Group, 2013). Before starting the interview, the interviewer explained the
park/garden boundaries to clarify the area to which survey questions related.
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C.3: Copy of the (i) park / garden user survey, and (ii) participant survey manual

PARK / GARDEN USER SURVEY
*** Prior to interview, issue plain language statement and gain verbal consent to participate in
the project***
S1. Where do you normally live, in Australia or
□ Overseas (terminate survey)
overseas?
□ Australia – continue.
If Australia, may I have your postcode? ___ ___ ___ ___
□ <No (terminate survey)
□ Yes – continue.

S2. Are you over 18?

S3. How long have you been in the park / garden
today?

_______________

Mins

S4. How long do you intend to stay in the Park /
garden today all up?

_______________

Mins

Part 1
“Referring to scale 1 in the user manual, please pick from A-G which picture best describes your
relationship with the natural environment. How interconnected with nature are you right now? “
A
1

B
2

C
3

D
4

E
5

F
6

G
7

Part 2
“Referring to scale 2 in the user manual, “I’ll now ask how strongly you agree or disagree with each

of the following statements about this park/garden on a scale from 1 – 7. On this scale 1 means you
strongly disagree with the statement, 7 means you strongly agree, and at the middle of the scale is 4
which means you neither agree nor disagree, which means you are neutral. I can repeat this if you
like?”
“Please indicate how strongly you agree or disagree with each of the following statements about your
experience at this park/garden”

No.

Read out item…..

Circle response…..

2.1.1

Being at this park/garden is an escape experience

1

2

3

4

5

6

7

2.1.2

This park/garden has fascinating qualities

1

2

3

4

5

6

7

2.1.3

You could easily form a mental map of this park/garden

1

2

3

4

5

6

7

2.1.4

You can do things you like at this park/garden

1

2

3

4

5

6

7

2.1.5

Spending time at this park/garden gives you a break

1

2

3

4

5

6

7

1

2

3

4

5

6

7

from your day-to-day routine.
2.1.6

Your attention is drawn to many interesting things at this
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park/garden
2.1.7

It is easy to find your way around this park/garden.

1

2

3

4

5

6

7

2.1.8

You have a sense that you belong here.

1

2

3

4

5

6

7

2.1.9

This park/garden is a place to get away from it all.

1

2

3

4

5

6

7

2.1.10

There is much to explore and discover in this park/garden.

1

2

3

4

5

6

7

2.1.11

It is easy to see how things are organised in this park/garden

1

2

3

4

5

6

7

2.1.12.

You can find ways to enjoy yourself at this park/garden

1

2

3

4

5

6

7

2.2.1

This park/garden is very special to you

1

2

3

4

5

6

7

2.2.2

This park/garden is the best place for what you like to do

1

2

3

4

5

6

7

2.2.3

You identify strongly with this park/garden

1

2

3

4

5

6

7

2.2.4

No other place can compare to this park/garden

1

2

3

4

5

6

7

2.2.5

You are very attached to this park/garden

1

2

3

4

5

6

7

2.2.6

Doing what you do at this park/garden is more important to

1

2

3

4

5

6

7

you than doing it at any other place
2.2.7

This park/garden means a lot to you

1

2

3

4

5

6

7

2.2.8

You wouldn’t substitute any other area for the types of things

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

you do at this park/garden
2.3.1

If you were mentally tired, you would be able to rest and
recover your ability to focus in this park/garden

2.4.1

You like this park/garden

Part 3

“Referring still to scale 2 in the user manual, I’m now going to read you a list of words that
can be used to describe parks/gardens. I would like you to rate how strongly you agree or
disagree that each word describes THIS park/garden.”
“How strongly do you agree or disagree the word ‘x’ accurately describes this park / garden?”

No.

Read out item…..

Circle response…..

3.1

… Stimulating

1

2

3

4

5

6

7

3.2

… Tense

1

2

3

4

5

6

7

3.3

… Dull

1

2

3

4

5

6

7

3.4

… Hectic

1

2

3

4

5

6

7

3.5

… Interesting

1

2

3

4

5

6

7
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3.6

… Boring

1

2

3

4

5

6

7

3.7

… Serene

1

2

3

4

5

6

7

3.8

… Calm

1

2

3

4

5

6

7

3.9

… Monotonous

1

2

3

4

5

6

7

3.10

… Rushed

1

2

3

4

5

6

7

3.11

… Peaceful

1

2

3

4

5

6

7

3.12

… Exciting

1

2

3

4

5

6

7

Part 4
“We’re interested in getting some information about how many different species of birds and plants
you think there are in this park / garden. Don’t worry if you don’t know or are not sure. It usually
takes special training to tell the difference between different species. I’m going to give you a bit of
information to start though. Please refer to the next page on your manual.

‘Species’ refers to a group of individuals that have similar characteristics and are
able to reproduce with one another (e.g. Koalas). Individuals that can’t reproduce with each
other to produce viable offspring (even though they may look similar) are from different
species. For example, a gorilla and an orang-utan are both types of ‘apes’, however they are
unable to reproduce with one another so they are different ‘species’.
“Now I have given you some information on what a species is, I would like to know how
you interpret the living things in the park around you.”
4.1.1 Referring to scale 3, how many different species of birds do you think there are in this
park today? (Circle response)
1

2

3

4

Less than 5
bird species

5-12 bird
species

13-30 bird
Species

More than thirty bird
species

4.1.2 Referring to scale 4, how many different species of plants do you think there are in this
park today? (Circle response)

1

2

3

4

Less than 20 plants
species

20-100 plant
species

101-300 plant
Species

More than 300 plant
species
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4.2 “Now, we’re interested in getting some information about different species of birds. I’m now
going to show you a series of pairs of birds. Please tell me if you think the birds in each pair are (a)
‘the same species’ (b) ‘different species’ or (c) If you do not know please indicate ‘do not
know/unsure’. Don’t worry if you don’t know, as I said this isn’t something people generally know we are just looking at it”.
(Circle response)
4.2.1

Pair ONE

1

2

3

4.2.5

Pair FIVE

1

2

3

4.2.2

Pair TWO

1

2

3

4.2.6

Pair SIX

1

2

3

4.2.3

Pair THREE

1

2

3

4.2.7

Pair SEVEN

1

2

3

4.2.4

Pair FOUR

1

2

3

4.2.8

Pair EIGHT

1

2

3

Part 5
I’ll now read you a series of positive and negative feelings. If you could please respond using scale 5.
On this scale:
1
Never

2
Rarely

3
Sometimes

4
Very often

5
Always

Thinking about yourself and how you normally feel, to what extent have you felt over the past
month…
Emotion….

Circle response…

5.1 Upset

Never

1

2

3

4

5

Always

5.2 Hostile

Never

1

2

3

4

5

Always

5.3 Alert

Never

1

2

3

4

5

Always

5.4 Ashamed

Never

1

2

3

4

5

Always

5.5 Inspired

Never

1

2

3

4

5

Always

5.6 Nervous

Never

1

2

3

4

5

Always

5.7 Determined

Never

1

2

3

4

5

Always

5.8 Attentive

Never

1

2

3

4

5

Always

5.9 Afraid

Never

1

2

3

4

5

Always

5.10 Active

Never

1

2

3

4

5

Always
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PART 6
“Referring to scale six, I’ll now ask you how satisfied or dissatisfied you feel, on a scale from zero to
ten. Zero means you feel completely dissatisfied. 10 means you feel completely satisfied. At the
middle of the scale is 5, which means you feel neutral (i.e., neither satisfied nor dissatisfied). “Would
you like to go over this again?” [If “yes”, repeat the above. If “no”, proceed to next statement]
Completely
Dissatisfied

0

Neutral

1

2

3

4

5

Completely
satisfied

6

7

8

9

10

“Thinking about your own life and personal circumstances, how satisfied are you with….”
(Circle response…)
6.1a… your life as a whole?

0 1 2 3 4 5 6 7 8 9 10

6.1 …. your standard of living?

0 1 2 3 4 5 6 7 8 9 10

6.2 …. your health?

0 1 2 3 4 5 6 7 8 9 10

6.3 …. what you are achieving in life?

0 1 2 3 4 5 6 7 8 9 10

6.4 …. your personal relationships?

0 1 2 3 4 5 6 7 8 9 10

6.5…. how safe you feel?

0 1 2 3 4 5 6 7 8 9 10

6.6…. feeling part of your community?

0 1 2 3 4 5 6 7 8 9 10

6.7…. your future security?

0 1 2 3 4 5 6 7 8 9 10

6.8 …. your spirituality or religion?

0 1 2 3 4 5 6 7 8 9 10 or N/A

PART 7: “Now just a few questions about how you use this park / garden”
7.1 using scale seven, please indicate how strongly you agree with each of the following
categories describing why you came to the park/garden today?
1 strongly disagree 4 neutral

7 strongly agree

“You came to the park/garden today for / to”….
7.1.1 Physical activity

1

2

3

4

5

6

7

7.1.2 Get back to nature

1

2

3

4

5

6

7

7.1.3 Peace and tranquillity

1

2

3

4

5

6

7

7.1.4 To socialize

1

2

3

4

5

6

7
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7.2 How often do you usually visit this
park/garden?

□ Daily
□ A few times a week
□ Once a week
□ A couple times per month
□ Monthly
□ Rarely
□ This is the first time
□ Not sure / don’t know / irregular

7.2 How often do you usually visit
parks/gardens?

□ Daily
□ A few times a week
□ Once a week
□ A couple times per month
□ Monthly
□ Rarely
□ This is the first time
□ Not sure / don’t know / irregular

7.3 How far have you travelled to be at
this park / garden today?

□ < 2 km
□ 2 – 5 km
□ 6 – 10 km
□ 11 – 20 km
□ > 20 km

7.4 Which category best describes the
social nature of your visit to the
park/garden today?

You came….
□ Alone
□ Alone + dog(s)
□ Alone + dog(s) & child/ren
□ Alone + child/ren
□ Adults & Children/dog (record #) _________
□ Adults (record #) _______________

8.1 Is English your primary language
spoken at home?

□ Yes
□ No

8.2 Do you mind if I record your age?

□ 18-24
□ 25-34
□ 35-44
□ 45-54
□ 55-64
□ 65-74
□ 75+

8.2 What is your relationship status?

□ Married / de facto (living together)
□ Dating (living separately)
□ Single/separated/divorced/widowed
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8.3 Which category *BEST* describes
your occupation or life stage? (CHOOSE
1 only)

□ FT / PT student
□ Full time employed
□ Part time employed
□ Looking for work
□ Home duties / volunteer
□ Retired
□ Study & Working
□ Other
(specify)………………………………….

8.4 Do you mind if I record your gender
as male / female?

□ Female
□ Male

8.5 What is your highest level of formal
education?

□ Year 11 or below
□ Year 12
□ TAFE/college certificate/diploma
□ Bachelor degree
□ Graduate certificate or diploma
□ Post graduate degree

**FINISHED – THANK PARTICIPANT FOR TIME**
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PARTICIPANT SURVEY MANUAL

The following information will assist you in answering the survey questions.
Estimated survey completion time: 12 minutes
Thank you for your participation.
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Scale one
Please circle from A-G which picture best describes your relationship with the natural
environment. How interconnected with nature are you right now?

Not connected

Fully connected
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Scale two

1

2

3

4

5

6

7

Strongly
disagree

Disagree

Disagree
somewhat

Neither
agree nor
disagree
---------Neutral

Agree
somewhat

Agree

Strongly
agree
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Species Information
‘Species’ refers to a group of individuals that have similar characteristics and are able to reproduce with one another (e.g. Koalas). Individuals
that can’t reproduce with each other to produce viable offspring (even though they may look similar) are from different species. For example, a
gorilla and an orang-utan are both types of ‘apes’, however they are unable to reproduce with one another so they are different ‘species’.
Ape

Ape

Common name: Gorilla
Scientific name/species: Troglodytes gorilla

Common name: Orangutan
Scientific name/species: Pongo borneo
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Scale three

1

2

3

4

Less than 5
bird species

5-12 bird
species

13-30 bird
species

More than 30 bird
species
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Scale four

1

2

3

4

Less than 20 plants
species

20-100 plant
species

101-300 plant
species

More than 300 plant
species
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Pair one

1

2

3

Same bird
Species

Different bird
species

Don’t know /
Not sure
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Pair two

1

2

3

Same bird
Species

Different bird
species

Don’t Know /
Not sure
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Pair three

1

2

3

Same bird
species

Different bird
species

Don’t know /
Not sure

277

Pair four

1

2

3

Same bird
species

Different bird
species

Don’t know /
Not sure

278

Pair five

1

2

3

Same bird species

Different bird species

Don’t know /
Not sure

279

Pair six

1

2

3

Same bird species

Different bird species

Don’t know /
Not sure

280

Pair seven

1

2

3

Same bird species

Different bird species

Don’t know /
Not sure
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Pair eight

1

2

3

Same bird species

Different bird species

Don’t know /
Not sure
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Scale five

1

2

3

4

5

Never

Rarely

Sometimes

Very often

Always
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Scale six

0
Completely
Dissatisfied

1

2

3

4

5
Neither
satisfied
nor
dissatisfied
-------Neutral
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6

7

8

9

10
Completely
satisfied

Scale seven

1

2

3

4

5

6

7

Strongly
disagree

Disagree

Disagree
somewhat

Neither
agree nor
disagree
-------Neutral

Agree
somewhat

Agree

Strongly
agree
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C.4: Information on response variables used in Aim 2 and details on category A – F variables, including sampling methods, data sources,
variable transformations/calculations.
Response variables used in the logistic regression, ctree analyses and histogram (see Aim 2, Chapter 4)
Variable
Survey question / data source
Variable calculation
1. Species
Please tell me if you think the
The species differentiation skills variable was constructed by regarding the responses
differentiation skills birds in each pair are (a) the
to each bird pair as being binomial with probability of correctness being given by a
same species, (b) different
linear combination of various explanatory variables, and question number as an
species, or (c) don’t know /
additional explanatory variable. In this way the predicted probability of a correct
unsure.
answer is adjusted for difficulty of question and all the other factors.
(Note: ‘don’t know / unsure’ responses was classified as a wrong answer)
2. Perceived plant
How many different species of
Ordinal response variable of the raw perceived plant species richness categories 1 – 4.
species richness
plants do you think there are in
this park today?
1.
< 20 plant species
2.
20 – 100 plant species
3.
101 – 300 plant species
4.
> 300 plant species
3. Alignment plants
Survey question as for (2) above. The sampled plant species richness of each park was converted to an ordinal variable
Data source: sample plant
that corresponded with the perceived plant species richness categories. For example a
species richness (see category F park with a sample plant species richness of 30 was coded as ‘2’ to correspond with
variables).
the ordinal perceived species richness category 20 – 100 plant species. Each park’s
ordinal conversion of sampled plant species richness was then subtracted from the raw
perceived species richness score of each respondent (1 = < 20 plant species; 2 = 20 –
100 plant species, 3 = 101 – 300 plant species, 4 = > 300 plant species). This
calculated the ‘alignment’ between (i) the level of plant biodiversity each respondent
perceived, and (ii) the ecologically sampled level of plant richness. For example, if a
park user perceived between 101 – 300 plant species (i.e., raw score of 3 on the
perceived species richness scale) when interviewed in a park with a sample plant
species richness of 30 (i.e., ordinal classification of 2); the equation used to calculate
the level of alignment was: 3 – 2 = 1. The interpretation in this example was that the
respondent had perceived a level of plant species richness higher than indicated by
ecological sampling by one ‘factor’ (i.e., category along the perceived plant species
richness scale). The method was modified from Dallimer et al. (2012); however, I
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4. Perceived bird
species richness
(categorical)

How many different species of
birds do you think there are in
this park today?
1.
< 5 species
2.
5 – 12 species
3.
13 – 30 species
4.
> 30 species

looked at the alignment between perceived and sampled species richness across plants
separately to birds, as opposed to summing the alignment across these taxonomic
groups.
Ordinal response variable of the raw perceived bird species richness categories 1 – 4.

5. Alignment birds

Survey question: as for (4)
As for (3) above, but using bird scales and bird data from ecological sampling.
above. Data source: sample bird
species richness (see category F
variables).
Category A – psychological outcomes of park use.
Park user survey item(s)
Variable calculation
Additional information including park level (n =
30) descriptive statistics (mean
S.E., range)
1. Connection to nature
The variable used was raw score,
The biophilia hypothesis asserts that people have a
Please pick from A-G which picture best
which
could
range
from
1-7,
biologically based need to affiliate with life and lifedescribes your relationship with the natural
corresponding with A-G, respectively like processes, and to feel connected to the broader
environment. How interconnected with nature
(see below). A park level variable was natural world (Wilson, 1984). To measure connection
are you right now?
calculated by averaging the raw score to nature, I used a modified version of the
of respondents in each park.
Interconnectedness with Nature Scale (INS; Schultz,
2001). Schultz (2001) proposed that objects, such as
plants and animals, “are valued because of the degree
to which they are included within an individual’s
cognitive representation of self” (pg. 336). The INS
measure of ‘connection to nature’ differs from other
measures of this construct in that (i) it is a single item
graphical tool and is therefore less robust than multi287

In accordance with Mayer et al. (2009, pg. 614) the stem question was changed from a
trait to a state response to tap present (i.e., right now) feelings of connectedness to
nature. Also, a continuum was added to the graphical scale that had the words ‘least
connected’ and ‘most connected’ corresponding with the independent circles graphic
(i.e., A) and the overlapped circles graphic (i.e., G), respectively (See above).
2.1 Perceived restorativeness component ‘being away’
Respondents were asked the stem question:
For each respondent, a mean score
“Please indicate how strongly you agree or
across the three ‘being away’ items
disagree with each of the following statements was calculated. Then a park level
about your experience at this park/garden”.
variable was created by averaging the
Respondents were directed to respond using a
responses of respondents using each
seven point Likert scale, where: 1 = strongly
park.
disagree; 2 = disagree; 3 = disagree somewhat;
4 = neutral; 5 = agree somewhat; 6 = agree; 7 =
strongly agree.
(1) Being at this park/garden is an escape
experience
(2) Spending time at this park/garden gives
you a break from your day-to-day routine
(3) This park/garden is a place to get away
from it all
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item tools, (ii) forces respondents to form an abstract
graphical representation of their connection to nature
which they may not be able to do, and (iii) is
predominantly a cognitive measure of connection to
nature (Mayer and Frantz, 2004). However; the INS
may be a sufficient measure of connection to nature
where time and space is limited, given the INS has
been shown to correlate moderately with the
Connectedness with Nature Scale (CNS; a multi-item
affective measure of connection to nature; Mayer and
Frantz, 2004; Mayer et al., 2009).
= 4.59 (S.E. ± 0.07, range 3.70 – 5.35)

To measure the ‘being away’ component of Perceived
Restorativeness (derived from Attention restoration
theory – see Kaplan and Kaplan, 1989; Kaplan,
1995), three items were selected and modified from a
version of the Perceived Restorativeness Scale
developed by Hartig et al. (1997). Modifications
included (i) referring to the park/garden, and (ii)
asking from the perspective of the respondent. For
example: “Spending time here gives me a break from
my day-to-day routine” was modified to “Spending
time at this park/garden gives you a break from your
day-to-day routine”.
= 5.53 (S.E. ± 0.07, range 4.68 – 6.32)

2.2 Perceived restorativeness component ‘fascination’
Response scale and stem question as for 2.1
For each respondent, a mean score
above
across the three ‘fascination’ items
was calculated. Then a park level
(1) This park/garden has fascinating qualities variable was created by averaging the
(2) Your attention is drawn to many
responses of respondents using each
interesting things at this park/garden
park.
(3) There is much to explore and discover in
this park/garden

To measure the ‘fascination’ component of Perceived
Restorativeness, three items were selected and
modified from the Perceived Restorativeness Scale
(see 2.1 above). For example: “my attention is drawn
to many interesting things” was modified to “Your
attention is drawn to many interesting things at this
park/garden”.
= 4.83 (S.E. ± 0.11, range 3.89 – 6.23)

2.3 Perceived restorativeness component ‘legibility’
Response scale and stem question as for 2.1
For each respondent, a mean score
above
across the three ‘legibility’ items was
calculated. Then a park level variable
(1) You could easily form a mental map of this was created by averaging the
park / garden
responses of respondents using each
(2) It is easy to find your way around this
park.
park/garden
(3) It is easy to see how things are organised in
this park/garden
2.4 Perceived restorativeness component ‘compatibility’
Response scale and stem question as for 2.1
For each respondent, a mean score
above
across the three ‘compatibility’ items
was calculated. Then a park level
(1) You can do things you like at this park /
variable was created by averaging the
garden
responses of respondents using each
(2) You have a sense that you belong here?
park.
(3) You can find ways to enjoy yourself at this
park/garden
3. Likelihood of restoration
Response scale as for 2.1 above

Respondent level variable was raw
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To measure the ‘legibility’ component of Perceived
Restorativeness, three items were selected and
modified from the Perceived Restorativeness Scale
(see 2.1 above). For example: “I could easily form a
mental map of this place” was modified to “You
could easily form a mental map of this park / garden”.
= 5.85 (S.E. ± 0.06, range 4.87 – 6.31
To measure the ‘compatibility’ component of
Perceived Restorativeness, three items were selected
and modified from the Perceived Restorativeness
Scale (see 2.1 above). For example: “I can do things
I like here” was modified to “You can do things you
like at this park/garden”.
= 5.52 (S.E. ± 0.05, range 4.74 – 5.96)

The measure used by Nordh et al. (2009) was adapted

If you were mentally tired, you would be able
to rest and recover your ability to focus in this
park / garden?

score on response scale 2.1, which
could range from 1 – 7. A park level
variable was created by averaging the
responses of respondents using each
park.

to quantify perceived likelihood of restoration from a
park visit. Modifications as per 2.1 above.
= 5.31 (S.E. ± 0.07, range 4.67 – 5.93)

4.1 Place attachment dimension ‘identity’
Response scale and stem question as for 2.1
above
--------------------------------------------------(1) This park / garden is very special to you
(2) You identify strongly with this park /
garden
(3) You are very attached to this park / garden
(4) This park / garden means a lot to you

For each respondent, a mean score
across the four ‘identity’ items was
calculated. Then a park level variable
was created by averaging the
responses of respondents using each
park.

Place attachment (a positive connection or emotional
bond between a person and a place) is constructed by
Williams and Vaske (2003) as a single general
construct consisting of two distinct dimensions: place
identity and place dependence. Williams and Vaske
(2003) suggested that place bonds can be identified
and measured, and that people can develop different
levels and forms of attachment to different places,
including natural landscapes such as parks. To
measure the ‘identity’ and ‘dependence’ dimensions,
four items were selected from Williams and Vaske
(2003) to represent each dimension. I selected items
that had previously loaded highly (i.e., > .6) in an
Australian study by Raymond et al. (2010) because I
considered the language of these questions might be
most appropriate for Australian park users. Place
identify and Place dependence items were presented
in alternating order. Modifications as per 2.1 above.
= 4.35 (S.E. ± 0.08, range 2.93 – 4.89)

For each respondent, a mean score
across the four ‘dependence’ items
was calculated. Then a park level
variable was created by averaging the
responses of respondents using each
park.

See 4.1 above
= 3.52 (S.E. ± 0.08, range 2.4 – 4.28)

4.2 Place attachment dimension ‘dependence’
Response scale and stem question as for 2.1
above
--------------------------------------------------(1) This park / garden is the best place for
what you like to do
(2) No other place can compare to this park /
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garden
(3) Doing what you do at this park / garden is
more important to you than doing it at any
other place
(4) You wouldn’t substitute any other area for
the types of things you do at this park / garden
5. Preference affect
Response scale and stem question as for 2.1
above
--------------------------------------------------You like this park / garden?

Respondent level variable was the raw
score on response scale 2.1, which
could range from 1 – 7. A park level
variable was created by averaging the
responses of respondents using each
park.

To measure level of liking for a park (i.e., preference
affect), I used the single item measure from Nordh et
al. (2009), with modifications as per 2.1 above. A
detailed review of preference affect is provided in
Chapter 5.
= 6.01 (S.E. ± 0.06, range 5.23 – 6.48)

6. Place affect components ‘exciting’, ‘gloomy’, ‘distressing’ and ‘relaxing’
Respondents were asked the stem question:
For each respondent, a mean score
How strongly do you agree or disagree the
across the three ‘distressing’ items was
word ‘x’ accurately describes this park /
calculated. A park level ‘distressing’
garden? Response scale as for 2.1 above.
variable was then calculated by
averaging the mean respondent level
Distressing items:
Exciting items:
scores of responses using each park.
This procedure was repeated for
(i) tense
(i) stimulating
‘exciting’, ‘gloomy’, and ‘relaxing’
(ii) hectic
(ii) exciting
items to create respondent and park
(iii) rushed
(iii) interesting
level means.
Gloomy items:
Relaxing items:
(i) dull
(i) serene
(ii) monotonous
(ii) peaceful
(iii) boring
(iii) calm

Russell and Pratt’s Scales of Affective Quality
Attributed to Place (SAQAP; 1980) was used to
measure how park users felt about parks (i.e., ‘Place
affect’). Place affect is defined as the affective quality
that people verbally attribute to parks, and is
conceptualised as a two-dimensional bipolar space
consisting of eight variables that fall in a circular
order. A detailed review of place affect is provided in
Chapter 5 (Russell and Pratt, 1980). The ‘exciting’,
‘gloomy’, ‘distressing’ and ‘relaxing’ scales were
selected given Hull and Harvey (1989) suggested
some arousal items (e.g. ‘alive’) were unsuitable for
park setting.
Distressing
= 2.33 (S.E. ±
0.07, range 1.55 –
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Exciting
= 4.61 (S.E. ±
0.08, range 3.85 –

2.99)
Gloomy
= 2.68 (S.E. ±
0.09, range 1.79 –
3.47)

5.68)
Relaxing
= 5.38 (S.E. ±
0.10, 4.2 – 6.32)

Category B: subjective wellbeing variables
Variables

Satisfaction with life

Negative affect - past
month

Description, sampling methods, survey items, data cleaning, data transformations and
variable calculation.
To measure life satisfaction (a component of subjective wellbeing) I used the verbal format
of the eight item Personal Wellbeing Index (PWI; International Wellbeing Group, 2013)
that taps global life satisfaction across seven life domains, with a response to domain eight
being optional (spirituality/religion). The stem question asked and domains included: how
satisfied are you with… (i) your standard of living, (ii) your health, (iii) what you are
achieving in life, (iv) your personal relationships, (v) how safe you feel, (vi) feeling part of
your community, (vii) your future security, (viii) your spirituality or religion (optional). An
11 point response scale was used whereby 0 = completely dissatisfied and 10 = completely
satisfied. Thirteen respondents who reported consistently maximum (n = 12) and minimum
(n = 1) scores on all domains were removed prior to data analysis (International Wellbeing
Group, 2013). For each respondent, a mean score across these 7-8 life domains was
calculated and then converted to a point scale by shifting the decimal point to the right. For
example, a mean score of 7.1 became a point score of 71. Mean ‘park level’ (n = 30) PWI
was then calculated by averaging the PWI point score of all respondents using a park (n =
30 parks).
To measure positive affect and negative affect (two independent components of subjective
well-being), I used the 10 item International Positive and Negative affect Schedule Short
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‘Park level’ (n = 30)
data range (R),
mean (
S.E.)

R = 66.76 – 81.26,
= 75.68 (± 0.60)

R = 1.90 – 2.57,
= 2.18 (± 0.03)

Form (I-PANAS-SF; Thompson et al., 2007). This scale measures high activated, positive
and negative affect. I modified the stem question to tap (state) levels of positive and
negative affect experienced over the past month. The stem question asked was thinking
about yourself and how you normally feel, to what extent have you felt over the past month
[n = 10 affect items]. Five items measured positive affect and five items measured negative
affect. Negative affect items included: upset, hostile, ashamed, nervous, and afraid. The
response scale used and subsequent variable coding was: 1 = never, 2 = rarely, 3 =
sometimes, 4 = very often, 5 = always. Mean ‘respondent level negative affect’ was
calculated for each respondent across the five items measuring each dimension of affect.
Mean ‘park level negative affect’ was then calculated by averaging the mean negative affect
score of all respondents using a park (n = 30 parks).
I-PANAS-SF (Thompson, 2007); response scale, stem question and variable calculation as
R = 3.47 – 3.90,
Positive affect - past
per (Negative affect – past month) above. Five positive affect items included: alert,
month
= 3.69 (± 0.02)
inspired, determined, attentive, and active.
Category C: park use variables
‘Park level’ (n = 30)
Description, sampling methods, survey items, data cleaning, data transformations and
data range (R),
Variables
variable calculation.
mean (
S.E.)
Continuous variable. Recorded in minutes. Survey question: how long have you been in the
R = 14.02 – 50.93,
Duration of park use
park/garden today? Park level mean was calculated by averaging the duration of park use
(actual time)
= 24.43 (± 1.40)
across respondents using each park.
Continuous variable. Recorded in minutes. Survey question: how long do you intend to stay
R = 34.38 – 110.93,
Duration of park use
in the park/garden today all up? Park level mean was calculated by averaging the duration
(intended time)
= 54.49 (± 2.78)
of park use across respondents using each park.
Categorical variable. Survey question: how often do you usually visit this park/garden?
Response scale used and subsequent variable coding was: 0 = ‘infrequent / don’t know’, 1 =
R = 1.71 – 4.72,
‘first time / rarely’, 2 = ‘monthly’, 3 = ‘a couple of times a month’, 4 = ‘once a week’, 5 =
Frequency of park use
‘a few times a week’, 6 = daily. Respondents who used parks infrequently / didn’t know
= 3.57 (± 0.16)
were discarded from analysis (see methods, Chapter 4). The park level mean was calculated
by averaging frequency of park use scores across respondents using each park
R = 1.17 – 2.85,
Distance travelled to use
Categorical variable. Measured in kilometres. Survey question: how far have you travelled
the park
to be at this park / garden today? Response scale used and subsequent variable coding was:
= 1.69 (± 0.08)
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Social type of visit (alone)

Motivation for park use

1 = < 2 km, 2 = 2 – 5 km, 3 = 6 – 10 km, 4 = 11 – 20 km, 5 = > 20 km. The park level mean
was calculated by averaging the distance travelled across the respondents using each park.
Categorical variable. Survey question: which category best describes the social nature of
your visit to the park/garden today? Response categories were coded as follows: 0 = with
company (i.e., another adult, child and/or dog), 1 = alone. The proportion of respondents
interviewed in each park that visited alone was calculated to create the park level variable
‘alone’.
Motivation for park use was assessed across four broad categories of park use which were
of interest to this study – adapted from a study investigating the motives of Dutch park
users (Chiesura, 2004). Because park users may be motivated to use parks for reasons not
covered by these categories (Swanwick, 2003; Schipperijn et al., 2010), or motivated to use
parks across multiple categories, responses were sought using a seven point Likert scale
with level of agreement recorded against all motivation categories. The stem question asked
was please indicate how strongly you agree with each of the following categories
describing why you came to the park/garden today? Response scale used and subsequent
variable coding was: 1 = strongly disagree, 2 = disagree, 3 = disagree somewhat, 4 =
neutral, 5 = agree somewhat, 6 = agree, 7 = strongly agree. Mean level of agreement with
each motivation category for park use was calculated across the respondents using each
park (i.e., park level mean).

Physical exercise

Survey question: You came to the park today… for physical exercise?

Get back to nature

Survey question: You came to the park today… to get back to nature?

Peace and tranquillity

Survey question: You came to the park today… for peace and tranquillity?

Socialise

Survey question: You came to the park today… to socialise?

R = 0.03 – 0.86,
= 0.32 (± 0.05)

R = 1.83 – 4.64,
= 3.34 (± 0.13)
R = 3.48 – 5.35,
= 4.29 (± 0.10)
R = 3.90 – 6.07,
= 5.04 (± 0.10)
R = 2.66 – 5.19,
= 3.87 (± 0.12)

Category D: socio-demographic variables
Variables

Description, sampling methods, survey items, data cleaning, data transformations and
variable calculation.

Ethnicity (English-

Binary variable. Measured using the stem question is English your primary language
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‘Park level’ (n = 30)
data range (R),
mean (
S.E.)
R = 0.38 – 1.00,

speaking)

Respondent age

Relationship status
(Married / de facto)

Gender (Male)

Education level
(Bachelor)

Household income

spoken at home? The response scale used and subsequent variable coding was 0 = no, 1 =
yes. The proportion of respondents using each park whose language spoken at home was
English was then calculated across each park to create a continuous ‘park level’ (n = 30)
ethnicity variable.
Categorical variable. Measured in years using the stem question: do you mind if I record
your age? The response scale used and subsequent variable coding was: 1 = 18 – 24, 2 = 25
– 34, 3 = 35 – 44, 4 = 45 – 54, 5 = 55 – 64, 6 = 65 – 74, 7 = > 75. The mean age of
respondents using each park was then calculated, forming a continuous ‘park level’ age
variable.
Measured using the stem question what is your relationship status? Survey categories
included 1 = married / de facto (living together), 2 = dating, 3 = single / separated /
divorced / widowed. Responses were merged to create a binary variable whereby 0 =
dating/single/separated/divorced/widowed, and 1 = married / de facto. I then calculated the
proportion of park users that were married / de facto across each park site, forming a
continuous ‘park level’ marital status variable.
Binary variable. Measured using the stem question: do you mind if I record your gender as
female/male? Categories included: 0 = female, 1 = male. The proportion of respondents
interviewed in each park who were male was then calculated to create a continuous ‘park
level’ gender (male) variable.
Categorical variable. Measured using the stem question What is your highest level of formal
education? Survey categories included: 1= year 11 or below, 2 = year 12, 3 = TAFE /
College Diploma, 4 = Bachelor Degree, 5 = Graduate certificate or diploma, 6 = Post
Graduate Degree. Responses were merged to create a binary variable whereby (0) = TAFE /
College Diploma or below, and (1) = Bachelor Degree or higher. I then calculated the
proportion of park users that had a bachelor degree or higher across each park site, creating
a ‘park level’ education variable.
Continuous variable derived from the survey question: Can I please have your postcode?
Postcode area was geographically defined using Australian Bureau of Statistics 2011
Census QuickStats* (ABS, 2016). The mean postcode income of each respondent was then
derived from Australian Bureau of Statistics 2011 Census QuickStats* data (ABS, 2016).
To create a ‘park level’ household income variable, the mean postcode income of all
respondents using each park was calculated.
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= 0.84 (± 0.03)

R = 1.82 – 4.43,
= 3.05 (± 0.10)

R = 0.27 – 0.97,
= 0.65 (± 0.03)

R = 0.25 – 0.70,
= 0.44 (± 0.02)

R = 0.35 – 0.80,
= 0.61 (± 0.02)

R = 1267.93 –
2444.07,
= 1809.30 (±
49.25)

Continuous variable derived from the survey question: Can I please have your postcode?
Postcode area was geographically defined using Australian Bureau of Statistics 2011
Census QuickStats* (ABS, 2016). Distance was then calculated from the central point of
the respondents postcode area to the central reference point chosen for Sydney CBD
Household distance from
(Sydney Tower Eye; -33.87; 151.21) using the SIX Maps⸙ distance tool. Unit used was
the CBD
kilometres (km). Respondents with postcodes outside of the Greater Capital City Statistical
Area for Sydney were excluded from analysis (see Appendix C.6). To create a ‘park level
household distance from the CBD variable’, the mean distance of respondents interviewed
in each park was calculated.
Category E: perceptions of nature variables ^
Variables

Perceived bird species
richness

Perceived plant species
richness

Species differentiation
skills

Description, sampling methods, survey items, data cleaning, data transformations and
variable calculation.
Measure was adapted from Dallimer et al. (2012) and Fuller et al. (2007). Respondents
were asked the stem question: How many different species of birds do you think there are in
this park today? Four point response scale: 1 = < 5 bird species, 2 = 5 – 12 bird species, 3 =
13 – 30 bird species, 4 = > 30 bird species. A respondent level ordinal variable was created
using the raw perceived bird species richness categories 1 – 4. A park level mean was
calculated by averaging the responses of respondents using each park.
Measure was adapted from Dallimer et al. (2012) and Fuller et al. (2007). See chapter x for
more details. Respondents were asked the stem question: How many different species of
plants do you think there are in this park today? Four point response scale: 1 = < 20 plant
species, 2 = 20 – 100 plant species, 3 = 101 – 300 plant species, 4 = > 300 plant species. A
respondent level ordinal variable was created using the raw perceived plant species richness
categories 1 – 4. A park level mean was calculated by averaging the responses of
respondents using each park.
Respondent level raw score of correctly differentiated bird pairs (out of eight) was
calculated. Don’t know/unsure answers were classified as wrong. Park level mean was
calculated by averaging the raw score of respondents using each park.
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R = 4.64 – 21.85,
= 10.88 (± 0.86)

‘Park level’ (n = 30)
data range (R),
mean (
S.E.)
R = 1.26 – 2.65,
= 1.98 (± 0.06)

R = 1.37 – 3.13,
= 2.25 (± 0.07)

R = 4.95 – 6.09
= 5.44 (± 0.06)

Category F: park ecology variables
Variables
Sample plant species
richness #
Turf cover #

Canopy cover #
Plant abundance #

Structural heterogeneity #

Flower cover #
Plant nativeness #
Sample bird species
richness #
Pesty bird species
richness #

Description, sampling methods, survey items, data cleaning, data transformations and
variable calculation.
All woody plants identified across 14 x 10m2 quadrats and all herbaceous plant species
identified across 24 x 1m2 quadrats were summed.
The percent of each 10m2 quadrat (n = 14) that was covered by mown turf was estimated
ocularly and confirmed by two researchers. Percent turf cover across the 14 quadrats of
each park were then averaged to form a park level percent turf cover variable.
The number of canopy ‘hits’ on a cross hatched mirror of a densitometer was counted at 2
metre intervals along a 50 metre transect (3 x 50 metre transects per park). Maximum yield
was 37 hits. The number of hits was summed then averaged across the three transects and
converted to a percentage.
Number of woody plant organisms (> 10cm in height) counted across 14 x 10m2 quadrats.
An A3 sized matrix was held by one researcher and another researcher counted the number
of cells obstructed by vegetation (i.e., ‘hits’) while standing 2 metres away on a transect (3
x 50 metre transects per park). A ‘hit’ was any part of a plant that obstructed one of 10 cells
within the A3 matrix (i.e., maximum yield of 10 ‘hits’ per observation). At each 2 metre
interval along the transect, seven recordings were taken at 30cm intervals between the
height ranges 0 – 210 cm. Vegetation > 210 cm was classified as canopy cover. The
number of hits was summed then averaged across the three transects and converted to a
percentage.
The total number of woody plant organisms (summed across 14 x 10m2 quadrats) that had
flowers present.
Each plant species was classified as either native or non-native to continental Australia.
‘Plant nativeness’ represented the percentage of plant species identified in each park that
were classified as native to continental Australia.
The total number of bird species identified during 3 x 5 minute point counts and a timed
active area search (10 – 25 minutes) of each park.
The percent of bird species identified in each park that were classified as ‘pesty species’
was calculated from total bird species counts per park. For example, a park with six bird
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‘Park level’ (n = 30)
data range (R),
mean (
S.E.)
R = 3.00 – 115.00,
= 28.73 (± 4.99)
R = 0.05 – 99.50,
= 65.36 (± 5.56)
R = 10.09 – 97.91,
= 56.16 (± 4.73)
R = 9.00 – 407.00
= 130.97 (± 23.61)

R = 0.05 – 37.54,
= 7.01 (± 1.92)

R = 0.00 – 23.00,
= 6.20 (± 1.33)
R = 14.29 – 100.00,
= 57.18 (± 4.61)
R = 3.00 – 15.00,
= 6.83 (± 0.48)
R = 0.00 – 100.00,
= 31.89 (± 3.87)

species, three of which were pesty species, was assigned a pesty bird species richness of
50%. Pesty species (n = 6) included the Silver Gull (Chroicocephalus novaehollandiae),
Australian White Ibis (Threskiornis molucca), Noisy Miner (Manorina melanocephala),
Common Myna (Sturnus tristis), Australian Raven (Corvus coronoides), and Rock Dove
(Columba livia).
SIX Maps⸙ distance calculator tool (ortho-corrected aerial mapping) was used to calculate
Park distance from the
R = 0.54 – 21.40,
the distance in kilometres (km) from the central point of each park to the central reference
△
CBD
= 8.16 (± 1.06)
point chosen for Sydney CBD (i.e., Sydney Tower Eye; -33.87; 151.21).
⸙
SIX Maps orthocorrected aerial photographs were used to calculate all greenspace (e.g.
UGS surrounding each
R = 12.14 – 65.13,
public parks, domestic gardens, nature strips, street trees, institutional gardens etc.) within a
△
park
= 38.66 (± 2.76)
1 kilometre radius of each park using ArcGIS.
SIX Maps⸙ area calculator tool (orthocorrected aerial mapping) was used to calculate the
R = 0.57 – 4.50,
△
area of each park in hectares (ha), which was checked with council park masterplans and
Park size
= 2.07 (± 0.18)
ground truthing.
3 x 5 minute point counts. Continuous variable. After correcting for detectability (See
R = 19.49 – 353.47
Bird abundance #
chapter 3), variable represents the number of individual bird organisms in each park.
= 5.44 (± 13.59)
Notes: * see link to ABS QuickStats website http://www.abs.gov.au/websitedbs/censushome.nsf/home/quickstats ⸙ see link to SIX Maps (orthocorrected aerial photography) provided by the NSW Government, Land and Property Information https://maps.six.nsw.gov.au/ ^ data collected
using the park user survey, # data collected using ecological field surveys, △data collected using a desktop ecological study. UGS = urban
greenspace. CBD = central business district.
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C.5: Psychometric analysis
I selected a pool of survey items from previously developed scales designed to measure a
range of constructs of interest to this study (See C.4 above). All items were assessed for
reliability and validity to analyse their performance and appropriateness for inclusion within a
scale, or in the case of single item measures to determine which factors they loaded onto. All
Cronbach’s alphas were acceptable, ranging between 0.61 – 0.92 (Table C.5.1), with no
evidence to suggest removal of any item would have improved the overall validly of any
construct. Therefore all scale items were retained for analysis.
I also utilise a species differentiation task to provide participants’ ability to accurately
identify separate bird species. To ensure that the species were relevant to the Australian
context and able to be administered in park settings quickly and easily, the task was
developed specifically for my thesis. Detailed information on why and how the test was
devised, pre‐tested and performed in differentiating between participants (i.e., its reliability
and validity) is provided below.
Category A variables – psychological outcomes of park use
Exploratory factor analysis was conducted using (i) principal components analysis for the
Place affect components exciting, distressing, gloomy and relaxing affect and preference
affect, and (ii) principal axis factoring for the perceived restorativeness scale, place
attachment tool and the single item measures perceived likelihood of restoration, preference
affect and connection to nature. Affect items were assessed separately to evaluate Russell and
Pratt’s (1980) conceptualisation of affective meaning as a two dimensional bipolar space with
circular ordering as follows: pleasant (i.e., like/dislike affect) 0⁰, exciting 45⁰, distressing
135⁰, gloomy 225⁰, relaxing 315⁰; or two orthogonal bipolar dimensions of exciting-gloomy
and distressing-relaxing. Hence, I included Preference affect (i.e., valence dimension of
emotion) because Russell and Pratt (1980) construct pleasant affect as 45⁰ from relaxing
affect and 45⁰ from exciting affect (C.5.2 and C.5.3).
I used a principal component analysis (Varimax rotation with Kaiser Normalisation –
A.5.2) set to extract two factors to investigate the affect items as conceptualised by Russell
and Pratt (1980). Eigenvalues >1 and the scree plot suggested three factors. The total variance
explained by these two factors was 54.58 (the third omitted factor explained an additional
9.68%). The Bartlett's Test of Sphericity was significant ( = 4527.54, p < 0.001) and the
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Kaiser-Meyer-Olkin Measure of Sampling Adequacy was 0.89, above the commonly
recommended value of 0.60. All items had primary loadings > 0.60 (except the gloomy affect
item ‘monotonous’ which loaded around 0.50). Factor one contained the ‘exciting’ and
‘gloomy’ affect items (i.e., ‘exciting-gloomy’ bipolar axis). Factor two contained the
‘distressing’ and ‘relaxing’ affect items (i.e., ‘distressing-relaxing’ bipolar axis). Preference
affect loaded primarily onto factor one (> 0.60) and cross loaded negatively onto factor two (0.34). Overall, all items loaded as expected given Russell and Pratt’s (1980)
conceptualisation of affective meaning and there was further support from the component
plot in rotated space (see C.5.3) that preference affect was located between exciting and
relaxing affect.
The exploratory factor analysis using principal axis factoring (C.5.4) showed most
items loaded as expected. Items from the Perceived Restorativeness Scale components ‘being
away’, ‘fascination’ and ‘legibility’ loaded onto separate factors (> 0.50). Of note, there was
some variability in the survey items measuring the Perceived Restorativeness component
‘compatibility’. However, I proceeded to analyse this component using all scale items given
their adequate combined Cronbach’s . Future research looking at ways to measure
compatibility in urban parks might involve changing the wording of ‘compatibility’ item 2
that included the word “belong”: people might find this concept difficult and therefore be
unsure how to answer. Unlike Williams and Vaske (2003), my factor analysis did not support
the interpretation of ‘place identity’ and ‘place dependence’ as distinct dimensions of a larger
place attachment construct given all items loaded between 0.54 – 0.90 on a single factor. The
single item measures loaded as follows: likelihood of restoration at 0.51 with the being away
items; connection to nature at 0.30 with the fascination items; and, Preference Affect loaded
weakly < 0.30 on multiple factors, suggesting some ambiguity (C.5.4) and better
conceptualisation of this item with the affect items (C.5.2).
Category B variables – subjective wellbeing
An exploratory factor analysis using principal axis factoring showed subjective wellbeing
items loaded primarily onto three separate factors, as expected (C.5.5). Items from the
International Positive and Negative Affect Schedule - Short Form (I-PANAS-SF; Thompson
et al., 2007) loaded onto separate factors (> 0.43), supporting the interpretation of ‘negative
affect’ and ‘positive affect’ as distinct dimensions of a larger affect construct. Items from the
Personal Wellbeing Index (PWI; International wellbeing Group, 2013) constituting life
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satisfaction loaded onto a third factor (> 0.42). Of note, there was some evidence of a fourth
factor relating to spirituality/religion/inspiration (n = 2 items), however loadings were ≤ 0.36.
(C.5.5).
C.5.1: Cronbach’s alpha across constructs measured with multiple survey items.
Component / dimension
Number of items
Cronbach’s 
Perceived restorativeness scale (adapted from Hartig et al., 1997)
being away
3
0.74
compatibility
3
0.64
legibility
3
0.61
Fascination
3
0.80
being away + compatibility +
12
0.81
legibility + fascination
Place attachment (adapted from Williams and Vaske, 2003)
identity
4
0.92
dependence
4
0.84
identity + dependence
8
0.93
Scales of affective quality attributed to place (adapted from Russell and Pratt, 1980)
Gloomy
3
0.78
Distressing
3
0.71
Relaxing
3
0.87
Exciting
3
0.76
gloomy + distressing
6
0.82
relaxing + exciting
6
0.78
International Positive and Negative Affect Schedule – Short Form (I-PANAS-SF;
Thompson et al., 2007)
negative affect (past month)
5
0.74
positive affect (past month)
5
0.65
Personal Wellbeing Index (PWI; International Wellbeing Group, 2013)
Satisfaction with life
8
0.83
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C.5.2: Factor loadings based on a Principal Component Analysis (rotation method Varimax
with Kaiser Normalisation) for 12 items from the Scales of affective quality attributed to
parks (i.e., place affect components gloomy, exciting, distressing, and relaxing) and the
single item measure Preference affect.
Factor

Survey items
Place affect - Exciting 1: stimulating
Place affect - Exciting 2: interesting
Place affect - Exciting 3: exciting
Place affect - Distressing 1: tense
Place affect - Distressing 2: hectic
Place affect - Distressing 3: rushed
Place affect - Gloomy 1: dull
Place affect - Gloomy 2: boring
Place affect - Gloomy 3: monotonous
Place affect - Relaxing 1: serene
Place affect - Relaxing 2: calm
Place affect - Relaxing 3: Peaceful
Preference affect - You like this park / garden
Factor loadings < .25 are suppressed. Leading zeros omitted.
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1
.730
.803
.781

-.604
-.718
-.495
.384
.396
.421
.604

2

.663
.758
.732
.399
.320
.335
-.611
-.652
-.658
-.343

C.5.3: Component plot in rotated space from the Principal Component Analysis (rotation
method Varimax with Kaiser Normalisation) for 12 items from the Scales of affective quality
attributed to parks (i.e., place affect components‘gloomy’, ‘exciting’, ‘distressing’, and
‘relaxing’) and the single item measure Preference affect.
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C.5.4: Factor loadings based on a Principal Axis Factoring with oblimin rotation for 12 items from the Perceived Restorativeness Scale (being away,
fascination, legibility, compatibility), eight items from the Place Attachment Scale (place identity, place dependence), and three single items measures:
Interconnectedness with nature Scale (INS), Likelihood of Restoration and Preference Affect.
Factor
Survey items
1
2
3
4
Being away 1 - Being at this park/garden is an escape experience
.604
Being away 2 - Spending time at this park/garden gives you a break from your day-to-day routine
.734
Being away 3 - This park/garden is a place to get away from it all
.781
Fascination 1 - This park/garden has fascinating qualities
.692
Fascination 2 - Your attention is drawn to many interesting things at this park/garden
.643
Fascination 3 - There is much to explore and discover in this park/garden
.773
Legibility 1 - You could easily form a mental map of this place
.523
Legibility 2 - It is easy to find your way around this park/garden
.678
Legibility 3 - It is easy to see how things are organised in this park/garden
.519
Compatibility 1 - You can do things you like here
.260
.342
Compatibility 2 - You have a sense that you belong here
.418
Compatibility 3 - You can find ways to enjoy yourself at this park/garden
.321
.397
Identity 1 - This park/garden is very special to you
.704
Identity 2 - You identify strongly with this park/garden
.729
Identity 3 - You are very attached to this park/garden
.895
Identity 4 - This park/garden means a lot to you
.811
Dependence 1 - This park/garden is the best place for what you like to do
.537
Dependence 2 - No other place can compare to this park/garden
.716
Dependence 3 - Doing what you do at this park/garden is more important to you than doing it at any other place
.765
Dependence 4 - You wouldn't substitute any other area for the types of things you do at this park/garden
.711
Likelihood of restoration - if you were mentally tired you would be able to rest and recover your ability to focus in
.514
this park/garden
Interconnectedness with nature scale (INS) - how interconnected with nature are you, right now
.303
Preference affect - You like this park/garden
.255
.253
Note: Factor loadings < .25 are suppressed. Leading zeros omitted.
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C.5.5: Factor loadings based on a Principal Axis Factoring with oblimin rotation for ten items from the International Positive and Negative
Affect Schedule - Short Form (I-PANAS-SF; Thompson et al., 2007), and eight Items from the Personal Wellbeing Index (PWI; International
Wellbeing Group, 2013).
Factor
Survey items
1
2
3
4
PWI 1: How satisfied are you with your future security?
.728
PWI 2: How satisfied are you with your standard of living?
.697
PWI 3: How satisfied are you with how safe you feel?
.666
PWI 4: How satisfied are you with your personal relationships?
.659
PWI 5: How satisfied are you with feeling part of your community?
.612
PWI 6: How satisfied are you with what you are achieving in life?
.568
PWI 7: How satisfied are you with your health?
.457
PWI 8: How satisfied are you with your spirituality / religion?
.416
.354
I-PANAS-SF: Negative affect 1 – to what extent have you felt over the past month…nervous?
.708
I-PANAS-SF: Negative affect 2 – to what extent have you felt over the past month…afraid?
.699
I-PANAS-SF: Negative affect 3 – to what extent have you felt over the past month…upset?
.615
I-PANAS-SF: Negative affect 4 – to what extent have you felt over the past month…hostile?
.471
I-PANAS-SF: Negative affect 5 – to what extent have you felt over the past month…ashamed?
.469
I-PANAS-SF: Positive affect 1 – to what extent have you felt over the past month…determined?
-.595
I-PANAS-SF: Positive affect 2 – to what extent have you felt over the past month…attentive?
-.556
I-PANAS-SF: Positive affect 3 – to what extent have you felt over the past month…active?
-.527
I-PANAS-SF: Positive affect 4 – to what extent have you felt over the past month…alert?
-.474
I-PANAS-SF: Positive affect 5 – to what extent have you felt over the past month…inspired?
-.425
.295
Note: Factor loadings < .25 are suppressed. Leading zeros omitted.
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Category E variable – Species differentiation task
Justification for development of the new ‘species differentiation skills’ task
Ecoliteracy is defined as “a cumulative knowledge base that describes local ecosystem
components and their interactions most commonly derived from a pool of accumulated
observations” (Pilgrim et al., 2007, pg. 1742). Individuals who are ‘ecoliterate’ are able to
identify local plants and animals (Pilgrim et al., 2007). Understanding individual factors that
drive ecoliteracy has implications for local resource management (Pilgrim et al., 2007).
However a person’s level of ecoliteracy (which has previously been measured in terms of an
individual’s ability to correctly name a species; i.e., species identification skills) may also
drive perceived levels of species diversity when people visit urban parks (Dallimer et al.,
2012), the latter of which has been positively associated with constructs measuring beneficial
aspects of park users psychological wellbeing (e.g. Fuller et al., 2007; Dallimer et al., 2012).
Therefore, it is important to understand factors that drive ecoliteracy, and the role that
ecoliteracy (i.e., knowledge about species) may play in driving broader perceptions of species
diversity in a given environment.
Species identification skills are a useful indicator of the concept of ecoliteracy, but
other indicators may be more relevant to understanding a person’s knowledge about species.
A person’s ability to correctly name a species is perhaps of less relevance to understanding
and predicting a person’s perceived level of species diversity in a given environment (e.g. an
urban park), compared to their ability to correctly differentiate between two specimens as
belonging to either the same or a different species (as taxonomically defined). One reason for
this (using birds as an example) is that a person might perceive a Rainbow Lorikeet as being
a different species to an Eastern Rosella (see C.5.6, pair 1), irrespective of whether or not
they are able to correctly name one or either specimens by citing an accurate common or
scientific name (e.g. genus and species). Therefore respondents’ ability to correctly classify
‘organisms’ (i.e., individual animals or plants) as either the same or different species (i.e.,
species differentiation skills), may serve as a more useful indicator of the concept of
ecoliteracy than species identification skills, when positioning ecoliteracy as a factor that may
influence broader perceptions of park species diversity.
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Development of the ‘species differentiation skills’ task
When developing the species differentiation skills task, I opted to use birds as opposed to
plants. My justification for selecting birds was informed by Wandersee and Schussler’s
(1999) theory of ‘plant blindness’, which suggests that compared to plants, people tend to like
animals more, know more about animals, and may perceive vegetation merely as a
background to animal life. I anticipated that, by using birds as opposed to plants, there would
be (i) more variability across scale items (people know more about animals than plants), and
(ii) greater interest from respondents and potentially a higher response rate across items
(people like animals more than plants).
Bird species included in the photograph stimuli task were selected using BirdLife
Australia’s (www.birdlife.org.au) Birds in Backyards database (www.birdsinbackyards.net),
based on the criterion that species’ were commonly encountered in Sydney’s urban backyards
and parks. Photographs used for constructing bird pairs were selected from the internet
meeting the following criteria – similar size and posture of the birds, full body shots, and
nondescript backgrounds.
To develop this task, eight pairs of photographs (representing four of the same and
four different bird species) were selected based on intra and inter species similarities and
differences in morphological characteristics, and reviewed and confirmed as representative
by two researchers. Each pair shows an individual bird in each photograph (hereon referred to
as ‘bird pairs’). Each bird pair formed an individual scale item, resulting in an eight item
scale constituting the species differentiation skills task. Four bird pairs were individuals of
the same species (i.e., pairs two, four, five and six; C.5.7); constituting four species in total.
Four bird pairs were individuals of different species (i.e., pairs one, three, seven and eight;
C.5.6); constituting eight species in total. Hence, combined across all items, twelve bird
species were presented across the eight bird pairs.
Underlying structure of the species differentiation skills task
The underlying structure of the species differentiation skills task is based on similarities
and/or differences in morphological characteristics within and between species (i.e., intraspecies versus inter-species, respectively). Morphological similarities and/or differences
across bird pairs included: (i) plumage colour, (ii) plumage markings, (iii) eye, beak and feet
colour, and/or (iv) other distinctive features (e.g. presence or absence of crest feathers).
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Different species bird pairs (n = 4 items)
Pairs one, three, seven and eight represent different bird species.
Pair one compares images of two birds from the ‘true’ Parrot family (i.e., Psittacidae)
classified as taxanomically different species: the Eastern Rosella versus the Rainbow lorikeet
(C.5.6). The images of birds display distinct differences in (i) plumage colour, (ii) plumage
markings, and (iii) beak and eye colour. However the birds display other similar
morphological features (e.g. body, tail and beak shape).
Pair three compares images of two birds classified as taxonomically different species:
the Noisy Miner (endemic) versus the Common Myna (introduced) (C.5.6). The birds display
distinct differences in plumage colour (i.e., Noisy Miner is predominantly light grey and
white with some brown and yellow markings, whereas the Common Myna is predominantly
black and brown with some white markings). Yet, the birds display other morphological
features that are similar, including (i) yellow colouring around the eyes, beaks and feet, and
(ii) body, beak and tail shape.
Pair seven compares images of two birds that belong to the ‘Dove’ or ‘Pigeon’ family
(i.e., Columbidae), which are classified as taxonomically different species: the Spotted Dove
versus the Crested Pigeon (C.5.6). The images of birds display similar morphological features
in terms of plumage colour (e.g. grey, black, brown and white), beak colour, and body shape.
However the birds display distinct differences in plumage markings and the presence/absence
of crest feathers. The Spotted Dove has white polka dots at the base of the neck and scalloped
wing markings, whereas the Crested Pidgeon has black stripes on the wings with bronzing.
Unlike the Spotted Dove, the Crested Pigeon has a distinctive morphological feature in the
form of a feathered, slender black spike on the top of the head.
Pair eight compares images of two birds classified as taxonomically different species:
the Sulphur-Crested Cockatoo versus the Galah (C.5.6). Both birds are ‘parrot species’
belonging to the Cacatuidae family and display some morphological similarities in terms of
body and beak shape. However, there are distinct morphological differences in plumage
colour and markings. The Sulphur Crested Cockatto has white body plumage and large
yellow crest feathers, whereas the Galah has pink under-body plumage, grey wings and small
light pink crest feathers.
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C.5.6: Bird pairs showing images of taxanomically different species
Pair 1

Different species

Common name: Eastern Rosella
Scientific name: Platycercus eximius

Common name: Rainbow Lorikeet
Scientific name: Trichoglossus
haematodus

Common name: Noisy Miner
Scientific name: Manorina melanocephala

Common name: Common Myna
Scientific name: Sturnus tristis

Pair 3
Different species

Pair 7
Different species

Common name: Spotted Dove
Scientific name: Streptopelia chinensis

Common name: Crested Pigeon
Scientific name: Ocyphaps lophotes

Pair 8

Different
species

Common name: Sulphur-crested
Cockatoo.
Scientific name: Cacatua galerita
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Common name: Galah
Scientific name: Eolophus roseicapillus

Same species bird pairs (n = 4 items)
Pairs two, four, five and six represent same bird species
Pair two shows images of the Pied Currawong (Strepera graculina) (C.5.7). Both
birds have (i) identical plumage colouring and markings (i.e., black plumage with some white
markings), (ii) identical beak, eye and feet colouring and shape, and (iii) similar body shape
and size.
Pair four shows images of Rock Doves, which are otherwise known as Feral Pigeons
(Columba livia) (C.5.7). The birds have a similar shape, but the images show two birds with
different intra-species plumage colour morphologies (i.e., ‘red’ versus ‘blue bar’).
Pair five shows images of the male versus the female Superb Fairy Wren (Malurus
cyaneus) (C.5.7). Sexual dimorphism between the male and female of this species results in
distinct differences in plumage parkings and colouring; but similar body shape and size. The
male exhibits distinctive blue and black plumage markings around the head and upper body
with a black beak and grey legs. Comparitively, the female has a more subtle grey and brown
plumage, and orange colouring around the beak, eye and feet.
Pair six compares images of the Willie Wagtail (Rhipidura leucophrys) (C.5.7). The
images display birds with (i) identical plumage colouring and markings (i.e., black head,
back, wing and tail plumage and white belly plumage), (ii) identical beak, eye and feet
colouring and shape, and (iii) similar body shape and size.
Expected factors
Based on morphological similarities and/or differences across bird pairs as described above, I
expected the following four factors to be extracted from the species differentiation task:


Factor 1 – Inter-species differences: pairs one and eight. Each pair shows birds from
different species with distinctly different plumage colours and markings. (Note, pair
three has similar yellow eye, beak and feet colouring).



Factor 2 – Intra-species similarities: pairs two and six. Each pair shows birds of the
same species with similar plumage colour and markings, and similar eye, beak and
feet colours.
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Factor 3 – Inter-species similarities: pairs three and seven. Each pair shows birds
from different species with distinctive morphological differences (e.g. different
plumage colours in pair three and the presence/absence of a feathered crest in pair
seven). Yet these pairs also display some morphological similarities. Pair three birds
have similar yellow eye, beak and feet colouring. Pair seven birds have similar
plumage colours.



Factor 4 – Intra-species differences: Pairs four and five. Each pair shows birds of
the same species that have distinct differences in plumage colour and markings, as
well as beak and feet colouring.

Piloting the species differentiation skills task
The species differentiation skills task was piloted on n = 15 undergraduate science students
from Charles Sturt University, during a field trip to North Head National Park, Sydney,
Australia. Students self-completed the species differentiation task with no time limit imposed.
Each bird pair consisted of two colour images (each approximately 12 x 8 cm), presented on
a single A4 page as displayed in appendix C.3. Each participant reviewed each bird pair and,
using a written response to the following scale, indicated whether each bird pair was (i) the
same species, (ii) different species, or (iii) don’t know / unsure. Birds were presented in the
same order to all respondents. Results from the pilot are shown in C.5.8.
While no specific changes were made to the species differentiation task content,
important procedural information was determined as a result of the pilot process.
First, regarding task administration, it was important not to allow participants to share
information or discuss responses with one another, so as not to influence one another’s
response. This suggested that the task was best administered by the researcher, rather than
self-completed by the respondent, and that when interviewing park users visiting with another
adult or child, it would be important to ask respondents to step away from who they were
visiting a park with while answering the survey. Second, pilot respondents also expressed
interest in their results, and wanted to know their score / the correct answers. Therefore an
answer sheet detailing information on whether bird pairs were the same or different species
was developed. A copy was offered to each participant at the end of the complete interview,
which most participants accepted and appreciated.
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C.5.7: Bird pairs showing images of the same species
Pair 2
Same species

Common name: Pied Currawong
Scientific name: Strepera graculina

Pair 4
Same species

Common name: Rock Dove
Scientific name: Columba livia

Pair 5

Same species

Common name: Superb Fairy Wren
Scientific name: Malurus cyaneus

Pair 6
Same species

Common name: Willie Wagtail
Scientific name: Rhipidura leucophrys
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Percent of pilot respondents (n = 15)

Correct
100
90
80
70
60
50
40
30
20
10
0

100

Wrong

Don't know / unsure

93.33

93.33

86.67
66.67
46.67

Pair one

Pair two

Pair three Pair four

46.67

Pair five

46.67

Pair six

Pair seven Pair eight

C.5.8: pilot data of the species differentiation skills test on n = 15 undergraduate students.
Third, pilot respondents could complete the task within 5 minutes, indicating that it was a
feasible way of determining species differentiation skills of park users in a short time period.
Administration of the task did not take very long, suggesting low participant burden and that
the presentation method was effective. Finally, despite students having a science background,
many had difficulties getting an accurate result with half of the items, indicating that the
measure allowed variability. Pair one had a 100% correct rate (C.5.8), indicating a ceiling
effect for the item. Results across other items indicated no floor or ceiling effect (C.5.8). A
measure is usually designed to identify differences between individuals. Despite pilot results
indicating that 100% of people accurately differentiated pair one as different species, I
decided to retain this item as a comparison item for the other bird pair items. Pair one was
used as the base category in my logistic regression analysis (Chapter 4; Table 4.5). It was also
useful to have at least one item that park users were likely to get correct, considering I then
gave them their scores and answer sheet at the end of the test.
Psychometric analysis of species differentiation task across n = 808 park users
I performed an exploratory factor analysis of the species differentiation skills task (n = 8 bird
pairs) using principal axis factoring (varimax rotation with Kaiser Normalisation). The
Bartlett's Test of Sphericity was significant (ꭓ2 = 287.27, p < 0.001) and the Kaiser-MeyerOlkin Measure of Sampling Adequacy was .55 (slightly below the commonly recommended
value of 0.60). Eigenvalues > 1 suggested four factors which explained 62.5% of the total
variance. (Note, the scree plot suggested a potential fifth factor). The rotated factor matrix
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showed that, with the exception of pair three, all bird pairs loaded as expected onto four
factors (C.5.9). I had expected pair three to load onto Factor 3 (Inter-species similarities)
because the Native miner and Noisy miner had more subtle inter-species morphological
differences than the bird pairs grouped under Factor one (Inter-species differences).
However, pair three (different species) loaded with Factor one items (reflecting more distinct
inter-species morphological differences).
Limitations of the species differentiation task
Further psychometric evaluation was not undertaken during the preliminary development and
evaluation of this bird species differentiation task. For example, test reliability concerns
whether the results are consistent across items if used by the same or different people at
different time points. Test-retest reliability, although relevant, was not undertaken, however,
future work can examine this. Face validity was deemed sufficient for the task. Two
ecologists developed the task through careful selection of bird pairs based on agreed
morphological similarities / differences, as detailed across the anticipated factor structure.
Although pair three loaded somewhat unexpectedly, it remained consistent by loading with
other inter-species items. Despite some limitations, the pilot, task psychometrics and results
combined to indicate that the task was appropriate for use. Reliability and validity of this new
task cannot be established in a single study. Despite this new task being developed on
morphological differences and similarities within and between species (e.g. plumage colour
and markings), and piloted (with item variance established), this new measure warrants
further examination in order to establish strong reliability (e.g., test-retest reliability) and
validity (e.g., convergent or divergent validity).
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C.5.9: Principal Axis factoring with varimax rotation.
BIRD PAIR
1
Interspecies
differences

FACTOR LOADING
2
3
Intra-species
similarities

Interspecies
similarities

4
Intraspecies
differences

Pair 1:
.623

different
species
Pair 8:

.546

different
species
Pair 3:

.272

different
species
Pair 2:

.557
same
species
Pair 6:
.427
same
species
Pair 7:
.563
different
species
Pair 5:
same
species

.452

Pair 4:
.398

same
species
Note: Factor loadings < .25 are supressed. Leading zeros omitted.
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C.6: Greater Capital City Statistical Area of Sydney, as defined by the ABS (2012). Image
copyright of ABS (2012).
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C.7: Spearman correlation matrix and variable information across categories A - F
Data has been analysed at the ‘park level’ (n = 30 parks), in this correlation matrix (see C.4
for park level descriptive statistics; range, mean and SE).Variables presented in the
correlation matrix are organised into groups of measures (i.e., categories of variables) from A
– F.
See Appendix AA.3 for the positioning of the below variables within the Ostrom SocialEcological Systems Framework (Ostrom, 2009; McGinnis and Ostrom, 2014). Variables
listed in categories A – E below are micro-level Actor attributes characterising individual
park users (i.e., individual factors). Category F below contains variables characterising the
ecological attributes of parks (i.e., Resource System, Resource Unit and Related Ecosystem
variables).
A. Psychological outcome metrics
- INS = Inclusion of nature in self (i.e., connection to nature)
- AWAY = perceived restorativeness: being away
- FASC = perceived restorativeness: fascination
- LEG = perceived restorativeness: legibility
- COM = perceived restorativeness: compatibility
- PAID = place attachment: identity
- PAD = place attachment: dependence
- LREST = perceived likelihood of restoration
- PREF = preference affect (i.e., level of liking)
- PAEX = place affect: exciting
- PADIST = place affect: distressing
- PAGL = place affect: gloomy
- PAR = place affect: relaxing
B. Measures of broader subjective wellbeing (SWB)
- NA = negative affect
- PA = positive affect
- PWI = satisfaction with life
C. Measures of how respondents used parks
- A_TIME = duration of park use at time of interview (i.e., actual time)
- I_TIME = intended duration of park use on day of interview (i.e., intended time)
- FREQ = frequency of park use
- DIST = distance travelled to use park
- ALONE = respondents who did not visit with another adult, child or dog
- MOTP = motivation to use park for physical exercise
- MOTN = motivation to use park to get back to nature
- MOTT = motivation to use park for peace and tranquillity
- MOTS = motivation to use park to socialise
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D. Measures of socio-demographic characteristics of park users
- ENG = proportion of respondents whose primary language spoken at home was
English
- AGE = age of respondents
- MAR = proportion of respondents that were married / de facto
- MALE = proportion of park users of male gender
- BACH = proportion of park users with a Bachelor Degree or higher level of
education
- INCP = household income (calculated from postcode)
- PDCBD = household distance from the central business district (calculated from
postcode)
E. Measures of respondents perceptions of nature
- PBSR = perceived level of bird species richness
- PPSR = perceived level of plant species richness.
- SDS = species differentiation skills (raw score out of eight bird pairs)
F. Measures of park ecology derived from ecological sampling
- PSR = sample plant species richness
- BSR = sample bird species richness
- BAB = bird abundance
- SIZE = park size
- NAT = proportion of native plant species
- PESTY = proportion of bird species classified as pesty
- DCBD = park distance from the central business district
- UGS = amount of UGS surrounding each park
- TC = proportion of park covered in mown turf
- CC = percent canopy cover
- SH = structural heterogeneity (i.e., density) of vegetation
- FC = number of woody plants with flowers present
- PAB = plant abundance
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Spearman rank correlation coefficient between variables across categories A – F. Park level correlations are significant at the p-value of 0.05 when > ± 0.58 (Bonferroni
correction applied). Darker shading indicates significant positive correlations; lighter shading indicates significant negative correlations.
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C.8: Generalised linear modelling multivariate model construction for n = 8 psychological
outcome metrics.
Connection to nature
For connection to nature, the highest ranked univariate model (motivation to use the park to
get back to nature) was combined alternatively with the next two highest ranked ecological
predictors – pesty bird species richness and sample plant species richness. I then alternated
these two, n = 2 parameter multivariate models, with combinations of frequency of park use
and/or respondent age. Gender was not explored as a predictor variable across multivariate
models as a non-linear relationship with connection to nature was identified.
Being away
For being away, the highest ranked univariate model was perceived plant species richness.
Prior research has associated restorative experiences with visiting parks alone versus with
company, and type of activity undertaken (see Introduction, Chapter 4). Hence a range of
models were constructed with alternating combinations of perceived plant species richness,
social nature of visit (i.e., alone), motivation to use the park to get back to nature, respondent
age, gender and frequency of park use.
Fascination
For fascination, the univariate generalised model including the parameter perceived plant
species richness had strongest support. To build multivariate model combinations, I first
identified the two highest ranked, uncorrelated univariate combinations (i.e., perceived plant
species richness + turf cover; perceived bird species richness + sample plant species
richness). I then modelled alternating combinations of respondent age, gender, motivation to
use the park to get back to nature and frequency of park use, with (i) each of the four highest
ranked univariate model parameters, and (ii) each of the two uncorrelated multivariate
combinations.
Compatibility
For compatibility, bird abundance was the univariate model with the strongest support. To
build multivariate generalised linear models, I first combined the two highest ranked
predictors with bird abundance (i.e., bird abundance + pesty bird species richness; and, bird
abundance + perceived bird species richness). Social nature of visit (alone), intended duration
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of park use, and motivations to use the park to socialise and ‘for physical activity’, were n =
4 individual factors that showed relatively strong associations with compatibility in univariate
generalised linear modelling. Therefore, I first modelled each of these n = 4 individual
factors, age and gender, with bird abundance in n = 2 parameter multivariate models. I then
built n = 3 parameter combinations by modelled each of these n = 4 individual factors, age
and gender, separately with the following two, n = 2 parameter combinations: (i) bird
abundance + perceived bird species richness; and (ii) bird abundance + pesty bird species
richness.
Legibility
For legibility, plant abundance and sample plant species richness were the two ecological
variables with the strongest support from univariate generalised linear modelling. Owing to
highly correlated variables among the top ranked univariate models, frequency of park use,
motivation to use the park to get back to nature, ethnicity, age, gender were individual factors
selected to construct two and three predictor combinations with plant abundance and sample
plant species richness.
Likelihood of restoration
Motivations to use the park ‘for peace and tranquillity’ and ‘to get back to nature’ were the
two individual factors with the strongest support from univariate generalised linear modelling
in explaining likelihood of restoration. I first modelled motivation ‘to get back to nature’ in n
= 2 predictor variable combinations with the following variables: perceived plant species
richness, perceived bird species richness, plant abundance, turf cover, pesty bird species
richness, actual duration of park use, respondent age, gender and frequency of park use. I
then repeated this n = 2 variable combination, swapping motivation ‘to get back to nature’
with ‘for peace and tranquillity’. Next, I developed n = 3 predictor combinations by
combining motivation ‘for peace and tranquillity’ + perceived plant species richness, with (i)
frequency of park use, (ii) respondent age, (iii) gender, and (iv) actual duration of park use.
As a final step I repeated the n = 3 predictor combination as outlined above for motivation for
peace and tranquillity, but swapping motivation for ‘peace and tranquillity’ with ‘to get back
to nature’.
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Place identity
For place identity, bird abundance was the highest ranked univariate generalised linear
model, followed by a range of models consisting of individual factors characterising park
users. Therefore I modelled place identity against bird abundance and alternating
combinations of the following individual factors: social nature of visit (alone), motivations to
use the park to socialise and to get back to nature, perceived plant species richness,
frequency of park use, age and gender (also the ecological variable park distance from the
CBD).
Place dependence
For place dependence, two univariate models (pesty bird species richness, bird abundance)
had the strongest support. I first modelled place dependence against pesty bird species
richness + bird abundance. I then modelled place dependence against (i) bird abundance +
perceived plant species richness, and (ii) bird abundance + perceived bird species richness.
Next I modelled place dependence against pesty bird species richness and alternative
combinations of: respondent age, motivations to use the park to get back to nature and to
socialise, gender, frequency of park use, social nature of visit (alone). Finally, I modelled
place dependence against bird abundance and alternative combinations of: respondent age,
motivations to use the park to get back to nature and to socialise, gender, frequency of park
use, social nature of visit (alone) and structural heterogeneity.
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C.9.1: Park user profile (n = 813 respondents)
Category
Ethnicity
English-speaking
Non-English-speaking
NA
Total
Gender
Female
Male
NA
Total
Education
Bachelor degree or higher
TAFE
HSC or below
NA
Total
Respondent age
18-24
25-34
35-44
45-54
55-64
65-74
75+
NA
Total
Dating / single / separated /
Relationship status
divorced / widowed
Married / de facto
NA
Total
Note: NA = not applicable
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Frequency
691
120
2
813
456
356
1
813
499
133
181
0
813
99
251
220
100
66
52
22
3
813

Percent
85.0
14.8
0.2
100
56.1
43.8
0.1
100
61.4
16.4
22.3
0.0
100
12.2
30.9
27.1
12.3
8.1
6.4
2.7
0.4
100

280

34.4

530
3
813

65.2
0.4
100

C.9.2: How respondents used parks: reporting frequency and percent (n = 813
respondents)
Category
Frequency
Percent
Frequency of park use
Daily
117
14.39
A few times a week
228
28.04
Weekly
130
15.99
A couple times a month 71
8.73
Monthly
48
5.90
Rarely
102
12.55
First time
102
12.55
NA
15
1.85
Total
813
100
Duration of park use (minutes) ≤ 30
328
40.34
31 - 60
320
39.36
61 - 90
65
8.00
91 - 120
58
7.13
121 - 150
16
1.97
151 - 180
13
1.60
> 180
12
1.48
NA
1
0.12
Total
813
100
Distance travelled to use park
<2
518
63.71
(km)
2-5
155
19.07
6 - 10
61
7.50
11 - 20
40
4.92
> 20
39
4.80
NA
0
0.00
Total
813
100
Social nature of visit
Alone
262
32.23
Not alone
550
67.65
NA
1
0.12
Total
813
100
Note: NA = not applicable
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C.9.3: Frequency of level of agreement with motivation for park use across motivation categories (n = 813 respondents)
Motivation category
Physical exercise

Get back to nature

Peace and tranquillity

To socialise

n

%

N

%

n

%

n

%

Disagree#

474

58.30

255

31.37

143

17.59

359

44.16

Neutral

47

5.78

127

15.62

86

10.58

123

15.13

Agree^

290

35.67

429

52.77

582

71.59

329

40.47

NA

2

0.25

2

0.25

2

0.25

2

0.25

Total

813

100

813

100

813

100

813

100

C.9.4: Frequency of park use across n = 6 rare versus n = 24 common parks.
Frequency of park use /

First time / rarely

Monthly

park type

Couple of times

Once per week

per month

A few times per

Daily

week

Rare (n = 136)

52.94% (n = 72)

7.35% (n = 10)

6.62% (n = 9)

12.5% (n = 17)

13.24% (n = 18)

7.35% (n = 10)

Common (n = 662)

19.94% (n = 132)

5.74% (n = 38)

9.37% (n = 62)

17.07% (n = 113)

31.72% (n = 210)

16.16% (n = 107)
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Correct

Wrong

NA

100
Percent of respondents (n = 813)

90
80
70
60
50
40

77.49

85.98

82.16

30

77.74

70.60
55.23

54.61

20

38.62

10
0

Pair one

Pair two*

(Pair three)***

(Pair four)**

(Pair five)***

Pair six***

(Pair seven)***

Pair eight

Eastern Rosella
Platycercus eximius

Pied Currawong
Strepera graculina

Noisy Miner
Manorina
melanocephala

Rock Dove
Columba livia

Superb Fairy Wren
Malurus cyaneus

Willie Wagtail
Rhipidura leucophrys

Spotted Dove
Streptopelia chinensis

Sulphur-crested
Cockatoo
Cacatua galerita

Rainbow Lorikeet
Trichoglossus
haematodus

As above

Common Myna
Sturnus tristis

As above

As above

As above

Crested Pigeon
Ocyphaps lophotes

Galah
Eolophus
roseicapillus

C.10: Species differentiation test results, species details and photographs used across individual bird pairs. Logistic regression identified significant
differences of bird pairs two to seven, when compared to the base pair (i.e., pair one). Significance levels are indicated by: * = p < 0.05; ** = p < 0.01; *** =
p < 0.001. Brackets indicate a negative relationship between the bird pair and probability of a correct answer compared to the base pair.
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C.11: Perceived plant species richness ctree with ‘park code’ – graphical representation of a classification tree for perceived plant species richness.
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C.12: Alignment plants ctree with ‘park code’ only – graphical representation of a classification tree for the alignment between perceived and sample plant species richness.
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C.13: Alignment birds ctree with ‘park code’ only – graphical representation of a classification tree for the alignment between perceived and sample bird species richness.
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C.14: Details on the list of parks incorporated into each split across ctree analyses: (i)
perceived plant species richness (in text Figure 4.1); (ii) alignment plants (in text Figure 4.5);
(iii) perceived bird species richness (in text Figure 4.2); and (iv) alignment birds (in text
Figure 4.6).
(i)
Perceived plant species richness ctree – without park code
Predictor
Split
Number
Node
Park name
variable
threshold of parks
1
Structural
≤ 7%
23
Weekely Park; Morton Park; Beauchamp
heterogeneity
Park; Eastlakes Reserve; Wentworth Park;
Alison Park; Belmore Park; Roseville
Park; Pioneers Memorial Park; St. Thomas
Rest Park; Yeo Park; Maundrell Park;
Forest Park; Wahroonga Park;
Camperdown Memorial Park; Sydenham
Green; Enmore Park; Wynyard Park; Cook
and Phillip Park; Woolgoolga Reserve;
Brennan Park; Robert Pymble Park;
Mascot Memorial Park
> 7%
7
Ivanhoe Park Botanic Garden; E. G.
Waterhouse Garden; Thomas Hogan
Reserve; Stony Range Botanic Garden;
Lisgar Garden; Swain Garden;
Harbourview Park
2
Ethnicity
NA
NA
NA
3
Sample plant ≤ 10
6
Weekely Park; Eastlakes Reserve;
species
plant
Wentworth Park; Maundrell Park,
richness
species
Camperdown Memorial Park; Enmore Park
> 10
17
Morton Park; Beauchamp Park; Alison
plant
Park; Belmore Park; Roseville Park;
species
Pioneers Memorial Park; St. Thomas Rest
Park; Yeo Park; Forest Park; Wahroonga
Park; Sydenham Green; Wynyard Park;
Cook and Phillip Park; Brennan Park;
Robert Pymble Park; Mascot Memorial
Park; Woolgoolga Reserve
4
As per node 3 above (≤ 10 plant species; n = 6 parks)
5
As per node 3 above (> 10 plant species; n = 17 parks)
6
Canopy
≤ 41%
10
Morton Park; Eastlakes Reserve;
cover
Wentworth Park; Belmore Park; Pioneers
Memorial Park; St. Thomas Rest Park; Yeo
Park; Camperdown Memorial Park;
Sydenham Green; Woolgoolga Reserve
> 41%
13
Beauchamp Park; Alison Park; Roseville
Park; Forest Park; Wahroonga Park;
Wynyard Park; Cook and Phillip Park;
Brennan Park; Robert Pymble Park;
Mascot Memorial Park; Weekely Park;
Maundrell Park; Enmore Park
7
Structural
≤ 0.7%
6
Camperdown Memorial Park; Yeo Park;
heterogeneity
Belmore Park; Wentworth Park; Eastlakes
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8
9
10
11

12
13
(ii)
Node
1

2

3
4

5

Reserve; Morton Park
> 0.7%
4
Pioneers Memorial Park; St. Thomas Rest
but ≤ 7%
Park; Sydenham Green; Woolgoolga
Reserve
As per node 7 above (≤ 0.7% structural heterogeneity; n = 6 parks)
As per node 7 above (> 0.7% structural heterogeneity; n = 4 parks)
As per node 6 above (> 41% canopy cover; n = 13 parks)
Park size
≤ 1.7ha
3
Ivanhoe Park Botanic Garden; Thomas
Hogan Reserve; Harbourview Park.
> 1.7ha
4
E. G. Waterhouse Garden; Stony Range
Botanic Garden; Lisgar Garden; Swain
Garden
As per node 11 above (≤1.7ha; n = 3 parks)
As per node 11 above (>1.7ha; n = 4 parks)
Alignment plants ctree – without park code
Predictor
Split
Number
Park name
variable
threshold of parks
Turf cover
≤ 65%
13
Belmore Park; Pioneers Memorial Park; St.
Thomas Rest Park; Woolgoolga Reserve;
Wynyard Park; Mascot Memorial Park;
Ivanhoe Park Botanic Garden; E. G.
Waterhouse Garden; Thomas Hogan
Reserve; Stony Range Botanic Garden;
Lisgar Garden; Swain Garden;
Harbourview Park
> 65%
17
Weekely Park; Morton Park; Beauchamp
Park; Eastlakes Reserve; Wentworth Park;
Alison Park; Roseville Park; Yeo Park;
Maundrell Park; Forest Park; Wahroonga
Park; Camperdown Memorial Park;
Sydenham Green; Enmore Park; Cook and
Phillip Park; Brennan Park; Robert Pymble
Park
Woody plant ≤ 218
6
Belmore Park; Pioneers Memorial Park; St.
abundance
woody
Thomas Rest Park; Harbourview Park;
plants
Woolgoolga Reserve; Mascot Memorial
Park
> 218
7
Ivanhoe Park Botanic Garden; E. G.
woody
Waterhouse Garden; Thomas Hogan
plants
Reserve; Stony Range Botanic Garden;
Lisgar Garden; Swain Garden; Wynyard
Park
As per node 2 above (≤ 218 woody plants; n = 6 parks)
Plant
≤ 47%
5
E. G. Waterhouse Garden; Thomas Hogan
nativeness
native
Reserve; Lisgar Garden; Swain Garden;
Wynyard Park
> 47%
2
Ivanhoe Park Botanic Garden; Stony
Range Botanic Garden
As per node 4 above (≤ 47% native plant species; n = 5 parks)
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6
7
8
9
(iii)
Node
1

2

3

As per node 4 above (> 47% native plant species; n = 2 parks)
Ethnicity. As per node 1 above (> 65% turf cover; n = 17 parks)
Ethnicity
English
NA
NA
Ethnicity
nonNA
NA
English
Perceived bird species richness ctree
Predictor
Split
Number
Park name
variable
threshold of parks
Pesty bird
≤ 50%
26
Weekely Park; Beauchamp Park;
species
Wentworth Park; Alison Park; Roseville
richness
Park; Pioneers Memorial Park; St. Thomas
Rest Park; Yeo Park; Maundrell Park;
Forest Park; Wahroonga Park;
Camperdown Memorial Park; Sydenham
Green; Enmore Park; Cook and Phillip
Park; Woolgoolga Reserve; Brennan Park;
Robert Pymble Park; Mascot Memorial
Park; Ivanhoe Park Botanic Garden; E. G.
Waterhouse Garden; Thomas Hogan
Reserve; Stony Range Botanic Garden;
Lisgar Garden; Swain Garden;
Harbourview Park
> 50%
4
Morton Park; Eastlakes Reserve; Belmore
Park; Wynyard Park
Structural
≤ 22%
23
Weekely Park; Beauchamp Park;
heterogeneity
Wentworth Park; Alison Park; Roseville
Park; Pioneers Memorial Park; St. Thomas
Rest Park; Yeo Park; Maundrell Park;
Forest Park; Wahroonga Park;
Camperdown Memorial Park; Sydenham
Green; Enmore Park; Cook and Phillip
Park; Woolgoolga Reserve; Brennan Park;
Robert Pymble Park; Mascot Memorial
Park; Ivanhoe Park Botanic Garden;
Thomas Hogan Reserve; Swain Garden;
Harbourview Park
> 22%
3
E. G. Waterhouse Garden; Stony Range
Botanic Garden; Lisgar Garden
Bird
≤ 100
21
Beauchamp Park; Wentworth Park;
abundance
birds
Roseville Park; Pioneers Memorial Park;
St. Thomas Rest Park; Yeo Park;
Maundrell Park; Forest Park; Wahroonga
Park; Camperdown Memorial Park;
Sydenham Green; Enmore Park; Cook and
Phillip Park; Woolgoolga Reserve;
Brennan Park; Robert Pymble Park;
Mascot Memorial Park; Ivanhoe Park
Botanic Garden; Thomas Hogan Reserve;
Swain Garden; Harbourview Park.
> 100
2
Weekley Park; Alison Park
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4
5
6
7

8
9
(iv)
Node
1

2

3

4
5
6

birds
As per node 3 above (bird abundance ≤ 100 birds; n = 21 parks).
As per node 3 above (bird abundance > 100 birds; n = 2 parks).
As per node 2 above (structural heterogeneity > 22%; n = 3 parks).
Ethnicity
English
NA
NA
nonNA
NA
English
Ethnicity – English. As per node 1 above (n = 4 parks).
Ethnicity – non-English. As per node 1 above (n = 4 parks).
Alignment birds ctree – without park code
Predictor
Split
Number
Park name
variable
threshold of parks
Flower cover ≤ 13
26
Weekely Park; Beauchamp Park;
flowering
Wentworth Park; Alison Park; Roseville
plants
Park; Pioneers Memorial Park; St. Thomas
Rest Park; Yeo Park; Maundrell Park;
Forest Park; Wahroonga Park;
Camperdown Memorial Park; Sydenham
Green; Enmore Park; Cook and Phillip
Park; Woolgoolga Reserve; Brennan Park;
Robert Pymble Park; Mascot Memorial
Park; Thomas Hogan Reserve; Swain
Garden; Harbourview Park; Morton Park;
Eastlakes Reserve; Belmore Park;
Wynyard Park.
> 13
4
Ivanhoe Park Botanic Garden; E. G.
flowering
Waterhouse Garden; Stony Range Botanic
plants
Garden; Lisgar Garden.
Flower cover ≤ 9
24
Weekely Park; Beauchamp Park;
flowering
Wentworth Park; Alison Park; Roseville
plants
Park; Pioneers Memorial Park; St. Thomas
Rest Park; Yeo Park; Maundrell Park;
Forest Park; Wahroonga Park;
Camperdown Memorial Park; Sydenham
Green; Enmore Park; Cook and Phillip
Park; Brennan Park; Robert Pymble Park;
Mascot Memorial Park; Thomas Hogan
Reserve; Harbourview Park; Morton Park;
Eastlakes Reserve; Belmore Park;
Wynyard Park.
>9
2
Swains Garden; Woolgoolga Reserve.
flowering
plants
Ethnicity
English
As per node 2 (≤ 9 flowering plants; n = 24 parks).
NonAs per node 2 (≤ 9 flowering plants; n = 24 parks).
English
Ethnicity – English: As per node 2 (≤ 9 flowering plants; n = 24 parks).
Ethnicity – non-English: As per node 2 (≤ 9 flowering plants; n = 24 parks).
As per node 2 (> 9 flowering plants; n = 2 parks).
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7

8
9

≤ 83%
3
Ivanhoe Park Botanic Garden; E. G.
canopy
Waterhouse Garden; Lisgar Garden.
cover
> 83%
1
Stony Range Botanic Garden.
canopy
cover
As per node 7 (Canopy cover ≤ 83% canopy cover; n = 3 parks).
As per node 7 (Canopy cover > 83% canopy cover; n = 1 park – Stony Range
Botanic Garden).
Canopy
cover
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C.15: Univariate generalised linear modelling explaining n = 8 psychological outcome
metrics: connection to nature; perceived restorativeness components being away, fascination,
compatibility and legibility; perceived likelihood of restoration; and, place attachment
dimensions place identity and place dependence.
Model (variable coefficient, lower - upper confidence
Δi
AICC
wi
ꭓ2
AICC
intervals)
Connection to nature
Motivation – to get back to nature (0.514, 0.336 – 0.692)
13.07
0.00 0.60 21.75
Pesty bird species richness* (-0.144, -0.195 – -0.092)
14.30
1.23 0.32 20.52
Sample plant species richness* (0.119, 0.070 – 0.168)
17.85
4.78 0.05 16.97
UGS surrounding park (0.015, 0.008 – 0.023)
21.96
8.88 0.01 12.87
Frequency of park use^ (-1.806, -2.697 – -0.915)
22.14
9.07 0.01 12.68
Perceived bird species richness (0.685, 0.324 – 1.045)
23.42 10.35 0.00 11.40
Park distance from the CBD (0.036, 0.015 – 0.056)
25.11 12.04 0.00
9.71
Flower cover (0.27, 0.011 – 0.044)
25.80 12.73 0.00
9.02
Structural heterogeneity^ (0.203, 0.077 – 0.328)
26.21 13.14 0.00
8.62
Respondent age (0.331, 0.115 – 0.547)
26.92 13.85 0.00
7.90
canopy cover^ (0.684, 0.204 – 1.165)
27.90 14.83 0.00
6.92
Sample bird species richness* (0.384, 0.113 – 0.655)
27.97 14.90 0.00
6.85
Plant abundance (0.001, 0.000 – 0.002)
29.01 15.93 0.00
5.86
Social nature of visit (alone) (-0.649, -1.166 – -0.131)
29.32 16.25 0.00
5.50
Intended duration of park use (0.010, 0.002 – 0.019)
29.88 16.81 0.00
4.94
Distance travelled to use park^ (1.504, 0.204 – 2.804)
30.08 17.00 0.00
4.75
Motivation – to socialise (0.227, 0.024 – 0.429)
30.36 17.28 0.00
4.47
Motivation – physical exercise (0.179, 0.000 – 0.358)
31.19 18.12 0.00
3.63
Motivation – peace and tranquillity (0.181, -0.073 – 0.434)
32.94 19.86 0.00
1.89
Plant nativeness (-0.001, -0.006 – 0.005)
34.77 21.69 0.00
0.06
Constant
31.90 18.83
Δi
Perceived restorativeness ‘being away’
AICC
wi
ꭓ2
AICC
Perceived plant species richness (0.649, 0.423 – 0.875)
7.77
0.00 0.90 21.62
Perceived bird species richness (0.720, 0.417 – 1.024)
13.09
5.32 0.06 16.30
Pesty bird species richness (-0.010, -0.015 – -0.006)
15.17
7.40 0.02 14.22
Sample bird species richness (0.072, 0.030 – 0.114)
19.89 12.12 0.00
9.50
Structural heterogeneity (0.018, 0.007 – 0.028)
19.98 12.21 0.00
9.41
Sample plant species richness (0.007, 0.003 – 0.011)
20.00 12.23 0.00
9.39
Plant abundance (0.001, 0.001 – 0.002)
20.16 12.39 0.00
9.23
Motivation – peace and tranquillity (0.333, 0.126 – 0.540)
20.83 13.05 0.00
8.57
Motivation – to get back to nature (0.315, 0.110 – 0.520)
21.48 13.70 0.00
7.91
Flower cover (0.023, 0.008 – 0.039)
21.82 14.05 0.00
7.57
Turf cover (-0.006, -0.009 – -0.002)
21.92 14.14 0.00
7.47
Actual duration of park use (0.022, 0.007 – 0.036)
22.11 14.34 0.00
7.28
Park distance from the CBD (0.028, 0.008 – 0.048)
22.47 14.70 0.00
6.92
Intended duration of park use (0.010, 0.003 – 0.018)
23.14 15.37 0.00
6.25
Respondent age (0.263, 0.059 – 0.468)
23.61 15.83 0.00
5.79
Canopy cover (0.006, 0.001 – 0.010)
24.13 16.36 0.00
5.26
Ethnicity (English-speaking) (0.747, -0.090 – 1.584)
26.48 18.70 0.00
2.92
UGS surrounding park (0.007, -0.001 – 0.015)
26.66 18.89 0.00
2.73
Frequency of park use (-0.088, -0.230 – 0.055)
27.97 20.20 0.00
1.42
Park size (0.072, -0.053 – 0.196)
28.14 20.37 0.00
1.25
Distance travelled to use park (0.145, -0.154 – 0.443)
28.50 20.73 0.00
0.89
Motivation – to socialise (0.069, -0.128 – 0.267)
28.92 21.15 0.00
0.47
Gender (male) (0.347, -0.784 – 1.477)
29.03 21.26 0.00
0.36
Social nature of visit (alone) (-0.119, -0.635 – 0.397)
29.19 21.42 0.00
0.20
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Constant only

26.91

Perceived restorativeness – fascination

AICC

Perceived plant species richness (1.448, 1.226 – 1.670)
Perceived bird species richness (1.622, 1.246 – 1.999)
Sample plant species richness^ (1.409, 1.022 – 1.796)
Structural heterogeneity^ (0.500, 0.354 – 0.645)
Turf cover (-0.015, -0.020 – -0.010)
Pesty bird species richness (-0.021, -0.028 – -0.014)
Flower cover* (0.320, 0.198 – 0.441)
Plant abundance (0.003, 0.002 – 0.004)
Frequency of park use (-0.445, -0.643 – -0.248)
Respondent age (0.674, 0.366 – 0.982)
Park distance from the CBD (0.064, 0.033 – 0.095)
Motivation – to get back to nature (0.672, 0.344 – 0.999)
Canopy cover (0.014, 0.007 – 0.021)
Actual duration of park use (0.047, 0.023 – 0.070)
Distance travelled to use park (0.752, 0.299 – 1.205)
Sample bird species richness (0.121, 0.047 – 0.194)
Intended duration of park use (0.019, 0.007 – 0.032)
Social nature of visit (alone) (-1.138, -1.941 – -0.335)
UGS surrounding park (0.016, 0.003 – 0.030)
Bird abundance (-0.003, -0.006 – 0.000)
Motivation – for physical exercise (0.317, 0.038 – 0.596)
Motivation – to socialise (0.335, 0.010 – 0.660)
Motivation – peace and tranquillity (0.228, -0.180 – 0.635)
Park size (0.138, -0.077 – 0.354)
Gender (male) (0.485, -1.484 – 2.454)
Ethnicity (English-speaking) (0.355, -1.167 – 1.877)
Constant

6.61
26.04
32.77
34.91
39.36
40.71
43.53
45.76
47.55
48.23
49.52
49.67
49.81
50.62
53.49
53.77
54.82
55.69
57.32
57.92
57.98
58.73
60.46
61.01
62.33
62.35
60.08

Perceived restorativeness – compatibility

AICC

Bird abundance (-0.003, -0.004 – -0.002)
Pesty bird species richness (-0.009, -0.013 – -0.006)
Perceived bird species richness (0.559, 0.306 – 0.812)
Social nature of visit (alone) (-0.688, -1.028 – -0.348)
Motivation – to socialise (0.255, 0.122 – 0.388)
Perceived plant species richness (0.360, 0.131 – 0.589)
Intended duration of park use (0.010, 0.004 – 0.016)
Motivation – for physical exercise (0.182, 0.057 – 0.306)
Respondent age (0.219, 0.054 – 0.383)
Ethnicity (English-speaking) (0.779, 0.123 – 1.434)
Park distance from the CBD (0.019, 0.003 – 0.036)
Structural heterogeneity (0.112, 0.012 – 0.212)
Actual duration of park use (0.013, 0.001 – 0.026)
Park size (0.098, 0.001 – 0.194)
Sample bird species richness (0.036, -0.002 – 0.073)
Gender (male) (-0.785, -1.663 – 0.093)
Plant nativeness (0.003, -0.001 – 0.007)
Motivation – to get back to nature (0.147, -0.035 – 0.329)
UGS surrounding park (0.004, -0.002 – 0.011)
Flower cover (0.048, -0.028 – 0.124)
Education (≥ bachelor) (-0.380, -1.328 – 0.568)
Frequency of park use (-0.045, -0.162 – 0.072)
Sample plant species richness^ (0.112, -0.182 – 0.406)

-8.09
-0.98
2.25
4.15
5.28
7.62
7.73
9.58
10.70
11.81
11.91
12.32
12.82
13.13
13.58
13.88
14.20
14.40
15.23
15.29
16.19
16.24
16.25
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Δi
wi
ꭓ2
AICC
0.00 1.00 55.95
19.43 0.00 36.52
26.16 0.00 29.79
28.30 0.00 27.64
32.75 0.00 23.20
34.10 0.00 21.85
36.92 0.00 19.03
39.15 0.00 16.80
40.94 0.00 15.01
41.62 0.00 14.33
42.92 0.00 13.04
43.06 0.00 12.89
43.20 0.00 12.75
44.01 0.00 11.94
46.88 0.00
9.07
47.16 0.00
8.79
48.21 0.00
7.74
49.08 0.00
6.87
50.71 0.00
5.24
51.31 0.00
4.64
51.37 0.00
4.58
52.12 0.00
3.83
53.85 0.00
1.18
54.40 0.00
1.55
55.72 0.00
0.23
55.74 0.00
0.21
53.47
Δi
wi
ꭓ2
AICC
0.00 0.96 24.89
7.12 0.03 17.77
10.34 0.01 14.55
12.24 0.00 12.65
13.37 0.00 11.52
15.71 0.00
8.25
15.82 0.00
9.07
17.67 0.00
7.22
18.79 0.00
6.10
19.91 0.00
4.98
20.00 0.00
4.89
20.42 0.00
4.47
20.91 0.00
3.98
21.22 0.00
3.67
21.67 0.00
3.22
21.97 0.00
2.92
22.29 0.00
2.60
22.50 0.00
2.39
23.32 0.00
1.57
23.38 0.00
1.51
24.28 0.00
0.61
24.33 0.00
0.56
24.34 0.00
0.55

Motivation – peace and tranquillity (0.068, -0.124 – 0.260)
Plant abundance (0.000, -0.001 – 0.001)
Distance travelled to use park (-0.034, -0.279 – 0.212)
Turf cover (0.000, -0.004 – 0.003)
Canopy cover (0.000, -0.004 – 0.004)
Constant

16.32
16.63
16.72
16.76
16.79
14.32

Perceived restorativeness – legibility

AICC

Plant abundance (-0.002, -0.002 – -0.001)
Sample plant species richness^ (-0.550, -0.812 – -0.289)
Turf cover (0.006, 0.003 – 0.009)
Frequency of park use (0.204, 0.095 – 0.312)
Canopy cover (-0.007, -0.011 – -0.033)
Motivation – to get back to nature (-0.014, -0.028 – 0.000)
Structural heterogeneity (-0.015, -0.025 – -0.006)
Perceived plant species richness (-0.358, -0.618, -0.098)
Ethnicity (English-speaking) (0.802, 0.070 – 1.534)
Motivation – peace and tranquillity (-0.208, -0.409 – -0.008)
Motivation – for physical exercise (0.096, -0.055 – 0.247)
Gender (male) (-0.598, -1.593 – 0.397)
Intended duration of park use (-0.004, -0.012 – 0.003)
Motivation – to socialise (0.063, -0.114 – 0.240)
Park size (0.009, -0.105 – 0.122)
Respondent age (-0.011, -0.213 – 0.190)
Constant

3.60
8.31
9.34
11.56
11.91
13.77
13.95
16.22
18.44
18.84
21.22
21.37
21.52
22.24
22.70
22.71
20.25

Likelihood of restoration

AICC

Motivation – peace and tranquillity (0.421, 0.220 – 0.622)
Motivation – to get back to nature (0.364, 0.155 – 0.572)
Perceived plant species richness (0.466, 0.169 – 0.763)
Plant abundance (0.001, 0.000 – 0.002)
Turf cover (-0.005, -0.009 – -0.001)
Perceived bird species richness (0.494, 0.116 – 0.873)
Pesty bird species richness (-0.007, -0.013 – -0.002)
Sample bird species richness (0.055, 0.007 – 0.103)
Sample plant species richness^ (0.376, 0.016 – 0.736)
Canopy cover (0.005, 0.000 – 0.010)
Structural heterogeneity^ (0.126, -0.006 – 0.258)
Actual duration of park use (0.015, -0.002 – 0.032)
Park size (0.103, -0.026 – 0.231)
Intended duration of park use (0.007, -0.002 – 0.015)
Park distance from the CBD (0.017, -0.005 – 0.040)
Gender (male) (0.799, -0.361 – 1.958)
Frequency of park use (-0.101, -0.250 – 0.048)
Flower cover* (0.061, -0.037 – 0.160)
Respondent age (0.136, -0.096 – 0.367)
Bird abundance* (-0.022, -0.063 – 0.018)
UGS surrounding park (0.003, -0.005 – 0.012)
Social nature of visit (alone) (0.185, -0.356 – 0.725)
Motivation – for physical exercise (-0.042, -0.224 – 0.139)
Plant nativeness (0.001, -0.005 – 0.006)
Motivation – to socialise (0.024, -0.185 – 0.233)
Constant
Place attachment – identity

19.00
22.47
24.11
25.18
25.91
26.43
26.79
27.72
28.42
28.89
29.03
29.44
29.98
30.13
30.19
30.57
30.63
30.90
31.05
31.19
31.77
31.90
32.14
32.29
32.29
29.87
AICC
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24.41
24.72
24.82
24.85
24.88
22.41
Δi
AICC
0.00
4.72
5.74
7.97
8.31
10.17
10.35
12.63
14.84
15.25
17.63
17.77
17.92
18.65
19.11
19.12
16.65
Δi
AICC
0.00
3.48
5.12
6.18
6.92
7.43
7.80
8.72
9.42
9.90
10.03
10.45
10.99
11.13
11.19
11.58
11.63
11.91
12.06
12.20
12.78
12.90
13.14
13.29
13.30
10.87
Δi

0.00
0.00
0.00
0.00
0.00
wi
0.83
0.08
0.05
0.02
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.48
0.16
0.07
0.04
0.01
ꭓ2
19.13
13.49
13.39
11.16
10.82
8.96
8.78
6.51
4.29
3.88
1.51
1.36
1.21
0.49
0.02
0.01

wi

ꭓ2

0.69
0.12
0.05
0.03
0.02
0.02
0.01
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

13.35
9.87
8.23
7.17
6.43
5.92
5.55
4.63
3.93
3.45
3.32
2.90
2.36
2.22
2.16
1.77
1.72
1.44
1.29
1.15
0.57
0.45
0.21
0.05
0.05

wi

ꭓ2

AICC
0.00 0.96 26.36
7.25 0.03 19.11
9.29 0.01 17.07
12.05 0.00 14.31
14.23 0.00 12.14
14.96 0.00 11.40
17.03 0.00
9.33
17.30 0.00
9.06
18.00 0.00
8.37
19.79 0.00
6.57
21.79 0.00
4.58
22.54 0.00
3.82
22.58 0.00
3.78
23.08 0.00
3.29
24.60 0.00
1.77
24.84 0.00
1.52
24.85 0.00
1.51
25.23 0.00
1.13
25.40 0.00
0.97
25.56 0.00
0.80
23.88
Δi
Place attachment – dependence
AICC
wi
ꭓ2
AICC
Pesty bird species richness (-0.015, -0.020 – -0.010)
13.71 0.00
0.76 25.50
Bird abundance (-0.004, -0.005 – -0.003)
17.01 3.30
0.15 22.17
Perceived plant species richness^ (3.796, 2.375 – 5.217)
19.71 6.00
0.04 19.47
Perceived bird species richness (0.900, 0.559 – 1.240)
20.02 6.31
0.03 19.16
Respondent age (0.493, 0.295 – 0.690)
21.64 7.93
0.01 17.54
Motivation – to get back to nature (0.491, 0.271 – 0.703)
23.52 9.82
0.01 15.65
Park distance from the CBD (0.046, 0.026 – 0.066)
23.88 10.17 0.00 15.30
Social nature of visit (alone) (-1.020, -1.509 – -0.532)
25.86 12.15 0.00 13.32
Structural heterogeneity (0.022, 0.010 – 0.034)
28.13 14.43 0.00 11.04
Motivation – to socialise (0.356, 0.159 – 0.553)
28.70 15.00 0.00 10.47
Intended duration of park use (0.014, 0.005 – 0.022)
30.69 16.99 0.00 8.48
Motivation – for physical exercise (0.227, 0.099 – 0.456)
31.10 17.39 0.00 8.08
Sample bird species richness (0.078, 0.027 – 0.129)
31.34 17.64 0.00 7.83
Actual duration of park use (0.026, 0.009 – 0.043)
31.64 17.93 0.00 7.54
UGS surrounding park (0.013, 0.004 – 0.022)
31.90 18.19 0.00 7.26
Flower cover (0.027, 0.088 – 0.045)
32.09 18.38 0.00 7.09
Sample plant species richness^ (0.544, 0.161 – 0.928)
32.30 18.59 0.00 6.88
Canopy cover (0.007, 0.001 – 0.012)
33.63 19.92 0.00 5.55
Frequency of park use (-0.190, -0.348 – -0.032)
34.10 20.39 0.00 5.08
Turf cover (-0.005, -0.009 – 3.309E-5)
35.61 21.90 0.00 3.57
Motivation – peace and tranquillity (0.238, -0.030 – 0.507)
36.29 22.58 0.00 2.89
Park size (0.122, -0.021 – 0.265)
36.50 22.79 0.00 2.68
Plant abundance (0.001, 0.000 – 0.002)
37.57 23.86 0.00 1.61
Education (≥ bachelor) (-0.763, -2.127 – 0.600)
38.00 24.29 0.00 1.18
Gender (male) (-0.703, -2.018 – 0.611)
38.10 24.39 0.00 1.08
Ethnicity (English-speaking) (0.241, -0.790 – 1.271)
38.97 25.26 0.00 0.21
Constant
36.70 22.99
Notes: ^ = log transformation. * = square root transformation. UGS = urban greenspace; CBD
= central business district. AICc = Akaike's information criterion corrected for small sample
sizes, △i = difference in AICc values, wi = model weights, and ꭓ2 = the likelihood ratio chiBird abundance (-0.005, -0.006 – -0.003)
Respondent age (0.533, 0.331 – 0.735)
Social nature of visit (alone) (-1.177, -1.658 – -0.696)
Pesty bird species richness (-0.013, -0.019 – -0.007)
Motivation – for physical exercise (0.345, 0.170 – 0.520)
Motivation – to socialise (0.387, 0.183 – 0.590)
Park distance from the CBD (0.039, 0.016 – 0.063)
Perceived plant species richness^ (2.941, 1.168 – 4.713)
Perceived bird species richness (0.677, 0.250 – 1.105)
Motivation – to get back to nature (0.358, 0.099 – 0.617)
UGS surrounding park (0.011, 0.011 – 0.021)
Flower cover (0.021, 0.011 – 0.041)
Actual duration of park use (0.020, 0.000 – 0.039)
Intended duration of park use (0.009, 0.000 – 0.019)
Education (≥ bachelor) (-0.975, -2.391 – 0.441)
Park size (0.097, -0.055 – 0.250)
Sample bird species richness (0.038, -0.022 – 0.097)
Gender (male) (-0.753, -2.130 – 0.624)
Motivation – peace and tranquillity (0.147, -0.144 – 0.437)
Frequency of park use (-0.082, -0.260 – 0.096)
Constant
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15.66
22.91
24.95
27.70
29.88
30.62
32.69
32.96
33.65
35.45
37.44
38.20
38.24
38.73
40.25
40.50
40.51
40.89
41.05
41.22
39.54

square, which represents the change in deviance between the fitted model and the constant
only model. All estimates and their CIs were rounded to 3 decimal places. Italics indicate CIs
encompassed zero.
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C.16: Multivariate generalised linear modelling explaining n = 8 psychological outcome metrics: connection to nature; perceived restorativeness components
being away, fascination, compatibility and legibility; likelihood of restoration; and, place attachment dimensions place identity and place dependence.
Δi
Model (variable coefficient, lower - upper confidence intervals)
AICC
wi
ꭓ2
AICC
Connection to nature
Motivation – to get back to nature (0.338, 0.232 – 0.543) + Pesty bird species richness (-0.008, -0.012 – -0.004)
2.62
0.00 0.98 34.88
Motivation – to get back to nature (0.397, 0.192 – 0.601) + Sample plant species richness (0.004, -7.12E6 – 0.008)
12.15
9.53 0.01 25.34
Motivation – to get back to nature (0.514, 0.336 – 0.692)
13.07 10.45 0.01 21.75
Pesty bird species richness* (-0.144, -0.195 – -0.092)
14.30 11.68 0.00 20.52
Sample plant species richness* (0.119, 0.070 – 0.168)
17.85 15.24 0.00 16.97
UGS surrounding park (0.015, 0.008 – 0.023)
21.96 19.34 0.00 12.87
Frequency of park use ^ (-1.806, -2.697 – -0.915)
22.14 19.52 0.00 12.68
Perceived bird species richness (0.685, 0.324 – 1.045)
23.42 20.81 0.00 11.40
Park distance from the CBD (0.036, 0.015 – 0.056)
25.11 22.49 0.00
9.71
Flower cover (0.27, 0.011 – 0.044)
25.80 23.18 0.00
9.02
Structural heterogeneity ^ (0.203, 0.077 – 0.328)
26.21 23.59 0.00
8.62
Respondent age (0.331, 0.115 – 0.547)
26.92 24.30 0.00
7.90
canopy cover ^ (0.684, 0.204 – 1.165)
27.90 25.28 0.00
6.92
Sample bird species richness* (0.384, 0.113 – 0.655)
27.97 25.35 0.00
6.85
Plant abundance (0.001, 0.000 – 0.002)
29.01 26.39 0.00
5.86
Social nature of visit (alone) (-0.649, -1.166 – -0.131)
29.32 26.70 0.00
5.50
Intended duration of park use (0.010, 0.002 – 0.019)
29.88 27.27 0.00
4.94
Distance travelled to use park^ (1.504, 0.204 – 2.804)
30.08 27.46 0.00
4.75
Motivation – to socialise (0.227, 0.024 – 0.429)
30.36 27.74 0.00
4.47
Motivation – physical exercise (0.179, 0.000 – 0.358)
31.19 28.57 0.00
3.63
Motivation – peace and tranquillity (0.181, -0.073 – 0.434)
32.94 30.32 0.00
1.89
Plant nativeness (-0.001, -0.006 – 0.005)
34.77 32.15 0.00
0.06
Constant
31.90 29.28
Δi
Perceived restorativeness – being away
AICC
wi
ꭓ2
AICC
Perceived plant species richness (0.882, 0.625 – 1.140) + Frequency of park use (0.115, 0.002 – 0.227) + Social
6.00
0.00 0.33 28.97
nature of visit (alone) (0.322, -0.032 – 0.677)
Perceived plant species richness (0.818, 0.558 – 1.078) + Frequency of park use (0.129, 0.012 – 0.246)
6.12
0.12 0.31 25.95
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Perceived plant species richness (0.746, 0.512 – 0.980) + Social nature of visit (alone) (0.374, 0.000 – 0.747)
Perceived plant species richness (0.649, 0.423 – 0.875)
Perceived bird species richness (0.720, 0.417 – 1.024)
Pesty bird species richness (-0.010, -0.015 – -0.006)
Sample bird species richness (0.072, 0.030 – 0.114)
Structural heterogeneity (0.018, 0.007 – 0.028)
Sample plant species richness (0.007, 0.003 – 0.011)
Plant abundance (0.001, 0.001 – 0.002)
Motivation – peace and tranquillity (0.333, 0.126 – 0.540)
Motivation – to get back to nature (0.315, 0.110 – 0.520)
Flower cover (0.023, 0.008 – 0.039)
Turf cover (-0.006, -0.009 – -0.002)
Actual duration of park use (0.022, 0.007 – 0.036)
Park distance from the CBD (0.028, 0.008 – 0.048)
Intended duration of park use (0.010, 0.003 – 0.018)
Respondent age (0.263, 0.059 – 0.468)
Canopy cover (0.006, 0.001 – 0.010)
Ethnicity (English-speaking) (0.747, -0.090 – 1.584)
UGS surrounding park (0.007, -0.001 – 0.015)
Frequency of park use (-0.088, -0.230 – 0.055)
Park size (0.072, -0.053 – 0.196)
Distance travelled to use park (0.145, -0.154 – 0.443)
Motivation – to socialise (0.069, -0.128 – 0.267)
Gender (male) (0.347, -0.784 – 1.477)
Social nature of visit (alone) (-0.119, -0.635 – 0.397)
Constant only
Perceived restorativeness – fascination
Sample plant species richness^ (0.867, 0.606 – 1.128) + Perceived bird species richness (1.129, 0.845 – 1.412)
Perceived plant species richness (1.238, 0.953 – 1.523) + Turf cover (-0.004, -0.008 – 0.000)
Perceived plant species richness (1.317, 1.075 – 1.559) + Motivation – to get back to nature (0.184, 0.009 –
0.358)
Perceived plant species richness (1.448, 1.226 – 1.670)
Perceived bird species richness (1.622, 1.246 – 1.999)
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6.83
7.77
13.09
15.17
19.89
19.98
20.00
20.16
20.83
21.48
21.82
21.92
22.11
22.47
23.14
23.61
24.13
26.48
26.66
27.97
28.14
28.50
28.92
29.03
29.19
26.91

0.83 0.22 25.24
1.77 0.13 21.62
7.09 0.01 16.30
9.17 0.00 14.22
13.89 0.00
9.50
13.98 0.00
9.41
14.00 0.00
9.39
14.16 0.00
9.23
14.82 0.00
8.57
15.47 0.00
7.91
15.82 0.00
7.57
15.92 0.00
7.47
16.11 0.00
7.28
16.47 0.00
6.92
17.14 0.00
6.25
17.60 0.00
5.79
18.13 0.00
5.26
20.47 0.00
2.92
20.66 0.00
2.73
21.97 0.00
1.42
22.14 0.00
1.25
22.50 0.00
0.89
22.92 0.00
0.47
23.03 0.00
0.36
23.19 0.00
0.20
20.91
Δi
AICC
wi
ꭓ2
AICC
2.27
0.00 0.64 62.96
5.17
2.90 0.15 60.06
5.30

3.03

0.14

59.93

6.61
26.04

4.34
23.77

0.07
0.00

55.95
36.52

Sample plant species richness^ (1.409, 1.022 – 1.796)
Structural heterogeneity^ (0.500, 0.354 – 0.645)
Turf cover (-0.015, -0.020 – -0.010)
Pesty bird species richness (-0.021, -0.028 – -0.014)
Flower cover* (0.320, 0.198 – 0.441)
Plant abundance (0.003, 0.002 – 0.004)
Frequency of park use (-0.445, -0.643 – -0.248)
Respondent age (0.674, 0.366 – 0.982)
Park distance from the CBD (0.064, 0.033 – 0.095)
Motivation – to get back to nature (0.672, 0.344 – 0.999)
Canopy cover (0.014, 0.007 – 0.021)
Actual duration of park use (0.047, 0.023 – 0.070)
Distance travelled to use park (0.752, 0.299 – 1.205)
Sample bird species richness (0.121, 0.047 – 0.194)
Intended duration of park use (0.019, 0.007 – 0.032)
Social nature of visit (alone) (-1.138, -1.941 – -0.335)
UGS surrounding park (0.016, 0.003 – 0.030)
Bird abundance (-0.003, -0.006 – 0.000)
Motivation – for physical exercise (0.317, 0.038 – 0.596)
Motivation – to socialise (0.335, 0.010 – 0.660)
Motivation – peace and tranquillity (0.228, -0.180 – 0.635)
Park size (0.138, -0.077 – 0.354)
Gender (male) (0.485, -1.484 – 2.454)
Ethnicity (English-speaking) (0.355, -1.167 – 1.877)
Constant

32.77
34.91
39.36
40.71
43.53
45.76
47.55
48.23
49.52
49.67
49.81
50.62
53.49
53.77
54.82
55.69
57.32
57.92
57.98
58.73
60.46
61.01
62.33
62.35
60.08

Perceived restorativeness – compatibility

AICC

Bird abundance (-0.002, -0.003 – -0.001) + Pesty bird species richness (-0.002, -0.005 – 0.002) + Intended duration
of park use (0.007, 0.003 – 0.011)
Bird abundance (-0.003, -0.003 – -0.002) + Intended duration of park use (0.007, 0.004 – 0.011)
Bird abundance (-0.002, -0.003 – -0.001) + Perceived bird species richness (0.317, 0.106 – 0.528)
Bird abundance (-0.002, -0.003 – -0.002) + Motivation – to socialise (0.138, 0.032 – 0.245)
Bird abundance (-0.002, -0.003 – -0.001) + Pesty bird species richness (-0.004, -0.008 – 8.913E-5)
Bird abundance (-0.003, -0.004 – -0.002)
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30.49
32.64
37.09
38.44
41.26
43.49
45.28
45.95
47.25
47.39
47.54
48.34
51.22
51.50
52.55
53.42
55.04
55.65
55.70
56.46
58.18
58.74
60.05
60.08
Δi
AICC

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
wi

29.79
27.64
23.20
21.85
19.03
16.80
15.01
14.33
13.04
12.89
12.75
11.94
9.07
8.79
7.74
6.87
5.24
4.64
4.58
3.83
1.18
1.55
0.23
0.21
ꭓ2

-17.69

0.00

0.48

37.56

-17.49
-13.05
-11.28
-8.88
-8.09

0.20
4.63
6.40
8.80
9.59

0.44
0.05
0.02
0.01
0.00

36.96
32.26
30.76
28.36
24.89

Pesty bird species richness (-0.009, -0.013 – -0.006)
Perceived bird species richness (0.559, 0.306 – 0.812)
Social nature of visit (alone) (-0.688, -1.028 – -0.348)
Motivation – to socialise (0.255, 0.122 – 0.388)
Perceived plant species richness (0.360, 0.131 – 0.589)
Intended duration of park use (0.010, 0.004 – 0.016)
Motivation – for physical exercise (0.182, 0.057 – 0.306)
Respondent age (0.219, 0.054 – 0.383)
Ethnicity (English-speaking) (0.779, 0.123 – 1.434)
Park distance from the CBD (0.019, 0.003 – 0.036)
Structural heterogeneity (0.112, 0.012 – 0.212)
Actual duration of park use (0.013, 0.001 – 0.026)
Park size (0.098, 0.001 – 0.194)
Sample bird species richness (0.036, -0.002 – 0.073)
Gender (male) (-0.785, -1.663 – 0.093)
Plant nativeness (0.003, -0.001 – 0.007)
Motivation – to get back to nature (0.147, -0.035 – 0.329)
UGS surrounding park (0.004, -0.002 – 0.011)
Flower cover (0.048, -0.028 – 0.124)
Education (≥ bachelor) (-0.380, -1.328 – 0.568)
Frequency of park use (-0.045, -0.162 – 0.072)
Sample plant species richness^ (0.112, -0.182 – 0.406)
Motivation – peace and tranquillity (0.068, -0.124 – 0.260)
Plant abundance (0.000, -0.001 – 0.001)
Distance travelled to use park (-0.034, -0.279 – 0.212)
Turf cover (0.000, -0.004 – 0.003)
Canopy cover (0.000, -0.004 – 0.004)
Constant

-0.98
2.25
4.15
5.28
7.62
7.73
9.58
10.70
11.81
11.91
12.32
12.82
13.13
13.58
13.88
14.20
14.40
15.23
15.29
16.19
16.24
16.25
16.32
16.63
16.72
16.76
16.79
14.32

Perceived restorativeness – legibility

AICC

Plant abundance (-0.001, -0.002 – -0.001) + Ethnicity (English-speaking) (0.556, 0.045 – 1.066) + Frequency of
park use (0.090, -0.008 – 0.188)
Plant abundance (-0.002, -0.002 – -0.001) + Ethnicity (English-speaking) (0.612, 0.079 – 1.146)
Plant abundance (-0.001, -0.002 – -0.001) + Frequency of park use (0.103, -0.001 – 0.207)
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16.71 0.00 17.77
19.93 0.00 14.55
21.83 0.00 12.65
22.96 0.00 11.52
25.31 0.00
8.25
25.42 0.00
9.07
27.27 0.00
7.22
28.38 0.00
6.10
29.50 0.00
4.98
29.60 0.00
4.89
30.01 0.00
4.47
30.50 0.00
3.98
30.82 0.00
3.67
31.27 0.00
3.22
31.56 0.00
2.92
31.89 0.00
2.60
32.09 0.00
2.39
32.91 0.00
1.57
32.98 0.00
1.51
33.87 0.00
0.61
33.93 0.00
0.56
33.93 0.00
0.55
34.01 0.00
0.48
34.32 0.00
0.16
34.41 0.00
0.07
34.45 0.00
0.04
34.48 0.00
0.01
32.00
Δi
wi
ꭓ2
AICC

1.41

0.00

0.35

0.35

1.59
2.75

0.19
1.34

0.32
0.18

0.32
0.18

Plant abundance (-0.002, -0.002 – -0.001)
Sample plant species richness^ (-0.550, -0.812 – -0.289)
Turf cover (0.006, 0.003 – 0.009)
Frequency of park use (0.204, 0.095 – 0.312)
Canopy cover (-0.007, -0.011 – -0.033)
Motivation – to get back to nature (-0.014, -0.028 – 0.000)
Structural heterogeneity (-0.015, -0.025 – -0.006)
Perceived plant species richness (-0.358, -0.618, -0.098)
Ethnicity (English-speaking) (0.802, 0.070 – 1.534)
Motivation – peace and tranquillity (-0.208, -0.409 – -0.008)
Motivation – for physical exercise (0.096, -0.055 – 0.247)
Gender (male) (-0.598, -1.593 – 0.397)
Intended duration of park use (-0.004, -0.012 – 0.003)
Motivation – to socialise (0.063, -0.114 – 0.240)
Park size (0.009, -0.105 – 0.122)
Respondent age (-0.011, -0.213 – 0.190)
Constant

3.60
8.31
9.34
11.56
11.91
13.77
13.95
16.22
18.44
18.84
21.22
21.37
21.52
22.24
22.70
22.71
20.25

Likelihood of restoration

AICC

Motivation – peace and tranquillity (0.392, 0.222 – 0.561) + Perceived plant species richness (0.416, 0.186 –
0.646)
Motivation – peace and tranquillity (0.415, 0.242 – 0.587) + Perceived bird species richness (0.480, 0.192 – 0.767)
Motivation – peace and tranquillity (0.352, 0.152 – 0.552) + Plant abundance (0.001, 2.885E-5 – 0.002)
Motivation – peace and tranquillity (0.421, 0.220 – 0.622)
Motivation – to get back to nature (0.364, 0.155 – 0.572)
Perceived plant species richness (0.466, 0.169 – 0.763)
Plant abundance (0.001, 0.000 – 0.002)
Turf cover (-0.005, -0.009 – -0.001)
Perceived bird species richness (0.494, 0.116 – 0.873)
Pesty bird species richness (-0.007, -0.013 – -0.002)
Sample bird species richness (0.055, 0.007 – 0.103)
Sample plant species richness^ (0.376, 0.016 – 0.736)
Canopy cover (0.005, 0.000 – 0.010)
Structural heterogeneity^ (0.126, -0.006 – 0.258)
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11.16
12.52
17.82
19.00
22.47
24.11
25.18
25.91
26.43
26.79
27.72
28.42
28.89
29.03

2.19 0.12
0.12
6.91 0.01
0.01
7.93 0.01
0.01
10.16 0.00
0.00
10.50 0.00
0.00
12.36 0.00
0.00
12.54 0.00
0.00
14.81 0.00
0.00
17.03 0.00
0.00
17.44 0.00
0.00
19.82 0.00
0.00
19.96 0.00
0.00
20.11 0.00
0.00
20.84 0.00
0.00
21.30 0.00
0.00
21.31 0.00
0.00
18.84
Δi
wi
ꭓ2
AICC
0.00
1.36
6.66
7.84
11.31
12.95
14.02
14.75
15.27
15.63
16.56
17.26
17.73
17.87

0.64
0.32
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

23.86
22.50
17.20
13.35
9.87
8.23
7.17
6.43
5.92
5.55
4.63
3.93
3.45
3.32

Actual duration of park use (0.015, -0.002 – 0.032)
Park size (0.103, -0.026 – 0.231)
Intended duration of park use (0.007, -0.002 – 0.015)
Park distance from the CBD (0.017, -0.005 – 0.040)
Gender (male) (0.799, -0.361 – 1.958)
Frequency of park use (-0.101, -0.250 – 0.048)
Flower cover* (0.061, -0.037 – 0.160)
Respondent age (0.136, -0.096 – 0.367)
Bird abundance* (-0.022, -0.063 – 0.018)
UGS surrounding park (0.003, -0.005 – 0.012)
Social nature of visit (alone) (0.185, -0.356 – 0.725)
Motivation – for physical exercise (-0.042, -0.224 – 0.139)
Plant nativeness (0.001, -0.005 – 0.006)
Motivation – to socialise (0.024, -0.185 – 0.233)
Constant

29.44
29.98
30.13
30.19
30.57
30.63
30.90
31.05
31.19
31.77
31.90
32.14
32.29
32.29
29.87

Place attachment – identity

AICC

Respondent age (0.335, 0.176 – 0.495) + Bird abundance (-0.003, -0.005 – -0.002)
Bird abundance (-0.004, -0.005 – -0.002) + Motivation – to socialise (0.204, 0.045 – 0.362)
Bird abundance (-0.003, -0.005 – -0.002) + Social nature of visit (alone) (-0.574, -1.039 – -0.110)
Bird abundance (-0.004, -0.005 – -0.003) + Park distance from the CBD (0.021, 0.003 – 0.038)
Bird abundance (-0.004, -0.005 – -0.003) + Perceived plant species richness^ (0.283, 0.023 – 0.544)
Bird abundance (-0.005, -0.006 – -0.003)
Respondent age (0.533, 0.331 – 0.735)
Social nature of visit (alone) (-1.177, -1.658 – -0.696)
Pesty bird species richness (-0.013, -0.019 – -0.007)
Motivation – for physical exercise (0.345, 0.170 – 0.520)
Motivation – to socialise (0.387, 0.183 – 0.590)
Park distance from the CBD (0.039, 0.016 – 0.063)
Perceived plant species richness^ (2.941, 1.168 – 4.713)
Perceived bird species richness (0.677, 0.250 – 1.105)
Motivation – to get back to nature (0.358, 0.099 – 0.617)
UGS surrounding park (0.011, 0.011 – 0.021)
Flower cover (0.021, 0.011 – 0.041)
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4.89
12.57
12.97
13.37
14.11
15.66
22.91
24.95
27.70
29.88
30.62
32.69
32.96
33.65
35.45
37.44
38.20

18.29 0.00
2.90
18.82 0.00
2.36
18.97 0.00
2.22
19.03 0.00
2.16
19.42 0.00
1.77
19.47 0.00
1.72
19.75 0.00
1.44
19.89 0.00
1.29
20.03 0.00
1.15
20.61 0.00
0.57
20.74 0.00
0.45
20.98 0.00
0.21
21.13 0.00
0.05
21.14 0.00
0.05
18.71
Δi
wi
ꭓ2
AICC
0.00 0.94 39.81
7.68 0.02 32.13
8.09 0.02 31.72
8.48 0.01 31.33
9.22 0.01 30.59
10.77 0.00 26.36
18.02 0.00 19.11
20.06 0.00 17.07
22.82 0.00 14.31
25.00 0.00 12.14
25.73 0.00 11.40
27.80 0.00
9.33
28.07 0.00
9.06
28.77 0.00
8.37
30.56 0.00
6.57
32.56 0.00
4.58
33.31 0.00
3.82

Actual duration of park use (0.020, 0.000 – 0.039)
Intended duration of park use (0.009, 0.000 – 0.019)
Education (≥ bachelor) (-0.975, -2.391 – 0.441)
Park size (0.097, -0.055 – 0.250)
Sample bird species richness (0.038, -0.022 – 0.097)
Gender (male) (-0.753, -2.130 – 0.624)
Motivation – peace and tranquillity (0.147, -0.144 – 0.437)
Frequency of park use (-0.082, -0.260 – 0.096)
Constant

38.24
38.73
40.25
40.50
40.51
40.89
41.05
41.22
39.54

Place attachment – dependence

AICC

Bird abundance (-0.003, -0.004 – -0.002) + Motivation – to get back to nature (0.391, 0.256 – 0.526)
Bird abundance (-0.003, -0.400 – -0.002) + Perceived plant species richness (0.526, 0.310 – 0.741)
Pesty bird species richness (-0.012, -0.016 – -0.008) + Motivation – to get back to nature (0.310, 0.149 – 0.472)
Bird abundance (-0.004, -0.005 – -0.003) + Frequency of park use (-0.200, -0.295 – -0.105)
Pesty bird species richness (-0.011, -0.016 – -0.007) + Respondent age (0.287, 0.116 – 0.457)
Bird abundance (-0.003, -0.004 – -0.002) + Perceived bird species richness (0.592, 0.297 – 0.887)
Pesty bird species richness (-0.013, -0.017 – -0.009) + Motivation – to socialise (0.220, 0.078 – 0.361)
Bird abundance (-0.003, -0.004 – -0.002) + Respondent age (0.318, 0.148 – 0.487)
Bird abundance (-0.003, -0.005 – -0.002) + Structural heterogeneity^ (0.171, 0.076 – 0.266)
Pesty bird species richness (-0.012, -0.017 – -0.008) + Social nature of visit (alone) (-0.562, -0.958 – 0.166)
Pesty bird species richness (-0.010, -0.015 – -0.004) + Bird abundance (-0.002, -0.004 – -0.001)
Pesty bird species richness (-0.015, -0.020 – -0.010)
Bird abundance (-0.004, -0.005 – -0.003)
Perceived plant species richness^ (3.796, 2.375 – 5.217)
Perceived bird species richness (0.900, 0.559 – 1.240)
Respondent age (0.493, 0.295 – 0.690)
Motivation – to get back to nature (0.491, 0.271 – 0.703)
Park distance from the CBD (0.046, 0.026 – 0.066)
Social nature of visit (alone) (-1.020, -1.509 – -0.532)
Structural heterogeneity (0.022, 0.010 – 0.034)
Motivation – to socialise (0.356, 0.159 – 0.553)
Intended duration of park use (0.014, 0.005 – 0.022)
Motivation – for physical exercise (0.227, 0.099 – 0.456)
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-2.19
2.67
4.72
6.26
7.10
7.23
8.35
8.57
9.20
9.50
9.98
13.71
17.01
19.71
20.02
21.64
23.52
23.88
25.86
28.13
28.70
30.69
31.10

33.35 0.00
3.78
33.85 0.00
3.29
35.37 0.00
1.77
35.61 0.00
1.52
35.62 0.00
1.51
36.01 0.00
1.13
36.17 0.00
0.97
36.33 0.00
0.80
34.65
Δi
wi
ꭓ2
AICC
0.00 0.85 44.41
4.86 0.08 39.19
6.92 0.03 37.13
8.45 0.01 35.59
9.29 0.01 34.76
9.43 0.01 34.62
10.54 0.00 33.50
10.76 0.00 33.29
11.39 0.00 32.66
11.69 0.00 32.36
12.18 0.00 31.87
15.90 0.00 25.50
19.20 0.00 22.17
21.90 0.00 19.47
22.21 0.00 19.16
23.83 0.00 17.54
25.72 0.00 15.65
26.08 0.00 15.30
28.06 0.00 13.32
30.33 0.00 11.04
30.90 0.00 10.47
32.89 0.00
8.48
33.29 0.00
8.08

Sample bird species richness (0.078, 0.027 – 0.129)
31.34 33.54 0.00
7.83
Actual duration of park use (0.026, 0.009 – 0.043)
31.64 33.83 0.00
7.54
UGS surrounding park (0.013, 0.004 – 0.022)
31.90 34.10 0.00
7.26
Flower cover (0.027, 0.088 – 0.045)
32.09 34.28 0.00
7.09
Sample plant species richness^ (0.544, 0.161 – 0.928)
32.30 34.49 0.00
6.88
Canopy cover (0.007, 0.001 – 0.012)
33.63 35.82 0.00
5.55
Frequency of park use (-0.190, -0.348 – -0.032)
34.10 36.30 0.00
5.08
Turf cover (-0.005, -0.009 – 3.309E-5)
35.61 37.80 0.00
3.57
Motivation – peace and tranquillity (0.238, -0.030 – 0.507)
36.29 38.48 0.00
2.89
Park size (0.122, -0.021 – 0.265)
36.50 38.69 0.00
2.68
Plant abundance (0.001, 0.000 – 0.002)
37.57 39.76 0.00
1.61
Education (≥ bachelor) (-0.763, -2.127 – 0.600)
38.00 40.19 0.00
1.18
Gender (male) (-0.703, -2.018 – 0.611)
38.10 40.29 0.00
1.08
Ethnicity (English-speaking) (0.241, -0.790 – 1.271)
38.97 41.16 0.00
0.21
Constant
36.70 38.89
Notes: UGS = urban greenspace; CBD = central business district; CI = confidence interval; AICc = Akaike's information criterion corrected for small
sample sizes; △i = difference in AICc values; wi = model weights; and ꭓ2 = the likelihood ratio chi-square, which represents the change in deviance
between the fitted model and the constant only model. ^ = log transformation. * = square root transformation. Italics indicate the CIs of a parameter
encompassed zero. Bracketed values represent parameter estimates and associated CIs. All estimates and their CIs were rounded to 3 decimal places.
Parsimony was a key determinant in model selection (i.e., fewest parameters, lowest AICc). Only multivariate models that improved the highest ranked
univariate model (i.e., lower AICC) were retained. Further, where a model with a greater number of parameters had a higher AICc value than a model
with identical, but fewer parameters, the former model was discarded when identifying the most parsimonious model. Multivariate models were
excluded from further consideration if the CIs of any parameter(s) encompassed zero. CIs that encompass zero indicate a non-significant relationship,
meaning the parameter may have no effect on the response (since its value could be zero). However, models with CIs that encompassed zero are still
presented (when the model met the parsimony criteria detailed above).
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C.17: Post hoc mediation analysis – perceived level of bird species richness as a mediator of
the relationship between sample and perceived levels of plant species richness
First, sample plant species richness was positively associated with perceived plant species
richness (β = 0.85, t (28) = 6.15, p < 0.001; c path). Second, sample plant species richness
was positively associated with perceived bird species richness (β = 0.47, t (28) = 3.24, p =
0.003; a path). Third, the mediator perceived bird species richness was positively associated
with level of perceived plant species richness (β = 0.82, t (28) = 9.40, p < 0.001; b path).
Given the a, b and c paths were significant, a mediation analysis was conducted. No support
for mediation was found given a significant association remained between sample and
perceived levels of plant species richness when controlling for level of perceived bird species
richness (β = 0.46, t (28) = 5.73, p < 0.001; c’ path; Figure C.17).

Figure C.17: Mediation analysis testing the indirect effect of exposure to parks with varying
levels of sample plant species richness on park users’ perceived level of plant species
richness, through perceived level of bird species richness.
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5

CHAPTER FIVE: DATA CHAPTER THREE

Investigating the ecological and individual factors associated with the type and strength of
affective quality attributed to city parks by users.
Abstract
Urban greenspaces, such as city parks, can vary widely in ecological characteristics,
resembling habitats as variable as football fields to rainforests. In this study, I investigate how
the type and strength of affective quality attributed to parks by park users (i.e., how people
feel about parks) is associated with objectively specifiable ecological characteristics of parks,
and individual factors characterising park users. In situ surveys were completed with n = 813
park users across n = 30 park sites in Sydney, Australia. Park users provided information on
individual factors including their socio-demographics, park use, subjective wellbeing, and
perceived level of park plant and bird species richness. Parks users also provided information
on affective quality attributed to parks. To measure how park users felt about the
environment in which they were interviewed (i.e., affective quality attributed to parks), their
level of agreement was sought that a suite of affective adjectives accurately described the
park. Each affective adjective was defined using a combination of the valence (i.e., positive
versus negative) and activation (i.e., high, medium or low) dimensions of affect. Responses
formed n = 5 affect response variables, including: exciting affect (high activated, positive
affect), distressing affect (high activated, negative affect), gloomy affect (low activated,
negative affect), relaxing affect (low activated, positive affect), and preference affect
(medium activated, positive affect). Concurrently, in situ ecological sampling of parks and a
desktop study were carried out to collect information on n = 13 ecological characteristics of
parks, including: sample plant and bird species richness and abundance, structural
heterogeneity of vegetation, canopy cover, flower cover, turf cover, plant nativeness, park
size, park distance from the urban core, amount of greenspace surrounding each park, and the
proportion of bird species classified as synanthropic (i.e., ‘pesty’ bird species richness). Three
groups of analyses were conducted to determine the ecological and/or individual factors
associated with the type and strength of affective quality attributed to parks: (i) correlation
analysis; (ii) Mann Whitney U Tests; and (iii) generalised linear modelling. Park users
reacted in an emotional way to parks. All parks were liked and relaxing to some degree; none
were boring or distressing to any degree and most were exciting to some degree. Overall,
parks were attributed affective quality that was positive (i.e., preference affect, exciting,
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relaxing) and not negative (i.e., gloomy, distressing) in valence. Moreover, parks were
attributed lower levels of high (i.e., distressing, exciting), than low (i.e., relaxing, gloomy),
activated affective quality. The type and strength of affective quality attributed to parks was
strongly associated with ecologically sampled characteristics of park plant and bird
assemblages, and park users’ perceived levels of plant and bird species richness. Univariate
generalised linear modelling indicated the strongest support that pesty bird species richness,
and perceived plant species richness, explained the type and strength of affective quality
attributed to parks by park users. Exciting affect was positively associated, whereas gloomy
affect and distressing affect were negatively associated, with increasing perceived level of
plant species richness. Preference affect and relaxing affect were negatively associated with
the increasing dominance of synanthropic bird species on park bird assemblages (i.e., pesty
bird species richness). Multivariate modelling yielded similar trends with the strongest
support found for models including parameters characterising park plant and/or bird
assemblages. Increasing the plant and bird species diversity of parks, and reducing the
prevalence of synanthropic bird species on park bird assemblages, may contribute to
supporting the affective wellbeing of park users by providing more exciting, relaxing and
liked, but less gloomy and distressing, places to visit. Through identifying the ecological
characteristics of city parks that are associated with increased positively valenced and
decreased negatively valenced affective responses, these characteristics can be manipulated
for urban residents to be attracted to spend time in, and potentially derive psychological
benefits from city park use. More research is required to determine the role the activation
dimension of affective quality attributed to parks plays in supporting the affective wellbeing
of park users. For example, determining whether high activated, positive affect (i.e., exciting
places) versus low activated, positive affect (i.e., relaxing places) attributed to park
environments differentially supports the affective wellbeing of different types of park users.
5.1

Introduction

“Every place has associated with it a mood. A place can make you react in an emotional way,
or at least, it creates some feeling. Some places are exciting, others boring; some are
terrifying, others relaxing” (Russell et al., 1981, pg. 266).
Contact with natural environments, such as city parks, has been positively associated
with affective wellbeing (in terms of how people feel within themselves / their internal
affective states) (McMahan and Estes, 2015). While there is no universal definition for
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affective wellbeing, it has been proposed that “the total amount of time a person experiences
pleasant emotions verses unpleasant emotions forms the basis of affective wellbeing” (Diener
et al., 2009, pg. 40; Diener, 2009). Mandated by local councils for passive recreation, city
parks are a globally common type of urban greenspace (UGS), characterised by open
unsealed land and its associated vegetative cover (Chapter 2), where people living in cities
can have contact with natural environments (Dunn et al., 2006). Yet city parks may support
varying plant and animal assemblages, resembling habitats as variable as football fields to
rainforests (see Chapters 3 and 4). It is currently unclear whether variations in park ecology
(e.g. high versus low vegetation complexity and species diversity) are associated with the
type and strength of individuals’ affective response to parks (in terms of how park users feel
about parks). Understanding the predictors of how individuals feel about parks with varying
ecological characteristics can provide information important to planning, designing and
managing city park plant and bird assemblages that support the affective wellbeing of park
users (e.g. more liked, exciting and relaxing places to visit; less distressing and gloomy places
to visit).
Of particular use for understanding relationships between the ecology of park
environments and park users’ (i.e., individuals’) affective response to these environments, is
the concept of social-ecological systems (SESs). A suitable framework for analysing social
and ecological outcomes of city park SESs, is the Ostrom social-ecological systems
framework (SESF; Ostrom, 2007; 2008; 2009; McGinnis and Ostrom, 2014). In Chapter 1, I
present a theoretical overview of how the predictor and response variables analysed across
chapters of my thesis might be understood as attributes of social and ecological systems
which interact (through the process of park visits and park provision) to produce social and
ecological outcomes (e.g., biodiversity, park users’ psychological outcomes and perceptions
of species diversity). In this chapter, I review the empirical evidence and/or theory supporting
the inclusion of ecological and/or individual factors hypothesised to drive variation in park
users’ reports across n = 5 psychological outcome metrics (i.e., affect response variables).
5.1.1 Theories explaining affective response to nature
Three different theories have been proposed to explain the affective (i.e., emotional) benefits
of human exposure to natural environments, and evidence has accumulated in support of each
(for review see Bratman et al., 2012; McMahan and Estes, 2015). The biophilia hypothesis
(Wilson, 1984) asserts that people have a biologically based need to affiliate with life and
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life-like processes and to feel connected to the broader natural world. When this need is met,
it is predicted that people will experience psychological benefits in the form of increased
positive and decreased negative affect (Wilson, 1984; Mayer et al., 2009). Two evolutionary
theories from the environmental psychology literature – Stress Reduction Theory (Ulrich,
1983; Ulrich, et al., 1991) and Attention Restoration Theory (Kaplan and Kaplan, 1989;
Kaplan, 1995) – provide explanations for how exposure to nature is ‘restorative’. Bratman et
al. (2012) emphasised that “ART and SRT both assert that contact with nature should induce
positive affect, either through the replenishment of directed attention (and the relief and
relaxation that this brings) or through the benefits of reduced stress” (pg. 122). These
theories focus on explaining how and why presently experienced internal emotional/affective
states are associated with exposure to natural environments. Yet, internal emotional/affective
states are conceptually difficult to directly associate with exposure to specific ecological
characteristics of natural environments (section 5.1.3).
5.1.2 Evidence supporting that human exposure to nature is beneficial for emotional
wellbeing
Brief exposure to natural environments has been shown in a meta-analysis of 32 studies
(measuring presently experienced internal affective states of n = 2356 respondents) to
improve affective wellbeing (McMahan and Estes, 2015). That is, compared to urban
comparison conditions, exposure to natural environment conditions was found to be
“associated with a moderate increase in positive affect and a smaller, yet consistent,
decrease in negative affect” (McMahan and Estes, 2015, pg. 2). In turn, McMahan and Estes
suggested that “the beneficial effects of nature on emotional wellbeing are primarily driven
by increases in positive affect and, only to a lesser extent, decreases in negative affect”
(2015, pg. 18). Gender, and a broad classification of the type of environment respondents
were exposed to (i.e., ‘UGS’ versus ‘wilderness area’), did not moderate the effect size of
nature exposure on positive affect. However, larger effect sizes were observed in studies
investigating older adults. Effect sizes also varied depending on the instrument used to
measure affect, leading McMahan and Estes to suggest “the elements present in natural
environments likely elicit a specific suite of emotions that are differentially tapped by
[different] instruments” (2015, pg. 22). For example, the Positive and Negative Affect
Schedule (PANAS; Watson, 1988) was commonly used across studies in McMahan and
Estes’ (2015) meta-review. The PANAS instrument measures ‘activated’ positive and
negative affects (e.g. excited and distressed, respectively), whereas ‘deactivated’ positive and
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negative affects are not tapped (e.g. relaxed and gloomy, respectively) (see Figure 5.1;
Russell and Carroll, 1996; Denier, 2009). Moreover, few studies have investigated specific
positive emotions (e.g. interest) associated with exposure to natural environments (McMahan
and Estes, 2015). Determining whether a broad range of affective responses are associated
with specific ecological characteristics of natural environments can “provide a more nuanced
picture of the effect of nature on emotional wellbeing” (McMahan and Estes, 2015, pg. 23).
5.1.3 Priorities for research investigating affective response to natural environments
It is difficult to associate a park user’s presently experienced internal emotional/affective
state (how park users feel within themselves) to the ecological characteristics of a park using
in situ sampling. One reason for this is that park users may experience a range of internal
affective states while using parks (e.g. excited, relaxed, distressed or gloomy) due to a range
of exogenous factors (e.g. pregnancy, exercise, financial issues, low job satisfaction)
unrelated to the ecological characteristics of parks they are exposed to. A more plausible
approach to understanding whether park users’ affective response is associated with varying
ecological characteristics of natural environments involves measuring how park users feel
about park environments (i.e., affective quality attributed to place; Russell and Pratt, 1980).
While urban planners may have limited influence over exogenous factors influencing how
park users feel within themselves during park use, they may have considerable influence over
how park users feel about park environments depending on the ecological characteristics
mandated in park management plans (Hull and Harvey, 1989). Hence, through planning,
designing and managing the ecological characteristics of natural environments that promote
increased positive and decreased negative affective quality attributed to parks, park planners
and managers may be able to support the affective wellbeing of park users.
Three major issues have prevented a detailed understanding of whether the type and
strength of affective response that people experience is associated with exposure to natural
environments with varying ecological characteristics. First, most studies have measured
presently experienced internal affective states of respondents when exposed to different types
of environments, using scales such as the PANAS (e.g. “to what extent do you feel excited,
distressed”?) (Velarde et al., 2007; McMahan and Estes, 2015). Measuring how people feel
about environments (i.e., the affective quality of an environment) with varying ecological
characteristics has received considerably less attention (e.g. Hull and Harvey, 1989). Second,
where researchers have investigated the affective quality of natural environments with
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varying levels of ecological characteristics, the focus has typically been limited to measuring
level of liking (i.e., preference affect) – which is viewed synonymously with the pleasantness
dimension, or valence component, of emotion (Russell et al., 1981; Ulrich, 1983). Few
researchers (e.g. Hull and Harvey, 1989) have attempted to measure a complete description of
affective quality attributed to natural environments (Russell and Pratt, 1980). Third, most
researchers have compared affective response between ‘urban’ versus ‘natural’ comparison
conditions, or across broad categories of ‘natural’ environments (e.g. ‘UGS’ versus
‘wilderness area’; Velarde et al., 2007; Jorgensen and Gobster, 2010; Bowler et al., 2010;
McMahan and Estes, 2015). Such broad categories prevent a detailed understanding of
whether exposure to natural environments with varying ecological characteristics is
associated with varying affective responses.
To address these limitations, research which focusses on exploring affective responses
to environments is needed. Indeed, use of the Scales of Affective Quality Attributed to Place
(SAQAP; Russell and Pratt, 1980) in future research may address the above outlined research
limitations. The SAQAP measures self-reported level of agreement that a suite of affective
adjectives (e.g. exciting, distressing, gloomy, and relaxing) accurately describe how a person
feels about a given environment or place, such as a park (i.e., place affect). The SAQAP can
be used by researchers to break down broad categories of natural environments to
“understand how objectively specifiable properties of environments produce a given affective
reaction” (Russell and Pratt, 1980, pg. 321). Each scale from the SAQAP can be used as a
response variable and the ecological characteristics of parks can be surveyed and used as
predictor variables. Also, measuring affective response using the SAQAP provides a
complete description of affect; as opposed to focussing narrowly on either the valence (e.g.
preference affect) or activation (e.g. the high activated PANAS; Watson et al., 1988)
dimensions of emotion (Figure 5.1). In turn, the SAQAP may assist in determining how the
type and strength of affective quality attributed to natural environments is associated with
exposure to natural environments with varying ecological characteristics.
5.1.4 Development of the SAQAP to measure affective quality attributed to natural
environments
There are many adjectives in the English language that are commonly used to describe
place(s); both natural and man-made (Russell et al., 1981). Researchers investigating the
affective quality of natural environments (Craik, 1971; Russell and Pratt, 1980; Russell,
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1980) have attempted to isolate affective adjectives considered to have “a clear affective
meaning, but little to no perceptual/cognitive meaning relevant to the description of physical
environments” (Russell et al., 1981, pg. 265). With regards to affective quality attributed to
natural environments, ‘affect’ is defined as “emotion expressed in language” (Russell and
Pratt, 1980, pg. 311), or “the semantic representation of emotion” (Russell et al., 1981, pg.
282). The affective quality of a natural environment is defined as “the emotion-inducing
quality that persons verbally attribute to that place” (Russell and Pratt, 1980, pg. 312).
Building on the Circumplex Model of Affect (Russell, 1980), Russell et al. (1981)
proposed a two-dimensional, bipolar space (Figure 5.1) that “provides a description of the
structure underlying the vast array of English terms descriptive of the affective quality of
places” (pg. 279). It bears mentioning that the Circumplex Model of Affect and the SAQAP
have the same dimension structure (i.e., defined by valence and activation).
Russell and colleagues consider affect to be multidimensional, and propose that
affective adjectives (i.e., words) can be defined using two components: valence and
activation (Russell and Pratt, 1980; Russell et al., 1981; Russell and Carroll, 1999). Valence
is the first component required, which is variously called hedonic quality, pleasant–
unpleasant quality, positive–negative quality, positive affect–negative affect (Russell and
Carroll, 1999). Valence can be used to define words as ‘pleasant’ (e.g. ‘exciting’, ‘relaxing’)
or ‘unpleasant’ (e.g. ‘distressing’, ‘gloomy’). Pleasant affect is termed ‘positive’; unpleasant
affect ‘negative’. Yet the valence component alone insufficiently captures the diversity of
different types of pleasant and unpleasant words because “both pleasant and unpleasant
words can vary in the level of activation that they imply” (Russell and Carroll, 1999, pg. 6).
Hence, activation is the second component required to define words (variously called arousalunarousal; arousal-sleepy; activity; Russell and Carroll, 1999).
Figure 5.1 exemplifies how both the valence (i.e., positive versus negative) and
activation (i.e. high, medium, low) dimensions are used to define affective adjectives (Russell
and Carroll, 1996, pg. 7). Positive affective adjectives appear on the right hand side and
negative affective adjectives on the left hand side (x axis; valence), and are further classified
as high, medium or low in activation (y axis; activation) (Figure 5.1). Exciting is a high
activated, positive word; pleasant is a medium activated, positive word; relaxing is a low
activated, positive word; distressing is a high activated, negative word; unpleasant is a
medium activated, negative word; and, gloomy is a low activated, negative word. Russell et
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al. (1981) contend that the geometric representation of affect in Figure 5.1 is adequately
defined by the two independent bipolar dimensions pleasant-unpleasant quality and
arousing-sleepy quality. However, by rotating the axis 45 degrees, two additional
independent bipolar dimensions are produced (exciting-gloomy quality and distressingrelaxing quality), which are equally capable of defining the space in Figure 5.1 (Russell et al.,
1981). Russell et al’s (1981) representation of affective meaning proposes that the affective
dimensions defining the structure (i.e., pleasant-unpleasant quality and arousing-sleepy
quality) are bipolar and independent of one another. Affective adjectives do not cluster
around the pleasant-unpleasant quality and arousing-sleepy quality dimensions, and instead
are defined as combinations of the valence and activation dimensions. For example, places
that are both pleasant and arousing are exciting; unpleasant and unarousing are boring;
arousing and unpleasant are distressing; and, pleasant and unarousing are relaxing.
Use of the SAQAP to measure affective quality attributed to parks may therefore
yield a more nuanced understanding of the specific ecological characteristics of parks (if any)
that are associated with specific types or strengths of feelings about parks.
5.1.5 Ulrich’s SRT – explaining aesthetic and affective response to natural
environments
Ulrich’s SRT provides an explanation of how visual perception of natural environments with
different natural stimuli or configurations may elicit different aesthetic and affective
responses (Ulrich, 1983; Ulrich et al., 1991). There are clear differences between Ulrich’s
SRT and Russell and colleagues conceptualisation of affective quality attributed to place;
both with regards to how affective response to natural environments is theorised and
measured.
Ulrich (1983) defines ‘affect’ synonymously with emotion, and does not distinguish
between moods and emotions. ‘Aesthetic preference’ is defined as an “affect within the broad
pleasantness dimension of emotion” (Ulrich, 1983, pg. 87). ‘Aesthetic response’ is defined as
“preference or like-dislike affect in association with pleasurable feelings and
neurophysiological activity elicited by visual encounter with a natural setting” (Ulrich, 1983,
pg. 87). SRT proposes that, upon viewing natural environments, the first level of reaction is
precognitive generalised affect (e.g. presently felt like-dislike emotion) to characteristics of
an environment (i.e., visual stimuli such as level of complexity, type of ground surface
texture, and broad content classes such as built/man-made and vegetation). Visual stimuli are
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hypothesised to be perceived quickly and with very little processing, resulting in an initial
affective reaction which motivates behaviour and impulses (e.g. approach versus avoid;
Ulrich, 1983). According to Ulrich, this “initial affective reaction produces arousal in the
electrocortical and autonomic systems, thereby mobilising the individual for sustaining or
undertaking behaviour” (1983, pg. 92). Conversely, Russell et al. (1981) define ‘arousal’ as
“a dimension of verbally reportable feelings, a dimension of affect, and not to physiological
arousal, behavioural intensity, or some other similar concept” (pg. 279).
Hence, there is a clear distinction between how arousal is viewed by Russell and
colleagues when measuring affective quality attributed to place (i.e., affective adjectives
describing arousing-sleepy quality attributed to places), as compared to how arousal is
viewed in SRT (i.e., as a psycho-physiological process). Nonetheless, SRT provides detailed
explanations and predictions for how a park user’s aesthetic (preference affect) and broader
affective response to city parks may be associated with varying ecological characteristics
(termed ‘visual stimuli’) of parks and individual factors characterising park users.
Drawing on work by Zajonc (1980), Ulrich (1983) proposed that the quality and
intensity of affective reactions elicited from characteristics of natural environments may be
influenced by previous experience with stimuli of the same general class and a person’s
affective state immediately prior to nature exposure. Mehrabian and Russell (1974) also
suggested past experiences and previous moods may influence affective response. Therefore,
two individual factors which I hypothesise may be associated with the level of affective
quality attributed to parks include how frequently a respondent uses a park site (previous
experience with stimuli/past experiences) and a respondent’s affective state prior to park use
(e.g. positive and negative affect experienced over the past month; I-PANAS-SF, Thompson,
2007).
5.1.6 Ecological characteristics associated with affective quality attributed to natural
environments
In an Australian study (Hull and Harvey, 1989) using photographic stimuli of parks with
varying ecological characteristics, n = 60 adults (>15 years of age) were asked to imagine
how they would feel if spending a free hour at each park. Respondents rated the
appropriateness of a series of words to describe that feeling, using items from the pleasure
(pleasant, beautiful, pretty, uncomfortable, dissatisfying, repulsive) and arousal (lazy,
drowsy, slow) scales of the SAQAP (Hull and Harvey, 1989). In general, pleasure affect
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increased with increasing tree density and decreasing understory vegetation density, whereas
arousal affect increased with increasing understory vegetation density. Hence, increasing
understory vegetation density increased the level of activation but decreased the level of
valence of affective response variables, suggesting specific ecological characteristics may be
associated with contrasting affective responses.
In a study of n = 1411 respondents in England, Hoyle et al. (2017) used Russell’s
(1980) Circumplex Model of Affect to interpret associations between respondents’ affective
response and in situ exposure to varying landscape stimuli of botanical garden plantings.
Hoyle et al. (2017) reported that different landscape stimuli promoted contrasting affective
responses. “Bright, vivid, flowering displays of planting [were] associated with a positive
activated state associated with ‘excitement’ and ‘elation’… subtle green planting induces the
positive deactivated affective responses described in the Circumplex Model [of Affect]”
(Hoyle et al., 2017, pg. 120). Level of agreement with statements such as “this planting is
attractive / interesting” and semi-structured interview questions such as “which of the two
plantings would be most relaxing to walk through” (Hoyle et al., 2017) were used. Although
the SAQAP were not used, this study provides additional evidence that colourful, flowering
plantings versus subtle green plantings were associated with contrasting affective responses
with regards to high and low activation, respectively; but not valence, which remained
positive.
In a UK study using photographs of environments, White et al. (2010, study 1)
solicited ratings from n = 40 participants (aged 18 – 63) using the valence component of the
Circumplex Model of Affect. Respondents were asked “how does this photo make you feel”
and directed to respond on a scale where (0) = very sad – (10) = very happy. Preference
affect for the environment was also measured, using the statement “how attractive do you find
this scene”. Four scenes rated by respondents were: built only content, majority built with
some green content, majority green with some built content, and green only content. White et
al. (2010) reported a dose-response relationship; as the amount of greenspace in a scene
increased to replace built content, reports of both preference affect, and reported level of
happiness affect, significantly increased. Given vegetation is a broad content type that has
been positively associated with higher preference affect than man-made or built content
(White et al., 2010), it is possible that increasing level of urbanisation surrounding a park
may negatively influence park users level of liking for a park.
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Ulrich (1983) proposed that, while most natural environments should be liked, level
of liking for natural scenes (i.e., high versus low preference affect) may be further influenced
by certain properties including the type of groundcover and level of complexity.
Homogeneous groundcovers should be associated with high preference, whereas rough,
uneven ground surfaces should be associated with low preference (Ulrich, 1983). As mown
turf is a particularly homogeneous ground surface, increasing amounts of mown turf covering
a park site may be positively associated with preference affect. Complexity refers to the
number of independently perceived elements in a scene (Ulrich, 1983). Preference for a
natural scene should be (i) high when complexity is moderate to high and order or patterning
is present, and (ii) low when complexity is low, or high but unstructured (Ulrich, 1983).
Therefore measures of increasing vegetation complexity may be positively associated with
preference affect (e.g. structural heterogeneity, plant abundance, canopy cover). However, in
my study, mown turf was negatively associated with indicators of increasing vegetation
complexity, suggesting there is some contention around these predictions (see Chapters 3 and
4). Kuo et al. (1999) found preference affect increased with increasing tree density in a study
of public housing greenspace (n = 100 residents) in the United States. In a Scandinavian
study of n = 52 respondents (> 18 years of age), Nordh et al. (2009) found that preference
affect was negatively associated with an increasing proportion of a park image covered by
hardscape cover and positively associated with increasing grass cover, plant groundcover and
tree cover.
Ulrich (1983) also proposed that plant species richness may be a surrogate indicator
of complexity (Ulrich, 1983). Higher plant species richness has been negatively (Qiu et al.,
2015) and positively (Lindemann-Matthies et al., 2010; Southon et al., 2017) associated with
preference affect; though the former study investigated broad habitat types and the latter
studies meadow and grassland arrays, respectively. It is also possible that affective quality
attributed to parks is more closely associated with perceived, as opposed to ecologically
sampled, levels of species diversity. For example, park users may report higher preference
affect when they perceive moderate to high levels of species diversity (i.e., independently
perceived elements) and lower preference affect when perceived species diversity is low
(Ulrich, 1983). Indeed, two UK studies (Fuller et al., 2007; Dallimer et al., 2012) found
positive associations between park users’ reports across constructs indicative of positive
psychological functioning and perceived levels of species richness. Also, Stigsdotter and
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Grahn (2011) found that, for highly stressed respondents, the perceived sensory dimension
‘rich in species’ contributed positively to preference for natural environments.
City parks provide opportunities for park users to see and hear birds, and
characteristics of park bird assemblages may be associated with park users’ affective
response to parks. In Chapter 3, I found that bird species richness varied across park sites,
suggesting park users would likely encounter substantially different bird assemblages
depending on the park site they visited, and that species diversity may be low. Wandersee and
Schussler’s (1999) theory of plant blindness suggests that compared to plants, people tend to
like animals more, know more about animals, and may perceive park vegetation merely as a
background to animal life. Birdwatching is an increasingly popular activity in many western
countries (Connell, 2009) and millions of people worldwide provide supplementary food to
wild birds in residential gardens (Fuller et al., 2008). Bird feeders value species traits such as
colour/aesthetics when interacting with bird species they feed in residential gardens (Brock et
al., 2017). A higher level of afternoon bird abundance (but not bird species richness) of
residential neighbourhoods in England has been positively associated with lower population
prevalence of stress, depression and anxiety (n = 263 respondents; Cox et al., 2017). Hearing
a larger diversity of birds singing has been associated with increased appreciation of urban
settings (Hedblom et al., 2014). Similarly, Clergeau (2001) found that people living in cities
noticed birds and appreciated their presence. A New Zealand study of n = 40 respondents
reported mood benefits from visiting a birdwatching attraction, albeit penguins, which are
unlikely to be encountered in city parks (Schänzel and McIntosh, 2010).
I also found some evidence in Chapter 3 that aggressive, large-bodied synanthropic
bird species dominated city park sites, suggesting that park users were likely to encounter
bird assemblages characterised by these traits. It is important to recognise that not all bird
species park users encounter in city parks will necessarily be desirable, liked or positively
valued by people; constituting pesty species (Clergeau et al., 2001; Johnston, 2001;
Haythorpe, 2014; Brock et al., 2017). The Noisy Miner (Manorina melanocephala) can be
aggressive (Parsons et al., 2006; Haythorpe et al., 2014), Common Mynas (Acridotheres
tristis) are typically disliked and the subject of public hostility and eradication programs
(Parsons et al., 2006; Haythorpe, 2014; Haythorpe et al., 2014), while large amounts of
accumulated excrement from Rock Doves (Columba livia) can pose a health risk (Graczyk et
al., 2007). The Australian White Ibis (Threskiornis molucca), Australian Raven (Corvus
coronoides) and Silver Gull (Chroicocephalus novaehollandiae) may intimidate urban
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residents when scavenging for food from public eateries and garbage bins (Macinnis, 2012;
Martin et al., 2012). Hence, ecologically sampled characteristics of park bird assemblages,
such as (i) the proportion of synanthropic bird species dominating park bird assemblages (i.e.,
pesty bird species richness), (ii) total bird species richness, or (iii) bird abundance, may be
associated with the type and strength of affective quality attributed to parks.
Preference affect has also been associated with plant traits such as flower cover and
‘nativeness’. Haviland-Jones et al. (2005) suggested that human exposure to flowers may
rapidly induce positive emotions (i.e., in valence). Two studies reported both immediate and
long term positive effects on emotional reactions and mood when people were presented with
flowers (Haviland-Jones et al., 2005). Nordh et al. (2009) found preference affect was
positively associated with increasing proportion of park photographs containing flowering
plants. In an Australian study of domestic garden plants, Kendal et al. (2012) reported that
different people preferred different types of plants that could be characterised by specific
plant traits. Some people liked larger flowers and higher flower coverage whereas others
strongly disliked Australian native plant species (Kendal et al., 2012). Compared to nonnative plants, Australian native vegetation is generally distinct and characterised by smaller
flowers and narrower foliage that is a dull or grey-green colour (Kendal et al., 2012). Some
people may not like native Australian vegetation (see Holmes et al., 2004), and higher
preference for some genus (e.g. Eucalyptus) has been identified over others (e.g.
Casuarina/Allocasuarina) (Williams and Cary, 2002). These studies suggest preference
affect may be associated with plant traits such as the proportion of flower cover in parks and
the proportion of plant species classified as native to Australia.
Nordh et al. (2009) found a positive association between respondents’ perceived size
of parks (determined from photographs) and preference affect, suggesting that affective
quality attributed to parks by in situ park users may be associated with objectively measured
park size.
The above reviewed literature suggests that variations in the ecological characteristics
of parks may influence the type and strength of affective quality that people attribute to city
park environments.
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5.1.7 Aims and research question
In this Chapter, I aim to examine the extent to which preference affect, and the place affect
components exciting, distressing, gloomy, and relaxing, are related to a suite of variables
characterising the ecological attributes of parks and/or individual factors characterising park
users. While past research suggests some links between these factors, there is insufficient
evidence to have meaningful, tightly specified hypotheses. Moreover, there are mixed results
in the literature to date, and I included a broad range of individual and ecological variables to
better explore complex relationships between these factors and affective responses variables.
Hence, I utilise the following research question to guide the research presented in this
chapter:
1. What ecological and/or individual factors are associated with preference affect,
and the place affect components exciting, distressing, gloomy, and relaxing?
5.2

Methods

5.2.1 Park site and respondent selection
Park site (n = 30) and respondent selection (n = 849) followed the same procedures outlined
in Chapter 4.
5.2.2 Data collection, data handling and statistical analyses
There were six categories of variables of interest to this study (i.e., A – F; see Chapter 4).
Data collection and data handling for these variables followed the same procedures outlined
in Chapter 4 (i.e., social and ecological sampling of city parks in Sydney, Australia).
Data were analysed at two levels in this Chapter (i.e., Chapter 5):
1. Across a binary classification of park type that accounted for the different
ecological characteristics of parks identified in Chapter 3 (i.e., n = 24 common
parks hosting ≤ 35 plant species versus n = 6 rare parks hosting > 35 plant
species).
2. At the park level across n = 30 park sites. Mean park level variables were used
because it was necessary to account for data being clustered (i.e., n = 813
respondents interviewed across n = 30 park sites, ranging between 16 – 33
respondents per park).
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Three groups of analyses were conducted to determine whether n = 5 psychological
outcome metrics reported by park users during a visit to parks (i.e., Category A variables)
were related to the ecological characteristics of parks (i.e., Category F variables) and/or
individual factors characterising park users (i.e., category B – E variables):
1. A park level (n = 30) correlation analysis was computed across Category A – F
variables. Spearman’s correlations were computed in SPSS v. 24 (IBM Corp,
2016) between all categories of variables (i.e., A – F) at the park level (n = 30).
Bonferroni corrections were calculated and correlations are reported at the
significance level p < 0.05 (n = 30, rs > ± 0.58), unless otherwise stated. The
correlation matrix is presented in Appendix C.7.
2. A series of Mann Whitney U Tests (to allow for non-normality of data) was
carried out to determine whether the mean ranks of common versus rare parks
differed significantly between all variables across categories A – F. To do so, the
n = 6 rare parks were dummy coded as ‘group 1’ and the n = 24 common parks
were dummy coded as ‘group 0’ (Chapter 3). Visual inspection identified
dissimilar distributions between groups across all variables. Hence, statistically
significant differences between the mean ranks of groups are reported for each
variable (instead of the median) using an exact sampling distribution for U
(Dinneen and Blakesley, 1973). The Mann Whitney U Test statistics are presented
in Chapter 4 (Table 4.4); p-values are presented in text using the significance level
of p ≤ 0.05.
3. Generalised linear modelling was performed at the park level (n = 30) to analyse
how n = 5 affect response variables were related to the following suite of predictor
variables: n = 7 individual factors characterising park users, and n = 13 ecological
variables characterising city park sites.

In this Chapter, I present full results from these analyses for the following n = 5
psychological outcome metrics: preference affect and place affect components exciting,
distressing, gloomy and relaxing. Analysis of the remaining n = 8 psychological outcome
metrics are presented in Chapter 4.
For the positioning of variables grouped across categories A – F within the Ostrom
Social-Ecological Systems Framework (Ostrom, 2009; McGinnis and Ostrom, 2014), see
Chapter 1 (Appendices AA.3 and AA.7.9). Variables listed in categories A – E below are
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micro-level Actor attributes characterising individual park users (i.e., individual factors).
Category F contains variables characterising the ecological attributes of parks (i.e., Resource
Systems, Resource Units and Related Ecosystems first-tier variables).
5.2.3 Generalised linear modelling
An in situ, researcher administered, survey was conducted with n = 813 park users to
collected data on the n = 5 affect response variables and the n = 7 individual factors that were
hypothesised predictor variables. In situ ecological sampling and a desktop study were used
to collect information on n = 13 ecological predictor variables. Full details on data
transformations and variable calculations for all variables used in generalised linear
modelling are provided in Chapter 4.
5.2.3.1 Response variables (n = 5)
There were n = 5 affect response variables.
To measure park users’ level of liking for a park (i.e., preference affect), the single
item measure from Nordh et al. (2009) was used. Respondents were asked: “Please indicate
how strongly you agree or disagree with the following statement about your experience at
this park/garden: you like this park / garden?” Responses were on a seven point response
scale where 1 = strongly disagree, 2 = disagree, 3 = disagree somewhat, 4 = neutral, 5 = agree
somewhat, 6 = agree, and 7 = strongly agree.
To measure affective quality attributed to parks (i.e., place affect), 12 items were
selected from Russell and Pratt’s SAQAP (1980). Three items (i.e., affective descriptors)
were selected to measure each of the following four scales: (i) exciting (stimulating, exciting,
and interesting); (ii) gloomy (dull, monotonous and boring); (iii) distressing (tense, hectic,
and rushed); and (iv) relaxing (serene, peaceful, and calm). Respondents were asked: “How
strongly do you agree or disagree the word ‘x’ accurately describes this park / garden?”
Respondents were directed to use the same seven point Likert scale described above for
preference affect.
I did not directly measure the activation (i.e., arousal) dimension of affect using the
arousal-sleepy scales. This was because I did not consider affective adjectives from the
arousal (i.e., intense, arousing, active, alive and forceful) or sleepy (i.e., inactive, drowsy,
idle, lazy, slow) scales to be relevant affective descriptors of park settings to which park users
could relate. There was little reason to expect that park users would consider it appropriate to
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describe parks using any of the items from the sleepy scale. Regarding the arousal scale,
previous research by Hull and Harvey (1989) indicated the ‘alive’ and ‘active’ items loaded
unexpectedly and were unsuitable for park settings. Hence, I did not consider it appropriate to
explicitly measure the activation dimension of affect using affective descriptors from the
arousing-sleepy scale.
Nonetheless, as indicated in section 5.1.4, the exciting-gloomy and relaxingdistressing scales are equally capable of defining the bipolar space in Figure 5.1 (Russell and
Pratt, 1980). These scales are defined using a combination of the activation and valence
dimensions of affect. That is, the affective descriptors making up the (i) exciting and
distressing scales are defined as high activated affects, and (ii) gloomy and relaxing scales are
defined as low activated affects. Valence cannot be put aside, because exciting and relaxing
affects are defined as positive, whereas distressing and gloomy affects are defined as
negative. Hence, despite not explicitly measuring the activation dimension affect (i.e., the
arousal-sleepy scales), a more nuanced understanding of affective quality attributed to parks
beyond the valence dimension of affect is still achieved. This is because the excitingdistressing and gloomy-relaxing scales vary in the level of activation they imply (i.e., high
versus low activation).
Psychometric analysis indicated that each multi-item SAQAP component (i.e.,
exciting, distressing, gloomy and relaxing) was reliable and valid. The Cronbach’s alpha for
each scale was acceptable, ranging between moderate to strong (𝛼 = 0.71 – 0.87), with no
evidence to suggest that removal of any item would have improved the overall reliability of
any scale. Principal component analysis showed that all n = 5 affect items loaded well and as
expected to a priori measures (see Appendix C.5 for detailed psychometric analysis).
5.2.3.2 Predictor variables (n = 20)
There were n = 7 individual factors characterising park users that were modelled as predictor
variables.
Frequency of park use (i.e., site use of the specific park a respondent was interviewed
in) was measured categorically using the stem question: “How often do you usually visit this
park/garden?” Frequency of park use was explored as a contributing factor to a park user’s
affective response to parks because previous experience with stimuli of the same general
class (Ulrich, 1983) or past experiences (Mehrabian and Russell, 1974) may influence
affective response.
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Prior positive affective state (experienced over the past month) and prior negative
affective state (experienced over the past month) were measured separately (i.e., n = 2
predictor variables) using the ten item International Positive and Negative Affect Schedule –
Short Form (I-PANAS-SF; Thompson, 2007). This scale measures high activated positive
and negative affect items (Figure 5.1), and was included to explore the influence of previous
moods (Mehrabian and Russell, 1974) / affective states prior to park use (Ulrich, 1983) on
affective quality attributed to parks. Respondents were asked the following stem question:
“Thinking about yourself and how you normally feel, to what extent have you felt over the
past month?”: (i) n = 5 positive affect items (alert, inspired, determined, attentive, active);
and (ii) n = 5 negative affect items, including (upset, hostile, ashamed, nervous, afraid).
Psychometric analysis indicated the I-PANAS-SF construct was reliable and valid (see
Appendix C.5 for full psychometric analysis).
Perceived plant species richness and perceived bird species richness were measured
separately (i.e., n = 2 predictor variables) using the following two questions and response
scales adapted from Dallimer et al. (2012): 1) “How many plant species do you think there
are in the park today?” (A = < 20 plant species; B = 20 – 100 plant species; C = 101 – 300
plant species; D = > 300 plant species); and, 2) “How many bird species do you think there
are in the park today?” (A = < 5 bird species; B = 5 – 12 bird species; C = 13 – 30 bird
species; D = > 30 bird species). See Chapter 4 for full details (section 4.2.2).
Respondent age and gender were measured categorically using the stem questions: (i)
“Do you mind if I record your age?”; and (ii) “Do you mind if I record your gender as
male/female?” These two individual factors characterising the socio-demographics of park
users were included as predictor variables in generalised linear modelling because Mann
Whitney U Tests indicated that the mean rank of rare and common parks differed
significantly across the n = 5 affect response variables, respondent age, and proportion of
male park users (see Chapter 4).
There were n = 13 ecological predictor variables: sample plant species richness; plant
abundance; structural heterogeneity; canopy cover; turf cover; flower cover; sample bird
species richness; bird abundance; park size; park distance from the central business district
(CBD); amount of UGS in a 1 km radius of each park; plant ‘nativeness’; and ‘pesty’ bird
species richness. Detailed ecological sampling methods are provided in Chapters 3 and 4.
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To create the ‘pesty’ bird species richness variable, I assigned n = 6 species observed
across my park sites (Chapter 3) to this category. Assignment to this category was based on
the classification of species according to their “synanthropy” (i.e., association to humans and
urban landscapes) or particular species’ traits that can be used to characterise synanthropic
birds (e.g. exotic species) (Guette et al., 2017). These species included the Silver Gull
(Chroicocephalus novaehollandiae; Auman et al., 2011, and references therein), Australian
White Ibis (Threskiornis molucca; Martin et al., 2007; 2010), Noisy Miner (Manorina
melanocephala; Parsons et al., 2006; Haythorpe et al., 2014), Common Myna (Sturnus tristis;
Parsons et al., 2006; Haythorpe, 2014; Haythorpe et al., 2014) and Rock Dove (Columba
livia; Taylor et al., 2013). Given documented Corvid associations with human settlements –
both overseas (e.g. North America (Marzluff and Naetherlin, 2006) and Europe (Preininger et
al., 2019)) and in Australian metropolitan areas (e.g. Perth; Stewart, 1997) – I also classified
the Australian Raven (Corvus coronoides) as a synanthropic species. The percent of bird
species identified in each park that were classified as ‘pesty species’ was calculated from
total bird species counts per park. For example, a park with four bird species, two of which
were assigned to the synanthropic bird species category, yielded a score of 50% on the
‘pesty’ bird species richness variable.
5.2.3.3 Missing data and socio-demographics
At the respondent level (n = 813 respondents), the proportion of missing data was minimal
(0.53%) across the n = 28 survey items which formed n = 12 variables (i.e., SAQAP
components exciting, distressing, gloomy and relaxing; preference affect; perceived plant and
perceived bird species richness; prior negative and positive affect (I-PANAS-SF); frequency
of park use; respondent age; and, respondent gender) used in GLMs. No attempt was made to
impute missing values across these n = 28 survey items at the respondent level. GLMs were
conducted at the park level to account for clustered data (i.e., n = 16 – 32 respondents
interviewed across n = 30 parks), and the proportion of missing values across park level
means for these n = 12 response variables was 0%. The proportion of missing data for park
level ecological variables was also 0%. Details on the socio-demographic profile of park
users were collected and analysed in Chapter 4.
5.2.3.4 Assumptions testing
No data transformation across any response variable (n = 5) was necessary. Exploratory
scatter plots were used to confirm a linear relationship between all response and predictor
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variable combinations. Non-linear combinations were discarded from further analysis. An
assumption of generalised linear models (GLMs) is that the residuals are normally
distributed; hence histograms and/or Q-Q plots were generated for each model to visually
inspect for approximately normally distributed residuals. Where residuals were not normally
distributed, models were re-run with either a log or square root transformed predictor
variable(s) to achieve normality, or else the model was discarded. For univariate GLMs, nonlinear variable combinations and GLM that were discarded due to non-normally distributed
residuals are noted in Table 5.1. A Spearman’s correlation matrix identified that many
predictor variables were significantly correlated (Appendix C.7). In turn, only pair-wise
predictor variable combinations with a correlation < ± 0.60 were selected for inclusion in
multivariate GLMs. This is a conservative approach given that a common threshold used is <
± 0.70 (see Dormann et al., 2013).
5.2.3.5 Model development and interpretation
A suite of univariate and multivariate GLMs were constructed to explore the individual and
ecological factors hypothesised to influence n = 5 affect response variables, presented in this
chapter. An Information-Theoretic (I-T) approach was used to provide a formal measure of
strength and support for each competing model (Burnham and Anderson, 2002; Burnham et
al., 2011). A GLM was used to compare alternative explanatory models against each response
variable. Competing models were ranked using Akaike Information Criterion values (AICC;
where C = corrected for small sample size < 40). A smaller AICC value indicates a better
model fit within a group of models explaining a response variable. A null model (constant
only) was also produced to assess overall fit of candidate models. For each response, the
difference in AICc values (Δi) between the best fitting model (i.e., lowest AICC) and all other
models was calculated. As a course guide to interpreting competing models, Symonds and
Moussalli (2011) suggest that models with a Δi < 2 are considered to have substantial support,
models with a Δi up to 6 may warrant consideration (Richards, 2005), and models with a Δi
AICC > 10 are sufficiently poorer than the best ranked AICC model that they may be
discounted from further consideration (Burnham and Anderson, 2002).
First, the above listed suite of individual factors (n = 7) and ecological variables (n =
13) were modelled separately (i.e., one at a time) as predictors of each response variable (i.e.,
univariate GLMs). This provided a relative indication of the explanatory power of (often
highly correlated) predictor variables. A summary of results from univariate GLMs is
presented in-text in Table 5.1. Full univariate GLM results are presented in Appendix D.1.
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Next, multivariate GLMs were constructed for each affect response variable (n = 5).
Because my sample size was n = 30 parks, it was not appropriate to fit more than three-tofour predictor variables in any one model, to avoid over-fitting (Tabachnick and Fidell,
2013). I explored two, three and four variable model combinations across the following
categories: park ecology + perceptions of biodiversity + frequency of park use + prior
affective state. Because many park ecology and perceptions of biodiversity measures were
highly correlated with one another, I allowed variables across these two categories to
compete for a place in multivariate models. In the first step, combinations of the two highest
ranked (i.e., lowest AICC) park ecology and/or perceptions of biodiversity variables
(uncorrelated rs < ± 0.6; variation inflation factors < 3) were selected against each affect
response variable. It was also possible for two uncorrelated ecological measures, and no
perceptions of biodiversity measure, to be included in a model depending on the results from
univariate models. In the second step, the two highest ranked park ecology and/or perceptions
of biodiversity variables were selected against each affect response variable and augmented
with the parameters (i) frequency of park use and (ii) prior affective state (alternating positive
and negative affect over the past month). As a result, multivariate predictor combinations
differed across response variables. Lastly, I explored whether respondent age and/or gender
improved model fit. To do so, I augmented the two highest ranked univariate models with age
and gender, alternatively and combined. I also explored whether adding age or gender
(alternatively and combined) to the highest ranked two predictor combinations (i.e., park
ecology and/or perceptions of biodiversity variables) improved model fit. However, in no
case did age or gender improve model fit (i.e., higher AICC) over models identified in
previous steps of the analyses. Hence, multivariate models augmented with gender and
respondent age were discarded from further consideration. Univariate age and gender models
were retained and are presented.
Because multivariate model construction generated a range of models containing
combinations of between two to four predictor variables, parsimony was a key determinant
informing multivariate GLM retention (as detailed in Chapter 4). For example, a multivariate
model was only retained where the AICC was lower than the AICC of the best ranked (i.e.,
lowest AICC) univariate model. Further, where a multivariate model with a greater number of
parameters had a higher AICC than a multivariate model with identical, but fewer parameters,
the former was discarded when identifying the most parsimonious model. Models were
excluded from further consideration if the confidence intervals (CIs) of any parameter(s)
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encompassed zero (but are still presented when the model met the parsimony criteria detailed
above).
A summary of results from univariate and multivariate GLMs is presented in text in
Figure 5.1 and full GLM results are presented in Appendix D.2.
All analyses were carried out in SPSS v. 24 (IBM Corp, 2016) unless otherwise
stated.
5.3

Results

5.3.1 Preference affect (medium activated, positively valenced)
Mean preference affect (n = 30 parks) was 6.01 (± SE 0.06), which ranged from 5.23 – 6.48
(Figure 5.2).
Preference affect was significantly correlated with ten other psychological outcome
metrics (all rs > ± 0.58), perceived plant and perceived bird species richness (rs = 0.68, and
0.65, respectively), and pesty bird species richness (rs = -0.69; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
preference affect scores was significantly higher than common parks (p < 0.001; Chapter 4,
Table 4.4).
Four univariate GLMs had some support (i.e., ∆i AICC < 10) in predicting preference
affect (Table 5.1; Appendix D.1). Preference affect decreased with increasing pesty bird
species richness, and this model had the strongest support (wi = 0.70). There was
comparatively weaker support that preference affect increased with increasing perceived level
of bird species richness (wi = 0.17) and perceived level of plant species richness (wi = 0.08),
and declined with increasing bird abundance (wi = 0.04).
The strongest support was found for the multivariate GLM indicating that preference
affect increased with increasing perceived bird species richness and declined with increasing
bird abundance (wi = 0.60; Figure 5.1, Appendix D.2). There was comparatively weaker
support for another multivariate GLM indicating that preference affect declined with
increasing pesty bird species richness and increasing bird abundance (wi = 0.30). Both
multivariate GLMs substantially improved model fit over the best ranked univariate GLM,
pesty bird species richness, which was poorly supported by comparison (wi = 0.08).
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5.3.2 Place affect – exciting (high activated, positively valenced)
Mean exciting affect (n = 30 parks) was 4.61 (± SE 0.08), which ranged from 3.85 – 5.68
(Figure 5.2).
Exciting affect was significantly correlated with ten other psychological outcome
metrics (all rs > ± 0.58), perceived plant and perceived bird species richness (rs = 0.88, and
0.84, respectively), sample plant species richness (rs = 0.65), pesty bird species richness (rs =
-0.78) and structural heterogeneity (rs = 0.65; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
exciting affect scores was significantly higher than common parks (p < 0.001; Chapter 4,
Table 4.4).
Table 5. 1: A summary of the univariate models explaining preference affect and place affect
components exciting, distressing, gloomy and relaxing.
Preference
Place affects
Univariate models (n = 20)
Exciting

Gloomy

Relaxing

Distressing

affect

1. Sample plant SR
+
–
+
–
+
2. Turf cover
–
+
–
+
*
3. Canopy cover
+
*
+
–
#
4. Plant abundance
+
+
+
–
5. Structural heterogeneity
+
–
+
–
+
6. Flower cover
+
–
+
–
+
7. Plant nativeness
8. Sample bird SR
+
–
+
–
9. Pesty bird SR
–
+
–
+
–
10. Park size
*
11. Park distance from CBD
+
–
+
–
+
12. UGS surrounding park
+
–
+
–
*
13. Bird abundance
–
+
–
+
–
14. Perceived plant SR
+
–
+
–
+
15. Perceived bird SR
+
–
+
–
+
16. Prior PA (past month)
*
*
17. Prior NA (past month)
–
*
*
*
18. Frequency of park use
*
+
–
+
19. Respondent age
+
–
+
–
+
20. Gender
Notes: Darker grey shading indicates models with ∆i AICc < 2; lighter grey shading indicates
models with ∆i AICc ≥ 2 but < 10. No shading indicates model with ∆i AICc ≥ 10. (+) =
response variable increased as the predictor variable increased. (–) = response variable
decreased as the predictor variable increased. Blank = constant only model was a better model
that the variable of interest. (*) = model better than constant only model, however uncertainty
regarding the model as the confidence intervals encompassed zero. (#) = residuals not
normally distributed (model discarded). SR = species richness. CBD = central business
district. UGS = urban greenspace. PA = positive affect, NA = negative affect (I-PANAS-SF).
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Figure 5. 1: Combined univariate and multivariate generalised linear models (GLMs) with some support (i.e., △i AICc < 10; wi ≥ 0.01) in explaining preference affect and
place affect components exciting, distressing, gloomy and relaxing. Results are mapped onto the circumplex model (Russell, 1980) of affective quality attributed to natural
environments (Russell and Pratt, 1980).
Notes: Y-axis indicates arousal-sleepy quality (i.e., activation dimension). X-axis indicates pleasant-unpleasant quality (i.e., valence dimension). Each place affect is defined
by valence (i.e., positive or negative) and activation (i.e., high, medium or low). The three words in brackets positioned within the 2-dimensional bipolar space are the n = 3
survey items (affective adjectives) selected from Russell and Pratts (1980) Scales of Affective Quality Attributed to Place (SAQAP) to measure each place affect (i.e.,
exciting, relaxing, distressing and gloomy). Preference affect was measured using the single item statement from Nordh et al. (2009; “you like this park/garden”), as opposed
to the SAQAP pleasant scale. Nonetheless, results from preference affect GLMs are mapped onto this figure. * = square root transformation of predictor variable. ^ = log
transformation of predictor variable. Non-bold brackets contain the variable coefficient, lower – upper confidence intervals. Brackets in bold indicate the level of support (wi)
for each GLM. Any models with confidence intervals that encompassed zero, or which had lower AICc than the constant only model, are omitted from this figure. See
Appendix D.1 and D.2 for full univariate and multivariate GLMs, respectively. Figure adapted from Russell and Carroll (1999, pg. 7).
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Figure 5. 2: Mean park level (n = 30 parks) preference affect scores and place affect exciting, distressing, gloomy and relaxing scores.
Notes: Mean preference affect was 6.01 (± 0.06; 5.23 – 6.48). Mean exciting place affect was 4.61 (± 0.08; 3.85 – 5.68). Mean distressing place affect was 2.33 (± 0.07; 1.55
– 2.99). Mean gloomy place affect was 2.68 (± 0.09; 1.79 – 3.47). Mean relaxing place affect was 5.38 (± 0.10; 4.20 – 6.32). X-axis values correspond to the 7 point Likert
response scale used, whereby: 1 = strongly disagree, 2 = disagree, 3 = disagree somewhat, 4 = neutral, 5 = agree somewhat, 6 = agree, 7 = strongly agree. Circles with
number inside represent individual park sites, whereby: (1) Weekley Park; (2) Morton Park; (3) Beauchamp Park; (4) Eastlakes Reserve; (5) Wentworth Park; (6) Alison
Park; (7) Ivanhoe Park Botanic Garden; (8) E.G. Waterhouse Camellia Tea Garden; (9) Belmore Park; (10) Roseville Park; (11) Thomas Hogan Reserve; (12) Pioneers
Memorial Park; (13) Stony Range Botanic Garden; (14) Lisgar Gardens; (15) St. Thomas’ Rest Park; (16) Yeo Park; (17) Maundrell Park; (18) Forest Park; (19) Wahroongah
Park; (20) Camperdown Memorial Rest Park; (21) Sydenham Green; (22) Swain Gardens; (23) Enmore Park; (24) Harbourview Reserve; (25) Wynyard Park; (26) Cook and
Phillip Park; (27) Woolgoolga Reserve; (28) Brennan Park; (29) Robert Pymble Park; (30) Mascot Memorial Park.
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Two univariate GLMs had some support (i.e., ∆i AICC < 10) in explaining exciting
affect (Table 5.1; Appendix D.1). Exciting affect increased with increasing perceived level of
plant (wi = 0.93), and perceived level of bird (wi = 0.07), species richness; with
comparatively stronger support for the former model.
The strongest support was found for the multivariate GLM indicating that exciting
affect increased with increasing perceived bird species richness and increasing sample plant
species richness, but declined with increasing reports of prior negative affective state
experienced over the past month (wi = 0.72; Figure 5.1, Appendix D.2). There was
comparatively weaker support for the more parsimonious multivariate GLM indicating that
exciting affect increased with increasing perceived bird species richness and increasing
sample plant species richness (wi = 0.25). Both multivariate GLMs substantially improved
model fit for exciting affect over the highest ranked univariate GLM, perceived plant species
richness, which was poorly supported by comparison (wi = 0.01).
5.3.3 Place affect – distressing (high activated, negatively valenced)
Mean distressing affect (n = 30 parks) was 2.33 (± SE 0.07), which ranged from 1.55 – 2.99
(Figure 5.2).
Distressing affect was significantly correlated with seven other psychological
outcome metrics (all rs > ± 0.58), perceived plant species richness (rs = -0.63), pesty bird
species richness (rs = 0.62) and structural heterogeneity (rs = -0.65; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
distressing affect scores was significantly lower than common parks (p < 0.001; Chapter 4,
Table 4.4).
Nine univariate GLMs had some support (i.e., ∆i AICC < 10) in predicting distressing
affect (Table 5.1; Appendix D.1). Distressing affect declined with increasing perceived plant
species richness (wi = 0.63), and this model had the strongest support of all candidate
univariate GLMs. There was comparatively weaker support for two univariate GLMs
indicating that distressing affect declined with increasing structural heterogeneity (wi = 0.16)
and increased with increasing pesty bird species richness (wi = 0.10). The remaining n = 6
univariate GLMs with a ∆i AICC < 10 were poorly supported (wi ≤ 0.03).
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No multivariate GLM explaining distressing affect was well supported (Appendix
D.2). The one multivariate GLM (perceived plant species richness + positive affect) that
improved the AICC value of the highest ranked univariate GLM (perceived plant species
richness) had CIs that encompassed zero. Therefore the more parsimonious univariate GLM
(perceived plant species richness) was the best of all candidate models explaining distressing
affect (Figure 5.1).
5.3.4 Place affect – gloomy (low activated, negatively valenced)
Mean gloomy affect (n = 30 parks) was 2.68 (± SE 0.09), which ranged from 1.79 – 3.47
(Figure 5.2).
Gloomy affect was significantly correlated with ten other psychological outcome
metrics (all rs > ± 0.58), perceived plant and perceived bird species richness (rs = -0.85, and 0.83, respectively), sample plant species richness (rs = -0.64), pesty bird species richness (rs =
0.75) and structural heterogeneity (rs = -0.74; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
gloomy affect scores was significantly lower than common parks (p < 0.001; Chapter 4, Table
4.4).
Two univariate GLMs had some support (i.e., ∆i AICC < 10) in explaining gloomy
affect (Table 5.1; Appendix D.1). Gloomy affect decreased with increasing perceived plant
species richness (wi = 0.87), and increasing perceived bird species richness (wi = 0.13), with
strongest support for the former model.
One multivariate GLM improved model fit for gloomy affect (Figure 5.1; Appendix
D.2). Gloomy affect declined with increasing perceived bird species richness and increasing
structural heterogeneity (wi = 0.98). This multivariate GLM had substantially greater support
than the highest ranked univariate GLM (perceived plant species richness) which was poorly
supported by comparison (wi = 0.01).
5.3.5 Place affect – relaxing (low activated, positively valenced)
Mean relaxing affect (n = 30 parks) was 5.38 (± SE 0.10), which ranged from 4.20 – 6.32
(Figure 5.2).
Relaxing affect was significantly correlated with ten other psychological outcome
metrics (all rs > ± 0.58), motivation for park use to get back to nature (rs = 0.62), perceived
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plant species richness (rs = 0.68), sample plant species richness (rs = 0.63), pesty bird species
richness (rs = -0.78), UGS surrounding a park (rs = 0.60), canopy cover (rs = 0.64) and
structural heterogeneity (rs = 0.75; Appendix C.7).
Results from a Mann Whitney U Test indicated that the mean rank of rare parks
relaxing affect scores was significantly higher than common parks (p < 0.001; Chapter 4,
Table 4.4).
Six univariate GLMs had some support (i.e., ∆i AICC < 10) in explaining relaxing
affect (Table 5.1; Appendix D.1). The strongest support was found for the univariate GLM
indicating relaxing affect decreased with increasing pesty bird species richness (wi = 0.87).
There was comparatively weaker support for n = 5 univariate GLMs indicating that relaxing
affect increased with increasing perceived level of plant species richness (wi = 0.06),
structural heterogeneity (wi = 0.02), sample plant species richness (wi = 0.02), canopy cover
(wi = 0.01), and park distance from the CBD (wi = 0.01).
The strongest support was found for the multivariate GLM indicating that relaxing
affect, declined with increasing pesty bird species richness, and increased with increasing
sample plant species richness (wi = 0.89) (Figure 5.1; Appendix D.2). Comparatively weaker
support was found for another multivariate GLM indicating relaxing affect declined with
increasing pesty bird species richness and increasing frequency of park use (wi = 0.09). Both
multivariate GLMs improved model fit over the highest ranked univariate GLM (pesty bird
species richness), which was poorly supported by comparison (wi = 0.02).
5.4

Discussion

5.4.1 Summary of results
As expected, every park had a mood associated with it and park users reacted in an emotional
way to the parks they were in (Russell and Carroll, 1999). All parks (n = 30) were liked and
relaxing to some degree, none were boring or distressing to any degree, and most (n = 27)
were exciting to some degree (Figure 5.2). Three parks (i.e., Alison, Belmore and Wynyard)
yielded exciting affect scores < 4 (i.e., below neutral), indicating a mild level of disagreement
that these parks were accurately described as high activated, positively valenced places. The
type and strength of affective quality attributed to parks was strongly associated with
ecologically sampled characteristics of park plant and bird assemblages, and park users’
perceived levels of species diversity.
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The theoretical proposals including the biophilia hypothesis (Wilson, 1984), SRT
(Ulrich et al., 1991; Ulrich, 1983) and ART (Kaplan and Kaplan, 1989; Kaplan, 1995), as
well as empirical examinations including the meta-review by McMahan and Estes (2015),
support the suggestion that human exposure to natural environments is associated with
increased positive, and decreased negative affect (i.e., internal emotional states, or put
another way, how people feel within themselves). Correspondingly, my results indicate that
city parks were associated with affective quality attributed to parks (i.e., how people felt
about parks) that was positive (i.e., preference affect, exciting affect and relaxing affect) but
not negative (i.e., gloomy affect and distressing affect) in valence. Moreover, through use of
the SAQAP (Russell and Pratt, 1980), my results yielded a more nuanced view of the type
and strength of affective quality attributed to parks. Park users attributed higher levels of
relaxing than exciting, and lower levels of distressing than gloomy, affective quality to parks.
Hence, while parks were attributed affective quality that was positive and not negative in
valence; parks were also attributed lower levels of high (i.e., exciting and distressing) than
low (i.e., gloomy and relaxing) activated affective quality (Figures 5.1 and 5.2).
5.4.2 Park type analysis – rare versus common parks
Compared to common parks hosting low ecological complexity and plant/bird species
richness, rare parks hosting high ecological complexity and plant/bird species richness were
associated with significantly higher levels of exciting, relaxing and preference affect, and
significantly lower levels of gloomy and distressing affect (see Chapter 4). Moreover,
respondents perceived higher levels of plant/bird species diversity in rare than common
parks, suggesting it is plausible to associate the affective quality attributed to parks with the
species diversity within those parks. Compared to parks managed to resemble football fields
(i.e., common parks), parks managed to resemble rainforests (i.e., rare parks) were more
strongly associated with affective quality attributed to parks that may be hypothesised to
support the affective wellbeing of park users to a greater degree (i.e., more liked, relaxing and
exciting places, and less gloomy and distressing places). As previously established in Chapter
4, Mann Whitney U Tests also indicated significant differences in individual factors
characterising park users across rare and common park types. For example, rare park users
were significantly older, comprised of a higher proportion of male users and used rare park
sites less frequently, compared to common park users. However, park level results indicated
these individual factors (i.e., respondent age, gender and frequency of park use) were poor
predictors of affective quality attributed to parks.
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5.4.3 Factors associated with affective quality attributed to parks – univariate
analyses
Only one univariate GLM had strong support in explaining each affect response variable (i.e.,
∆i AICc < 2; Table 5.1; Appendix D.1). These models indicated that (i) exciting affect was
positively associated, whereas gloomy and distressing affect were negatively associated, with
increasing perceived plant species richness, and (ii) preference affect and relaxing affect were
negatively associated with increasing pesty bird species richness (Table 5.1). The remaining
individual and ecological predictor variables either had much weaker support (i.e., ∆i AICc ≥
2 but ≤ 10) or could be discounted from further consideration (i.e., ∆i AICc > 10; Table 5.1).
Hence, I found the strongest support from univariate GLMs that the ecological factor pesty
bird species richness, and the individual factor perceived plant species richness, explained the
type and strength of affective quality attributed to parks by park users.
Of note, the level of plant and bird species richness perceived by respondents was
more strongly supported by univariate GLMs in explaining each affective response variable
(n = 5) than the level of ecologically sampled plant and bird species richness. That is, for all
response variables, the AICC was lower for (i) perceived than sampled plant species richness,
and (ii) perceived than sampled bird species richness (Appendix D.1). Given perceived and
sampled levels of plant and bird species richness generally corresponded well across my
study (Chapter 4), it is plausible to associate the type and strength of affective quality
attributed to parks to levels of perceived species diversity within those parks. Dallimer et al.
(2012) also reported a stronger association between park users’ reports across psychological
constructs and perceived, as opposed to ecologically sampled, levels of plant and bird species
richness. Correspondingly, Stigsdotter and Grahn (2011) found that the perceived sensory
dimension ‘rich in species’ contributed positively to highly stressed individuals’ preference
for natural environments.
5.4.4 Factors associated with affective quality attributed to parks – multivariate
analyses
Based on my approach, multivariate GLMs improved model fit for all affect response
variables except distressing affect (Figure 5.1). I found no support that augmenting
multivariate GLMs to incorporate prior affective state, frequency of park use, respondent age
or gender improved model fit for distressing, gloomy, relaxing or preference affects. For
exciting affect, however, the addition of the parameter prior negative affective state to the
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highest ranked multivariate GLM (perceived bird species richness + sample plant species
richness) substantially improved model support.
5.4.5 Preference affect (medium activated, positively valenced)
Previous researchers have largely focussed on associations between preference for natural
environments and explanatory variables characterising plant assemblages (e.g. Ulrich, 1983;
Hull and Harvey, 1989; Kuo et al., 1999; Nordh et al., 2009; Lindemann-Matthies et al.,
2010; White et al., 2010; Hoyle et al., 2017; Southon et al., 2017). While I found that all
parks were liked to some degree, preference affect was strongly associated with parameters
characterising park bird assemblages, but weakly related to parameters characterising park
plant assemblages (Table 5.1; Figure 5.1). Preference affect was positively associated with
perceived level of bird species richness and negatively associated with bird abundance
(Figure 5.1). I also found strong support that preference affect was negatively associated with
pesty bird species richness (Table 5.1). Hence, stronger associations may emerge in future
studies that relate preference for parks, and other natural environments, to measures
characterising bird, than plant, assemblages; or indeed other animal taxa. One explanation for
this is the theory of plant blindness: compared to plants, people tend to like animals more,
know more about animals and may perceive vegetation merely as a background to animal life
(Wandersee and Schussler, 1999).
The ‘pesty’ bird species richness variable captured the dominance of a few urban
exploiters (Blair, 1996) on park bird assemblages (i.e., Feral Pigeon, Seagull, Australian
White Ibis, Noisy Miner, Common Myna, Australian Raven). Assignment of bird species to
the ‘pesty’ category was based on classification of species according to their “synanthropy”
(i.e., association to humans and urban landscapes), which included but was not limited to the
particular species’ trait of introduced/exotic species (Guette et al., 2017).While management
bodies tend to focus heavily on control of introduced bird species, native bird species are
often not targeted because they are assumed to contribute positively to environments
(Haythorpe et al., 2014) despite evidence to the contrary (e.g. Piper and Catterall, 2003).
Recent scientific opinion argues that to support avian species conservation, management
approaches need to “shift from the present focus on whether a species is native or not, and
towards objective assessment of each species environmental impact on its particular
ecosystem” (Haythorpe et al., 2014, pg. 174). The negative association I identified between
preference (and exciting) affect (Table 5.1) and pesty bird species richness suggests that it is
381

also important to recognise that not all native bird species will necessarily be liked, and that
the dominance of pesty bird species on city park bird assemblages may not support the
affective wellbeing of park users (e.g. less liked and relaxing places to visit; Table 5.1). More
research needs to be conducted to objectively assess each species’ impact on park users’
affective response (i.e., like, dislike, distress). For example, my results suggest that an
unconstrained dominance of the aggressive Noisy Miner and Australian White Ibis (dubbed
‘the bin chicken’ by David Attenborough) in city parks may negatively influence level of
liking for parks, irrespective of these species’ endemic status. It is recommended that
researchers characterise bird assemblages beyond total species counts when investigating
level of liking (i.e., preference affect) for natural environments.
5.4.6 Place affect – relaxing (low activated, positively valenced)
All parks were described as relaxing places to some degree. However, the level of agreement
that the words ‘calm’, ‘serene’ and ‘tranquil’ accurately described parks was much higher for
some parks than others (n = 30; Figure 5.2). Multivariate GLMs indicated the strongest
support that relaxing affect was negatively associated with pesty bird species richness and
positively associated with sample plant species richness (Figure 5.1). Similarly, univariate
GLM indicated the strongest support that relaxing affect was negatively associated with pesty
bird species richness (Table 5.1). Park management approaches that reduce the prevalence of
pesty bird species, and increase plant species diversity, may support the affective wellbeing
of park users by eliciting low activated, positive affective quality attributed to parks (i.e.,
more relaxing places).
5.4.7 Place affect – exciting (high activated, positively valenced)
In this study, city parks were not described as particularly exciting places by park users. Only
six parks were ascribed a mean exciting score ≥ 5 (i.e., agree somewhat that the words
‘exciting’, ‘interesting’ and ‘stimulating’ accurately described them) (Figure 5.2). Contrary to
Hoyle et al. (2017), flower cover was weakly supported as a predictor of exciting affect in my
study. One possible explanation for this is that my measure of flower cover quantified the
number of individual woody plants in flower in each park. Had my measure included
flowering abundance across herbaceous quadrats, and/or counted the total number of
individual flowers on woody plants, I may have found a stronger association with flower
cover and exciting affect. Multivariate GLMs indicated exciting affect was negatively
associated with reported level of prior negative affective state (experienced over the past
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month) and positively associated with perceived bird species richness and sample plant
species richness (Figure 5.1). Univariate GLMs indicated the strongest support that exciting
affect was positively associated with perceived level of plant species richness (Table 5.1). My
results suggest that maintaining high levels of plant and bird species diversity within parks
may support the affective wellbeing of park users by eliciting high activated, positive
affective quality attributed to parks (i.e., more exciting places).
One explanation for why prior negative affective state (experienced over the past
month) was associated with the level of exciting affect park users attributed to parks is
provided by Ulrich (1983). The quality and intensity of affective reactions elicited from
features and characteristics of natural environments may be influenced by a person’s prior
affective state because “a person’s initial affective state directs and sustains attention,
thereby influencing selection of the feature or scene that is perceived” (Ulrich, 1983, pg. 90).
If a natural scene elicits mild to moderate interest, accompanied by preference, a person’s
arousal (electrocortical, autonomic, or both) should decrease if their initial level of arousal
(here measured as prior affective state) is high (Ulrich, 1983). Indeed all my parks were
mildly-to-moderately interesting, and liked (Figure 5.2). I measured prior negative affective
state using high activated, negative (in valence) affect items from the I-PANAS-SF (Watson,
1988; Thompson, 2007). The SAQAP component exciting affect also measured level of
agreement that high activated, positive affective adjectives accurately described a park
(Figure 5.1). Interestingly, my result from multivariate GLMs aligned with Ulrich’s (1983)
prediction. That is, when exposed to parks, arousal (here measured as high activated, positive
in valence, affective adjectives attributed to parks, that is, exciting affect) declined with
increasing level of arousal experienced prior to park use (here measured as high activated
negative affect experienced over the past month). Yet this interpretation of my results is
contentious given that, in the context of place affect, Russell and colleagues view arousal as a
dimension of verbally reportable feelings (Russell and Pratt, 1980; Russell et al., 1981),
whereas Ulrich (1983) views arousal as a product of an initial affective reaction to viewing
natural environments involving the electrocortical and/or autonomic systems.
Nonetheless, my results provide some evidence that, for people experiencing high
levels of psychological ‘stress’ (i.e., high activated, negative affect experienced over the past
month; Russell et al., 1980), exposure to parks with increasing levels of plant and bird species
richness was arousal-reducing. That is, high activated, positive affective quality (i.e., exciting
affect) attributed to parks declined (Figure 5.1). It is important to follow up my results in
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future research because people experiencing high levels of high activated, negative affect
(e.g. measured via the I-PANAS-SF) may benefit from exposure to natural environments that
reduce arousal (Ulrich, 1983). Ecological variation within natural environments, such as
species diversity, may be an important factor that contributes to designing optimal
environments for experiencing psychological benefits, such as stress reduction; yet most
studies have previously used ‘urban’ versus ‘natural’ comparison conditions (see Ewert and
Chang, 2018).
5.4.8 Place affect – gloomy (low activated, negatively valenced)
No parks were described as gloomy places, though some parks achieved much lower levels of
disagreement that the affective adjectives ‘dull’, ‘boring’ and ‘monotonous’ accurately
described parks than others (Figure 5.2). Multivariate GLMs indicated the strongest support
that gloomy affect was negatively associated with perceived bird species richness and
structural heterogeneity (i.e., density of vegetation layers between the heights of 0.3 – 2.1
metres) (Figure 5.1). Management approaches that (i) increase the vegetation complexity of
city parks from predominately mown turf with scattered trees to incorporate dense vegetation
layers, and (ii) promote a high level of non-pesty bird species richness in city parks, may
support the affective wellbeing of park users by eliciting lower levels of low activated,
negative affective quality attributed to parks (i.e., less gloomy places).
5.4.9 Place affect – distressing (high activated, negatively valenced)
No parks were described as distressing places, though some parks achieved much higher
levels of disagreement that the affective adjectives ‘tense’, ‘hectic’ and ‘rushed’ accurately
described parks than others (Figure 5.2). Distressing affect declined with increasing
perceived level of plant species richness, with no other model strongly supported by
comparison (Figure 5.1). Given perceived and sampled plant richness corresponded across
my study (Chapter 4), increasing the species diversity of park plant assemblages may support
the affective wellbeing of park users by eliciting lower levels of high activated, negative
affective quality attributed to parks (i.e., less distressing places).
5.4.10 Study limitations
A limitation of my study bears mentioning, which has implications for future research. Had I
measured park users’ presently experienced internal emotional/affective states during park
use using the circumplex model of affect (Russell, 1980; e.g. how strongly do you agree you
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feel excited, distressed, bored, relaxed… right now?) in addition to feelings about parks (i.e.,
place affects exciting, distressing, gloomy and relaxing) using Russell and Pratt’s SAQAP
items (1980); I could have set up a mediation analysis. That is, mediation analysis could have
be used to test the indirect effect of exposure to parks with varying levels of perceived plant
species richness (i.e., the predictor variable with the strongest association explaining place
affect exciting in my study; Table 5.1) on park users’ reports of internal affective state
exciting (i.e., response variable), through park users’ report of exciting affective quality
attributed to parks (mediating variable). I opted to measure affective quality attributed to
parks because I considered that this was a more plausible measure of affective response to
associate with human exposure to parks with varying levels of objectively specifiable
ecological characteristics (Russell and Pratt, 1980). Indeed, I identified clear and consistent
associations between the objectively specifiable ecological characteristics of parks and the
level of affective quality attributed to parks. Hence, it seems plausible to investigate the
hypothesis that place affect exciting mediates the relationship between human exposure to
natural environments with varying levels of plant species diversity (or other ecological
characteristics) and how excited park users feel while using parks (i.e., internal affective
states). Doing so may assist in identifying the causal pathway through which exposure to
varying typologies of natural environments is associated with the type and strength of internal
emotional states experienced by park users (Mayer et al., 2009; McMahan and Estes, 2015).
In turn, optimal levels of parks’ ecological characteristics for supporting park users’ affective
wellbeing (e.g. the experience of increased positive as opposed to negative emotions during
park use; arousal reducing environments for individuals experiencing psychological stress)
may be identified.
I measured prior mood over the past month, rather than a shorter time frame. Future
research would benefit from considering relationships between affective quality attributed to
parks with varying ecological characteristics and prior mood measures which tap a shorter
time frame. For example, immediately prior (i.e., to park use) short-term mood, or related
measures such as the number of hours slept the night before (e.g. Pasanen et al., 2018).
It is important to explicitly acknowledge the issue of self-selection bias which applies
to my study, and indeed any in-situ study of park users. Self-selection bias relates to park
users selecting themselves into a park (through visiting a park) and therefore causing a biased
sample. For example, it is possible that there are characteristics of existing parks that
individuals who visit like, find exciting and/or relaxing (hence they are there), whereas this is
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not the case for those who do not visit. Therefore, expecting a single best park can be
identified that will support beneficial affective responses to all users (i.e., liked, exciting,
relaxing places) may be misleading. Swanwick (2009) suggested that because different
individuals enjoy different landscapes at different times and for different purposes, it is
important to maintain a range of different types of landscapes (i.e., a ‘portfolio of places’) to
meet the needs of a diverse range of landscape experiences.
5.5

Conclusion

Park users responded in an emotional way to park environments, which had clear associations
with the ecological characteristics of parks. Ecological measures characterising park plant
and bird assemblages were consistently strong predictors of affective quality attributed to
parks. The individual factor, perceived species richness, was also a strong predictor of
affective quality attributed to parks. Increasing species richness of park plant and bird
assemblages, and decreasing pesty bird species richness, were (i) positively associated with
affective quality attributed to parks that was positive in valence (i.e., relaxing, exciting and
preference affects), and (ii) negatively associated with affective quality attributed to parks
that was negative in valence (i.e., gloomy and distressing affects). In addition to species
richness measures, increasing structural heterogeneity, bird abundance and prior negative
affective state (experienced over the past month) had some support in explaining declining
gloomy, preference and exciting affects attributed to parks, respectively. The remaining
individual factors characterising park users generally had much poorer support in explaining
affective quality attributed to parks in univariate GLMs; but sometimes emerged as important
factors in multivariate GLMs. For example, prior negative affective state was strongly
supported in GLMs as explaining exciting affect.
Overall, I found strong support that park planners, designers and managers may have
considerable influence on the type and strength of affective quality attributed to park
environments, depending on the type of park ecology mandated in park management plans
(Hull and Harvey, 1989). Park management approaches that increase plant and bird species
diversity, and reduce the prevalence of pesty bird species, may contribute to supporting the
affective wellbeing of park users by providing more liked, exciting and relaxing, but less
gloomy and distressing, places where urban residents can passively recreate and have contact
with nature (Dunn et al., 2006). Yet, the extent to which park users describe parks as exciting,
distressing, gloomy, relaxing or liked environments, equates to supporting the affective
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wellbeing of park users (in terms of a park user’s presently experienced internal
emotional/affective states), remains unclear. More research (as detailed in section 5.4.10) is
needed to determine the extent to which how park users feel about park environments is
associated with how they feel within themselves, when exposed to parks with varying
ecological characteristics.
Irrespective of the level of activation implied by negatively valenced affective
descriptors (e.g. high activated distressing places versus low activated gloomy places),
presumably both are undesirable management outcomes for those responsible for managing
urban parks. Given all parks were liked in my study (i.e., medium activated, positively
valenced affect; Figure 5.2), the question then seems to centre around determining the role (if
any) that park environments attributed high activated, positive affect (i.e., exciting places), as
opposed to low activated, positive affect (i.e., relaxing places), plays in supporting the
affective wellbeing of different types of park users. As discussed in Section 5.4.7, for
individuals experiencing generalised and longer term levels of psychological stress (high
activated, negative affect; Russell et al., 1980), arousal reducing park environments may be
particularly beneficial places to visit. Russell (1980) defined depression as a combination of
low arousal and negative valence, analogous with gloomy place affect. As such, for people
experiencing depression, or depressive-like symptoms, it is possible that more
stimulating/arousing environments are more beneficial places to visit. Somewhat clearer is
my finding that the type of plant and bird assemblages characterising urban parks may be a
key determinant of an individuals’ affective response to that environment (Ulrich, 1983;
Ulrich et al., 1991). With further research (see section 5.4.10), specific ecological
characteristics of park environments most likely to benefit different types of ‘at risk’
populations (e.g. depression, anxiety) can be determined and subsequently planned.
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APPENDIX D
D.1: Univariate generalised linear models explaining the affective response of park users
(preference affect and SAQAP components exciting, distressing, gloomy and relaxing) to city
park sites (n = 30).
Model (variable coefficient, lower – upper confidence
Δi
AICc
wi
ꭓ2
intervals; CI’s)
AICc
Place affect ‘exciting’ models
Perceived plant species richness (0.950, 0.733 – 1.168)
5.39
0.00
0.93 37.14
Perceived bird species richness (1.120, 0.828 – 1.411)
10.69
5.30
0.07 31.84
Sample plant species richness* (0.157, 0.109 – 0.205)
16.64 11.25 < 0.01 25.89
Pesty bird species richness (-0.015, -0.020 – -0.010)
19.67 14.28 < 0.01 22.86
Flower cover* (0.226, 0.138 – 0.314)
24.21 18.82 < 0.01 18.32
Turf cover* (-0.116, -0.162 – -0.070)
24.52 19.13 < 0.01 18.00
Structural heterogeneity^ (0.307, 0.184 – 0.430)
24.98 19.59 < 0.01 17.55
Respondent age (0.457, 0.230 – 0.685)
30.00 24.61 < 0.01 12.53
Park distance from CBD* (0.240, 0.111 – 0.368)
31.45 26.06 < 0.01 11.08
Frequency of park use (-0.280, -0.432 – 0.129)
31.65 26.26 < 0.01 10.87
Bird abundance (-0.003, -0.005 – -0.001)
32.28 26.89 < 0.01 10.24
Canopy cover (0.008, 0.003 – 0.014)
34.88 29.49 < 0.01 7.65
Plant abundance^ (0.433, 0.138 – 0.728)
35.23 29.84 < 0.01 7.30
Sample bird species richness (0.062, 0.005 – 0.119)
38.27 32.88 < 0.01 4.26
UGS surrounding park (0.010, 0.001 – 0.020)
38.66 33.27 < 0.01 3.86
Prior negative affective state (-1.121, -2.205 – -0.037)
38.68 33.29 < 0.01 3.85
Prior positive affective state (1.310, -0.026 – 2.646)
39.04 33.65 < 0.01 3.48
Park size (0.127, -0.240 – 0.278)
39.94 34.55 < 0.01 2.59
Constant only model
40.05 34.66
Plant nativeness (0.004, -0.002 – 0.010)
41.01 35.62 < 0.01 1.52
Gender (0.022, -1.400 – 1.444)
42.53 37.14 < 0.01 0.00
Δi
Place affect ‘relaxing’ models
AICc
wi
ꭓ2
AICc
Pesty bird species richness (-0.019, -0.026 – -0.013)
31.52
0.00
0.87 24.12
Perceived plant species richness (0.955, 0.587 – 1.323)
36.99
5.47
0.06 18.65
Structural heterogeneity ^ (0.375, 0.220 – 0.531)
38.93
7.41
0.02 16.71
Sample plant species richness* (0.167, 0.098 – 0.237)
39.00
7.48
0.02 16.64
Canopy cover (0.014, 0.008 – 0.020)
40.07
8.55
0.01 15.57
Park distance from CBD* (0.333, 0.182 – 0.484)
41.07
9.55
0.01 14.57
Turf cover* (-0.130, -0.191 – -0.068)
42.12 10.60 < 0.01 13.52
Perceived bird species richness (1.012, 0.513 – 1.511)
42.94 11.42 < 0.01 12.70
UGS surrounding park (0.021, 0.011 – 0.032)
43.05 11.53 < 0.01 12.59
Respondent age (0.551, 0.264 – 0.839)
44.06 12.54 < 0.01 11.58
Frequency of park use (-0.353, -0.541 – -0.165)
44.45 12.93 < 0.01 11.19
Flower cover* (0.210, 0.082 – 0.339)
46.78 15.26 < 0.01 8.86
Bird abundance (-0.004, -0.006 – -0.001)
47.95 16.43 < 0.01 7.69
Plant abundance^ (0.045, 0.012 – 0.077)
48.27 16.75 < 0.01 6.45
Sample bird species richness (0.089, 0.020 – 0.159)
49.84 18.32 < 0.01 5.80
Constant only model
53.16 21.64
Prior negative affective state (-1.132, -2.513 – 0.248)
53.52 22.00 < 0.01 2.48
Prior positive affective state (0.868, -0.866 – 2.602)
54.69 23.17 < 0.01 0.95
Gender (0.697, -1.054 – 2.449)
55.04 23.52 < 0.01 0.60
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Plant nativeness (0.000, -0.008 – 0.008)
Park size (0.002, -0.194 – 1.99)

55.64
55.64

Place affect ‘distressing’ models

AICc

Perceived plant species richness (-0.658, -0.915 – -0.402)
Structural heterogeneity^ (-0.254, -0.364 – -0.144)
Pesty bird species richness (0.011, 0.006 – 0.016)
Sample plant species richness* (-0.104, -0.155 – -0.052)
Perceived bird species richness (-0.684, -1.035 – -0.334)
Canopy cover (-0.008, -0.013 – -0.004)
Turf cover* (0.080, 0.035 – 0.125)
Park distance from CBD* (-0.184, -0.300 – -0.068)
Flower cover* (-0.149, -0.238 – -0.061)
Bird abundance* (0.051, 0.013 – 0.090)
Respondent age (-0.293, -0.511 – -0.075)
Frequency of park use (0.190, 0.048 – 0.332)
UGS surrounding park (-0.011, -0.019 – -0.003)
Plant abundance^ (-0.297, -0.564 – -0.029)
Sample bird species richness (-0.050, -0.100 – -0.001)
Prior negative affective state (0.824, -0.129 – 1.778)
Constant only model
Prior positive affective state (-0.156, -1.377 – 1.066)
Park size (-0.016, -0.152 – 0.121)
Plant nativeness (0.001, -0.005 – 0.006)
Gender (0.043, -1.185 – 1.270)
Place affect ‘gloomy’ models

15.42
18.12
19.00
21.27
21.82
23.34
23.53
24.41
24.42
27.44
27.47
27.50
27.52
28.42
30.04
31.00
31.25
33.67
33.68
33.69
33.72
AICc

Perceived plant species richness (-1.024, -1.245 – -0.802)
Perceived bird species richness (-1.225, -1.515 – -0.936)
Structural heterogeneity * (-0.201, -0.264 – -0.139)
Pesty bird species richness (0.017, 0.011 – 0.022)
Sample plant species richness* (-0.152, -0.208 – -0.096)
Turf cover* (0.117, 0.066 – 0.167)
Plant abundance^ (0.010, 0.005 – 0.014)
Flower cover* (-0.210, -0.312 – -0.108)
Respondent age (-0.460, -0.707 – -0.213)
Park distance from CBD* (-0.244, -0.382 – -0.105)
Bird abundance* (0.077, 0.033 – 0.121)
Frequency of park use (0.281, 0.116 – 0.445)
UGS surrounding park (-0.011, -0.022 – -0.001)
Sample bird species richness^ (-1.216, -2.268 – -0.164)
Canopy cover^ (-0.601, -1.215 – 0.012)
Prior positive affective state (-1.384, -2.801 – 0.033)
Prior negative affective state (1.058, -0.107 – 2.224)
Constant only model
Park size (-0.111, -0.274 – 0.051)
Plant nativeness (-0.003, -0.010 – 0.003)
Gender (0.475, -1.022 – 1.973)
Preference affect models

6.42
10.26
20.58
21.44
26.04
30.48
31.08
32.99
35.01
36.00
36.12
36.54
40.84
41.29
42.55
42.57
43.02
43.55
44.28
45.14
45.64
AICc
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24.12
24.12
Δi
AICc
0.00
2.70
3.58
5.85
6.40
7.92
8.11
8.99
9.00
12.02
12.05
12.08
12.10
13.00
14.62
15.58
15.83
18.25
18.26
18.27
18.30
Δi
AICc
0.00
3.84
14.16
15.02
19.62
24.06
24.66
26.57
28.59
29.58
29.70
30.12
34.42
34.87
36.13
36.15
36.60
37.13
37.86
38.72
39.22
Δi
AICc

< 0.01
< 0.01

0.00
0.00

wi

ꭓ2

0.63
0.16
0.10
0.03
0.03
0.01
0.01
0.01
0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

18.31
15.61
14.73
12.45
11.91
10.39
10.20
8.40
9.31
6.29
6.26
6.22
6.21
4.39
3.69
2.74

< 0.01
< 0.01
< 0.01
< 0.01

0.06
0.05
0.04
0.06

wi

ꭓ2

0.87
0.13
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

39.60
35.77
25.45
24.59
19.99
15.55
14.03
13.04
13.32
10.03
9.91
9.49
4.27
4.74
3.48
3.46
3.01

< 0.01
< 0.01
< 0.01

1.75
0.89
0.39

wi

ꭓ2

Pesty bird species richness * (-0.124, -0.167 – -0.081)
2.28
0.00
0.70 21.89
Perceived bird species richness (0.711, 0.446 – 0.976)
5.06
2.78
0.17 19.55
Perceived plant species richness (0.563, 0.341 – 0.785)
6.54
4.26
0.08 18.08
Bird abundance* (-0.006, -0.094 – -0.039)
8.00
5.72
0.04 16.62
Respondent age (0.317, 0.143 – 0.491)
13.98 11.70 < 0.01 10.63
Structural heterogeneity* (0.099, 0.043 – 0.156)
14.58 12.30 < 0.01 10.04
Sample plant species richness* (0.071, 0.023 – 0.120)
17.30 15.02 < 0.01 7.32
Park distance from CBD* (0.147, 0.045 – 0.249)
17.54 15.26 < 0.01 7.07
Flower cover* (0.096, 0.014 – 0.178)
19.71 17.43 < 0.01 4.90
Turf cover (-0.004, -0.008 – 0.000)
20.33 18.05 < 0.01 4.28
Prior negative affective state (-0.801, -1.609 – 0.007)
21.06 18.78 < 0.01 3.55
UGS surrounding park (0.006, -0.001 – 0.014)
22.04 19.76 < 0.01 2.58
Constant only model
22.14 19.86
Plant nativeness (0.004, -0.001 – 0.008)
22.35 20.07 < 0.01 2.26
Sample bird species richness^ (0.561, -0.210 – 1.332)
22.65 20.37 < 0.01 1.97
Park size (0.083, -0.031 – 0.196)
22.65 20.37 < 0.01 1.97
Frequency of park use* (-0.262, -0.724 – 0.200)
23.41 21.13 < 0.01 1.23
Plant abundance^ (0.110, -0.134 – 0.354)
23.85 21.57 < 0.01 0.77
Gender (-0.411, -1.455 – 0.634)
24.03 21.75 < 0.01 0.59
Notes: ^ = log transformation. * = square root transformation. UGS = urban greenspace; CBD
= central business district. AICc = Akaike's information criterion corrected for small sample
sizes, △i = difference in AICc values, wi = model weights, and ꭓ2 = the likelihood ratio chisquare, which represents the change in deviance between the fitted model and the constant
only model. All estimates and their CIs were rounded to 3 decimal places. Italics indicate
uncertainty regarding the parameter as the CIs encompassed zero.
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D.2: Multivariate generalised linear models explaining the affective response of park users
(preference affect and SAQAP components exciting, distressing, gloomy and relaxing) to city
park sites (n = 30).
Model (variable coefficient, lower – upper
Δi
AICc
wi
ꭓ2
confidence intervals; CI’s)
AICc
Place affect ‘exciting’ models
Perceived bird species richness (0.781, 0.519 – 1.042) +
sample plant species richness* (0.080, 0.040 – 0.120) +
-2.58
0.00
0.72
50.68
prior negative affective state (-0.610, -1.124 – -0.097)
Perceived bird species richness (0.767, 0.483 – 1.051) +
-0.48
2.10
0.25
45.68
sample plant species richness* (0.090, 0.048 – 0.133)
Perceived plant species richness (0.790, 0.516 – 1.063)
5.11
7.69
0.02
40.09
+ flower cover* (0.073, -0.008 – 0.154)
Perceived plant species richness (0.950, 0.733 – 1.168)
5.39
7.97
0.01
37.14
Perceived bird species richness (1.120, 0.828 – 1.411)
10.69 13.27
< 0.01
31.84
Sample plant species richness* (0.157, 0.109 – 0.205)
16.64 19.22
< 0.01
25.89
Pesty bird species richness (-0.015, -0.020 – -0.010)
19.67 22.25
< 0.01
22.86
Flower cover* (0.226, 0.138 – 0.314)
24.21 26.79
< 0.01
18.32
Turf cover* (-0.116, -0.162 – -0.070)
24.52 27.10
< 0.01
18.00
Structural heterogeneity^ (0.307, 0.184 – 0.430)
24.98 27.56
< 0.01
17.55
Respondent age (0.457, 0.230 – 0.685)
30.00 32.58
< 0.01
12.53
Park distance from the CBD* (0.240, 0.111 – 0.368)
31.45 34.03
< 0.01
11.08
Frequency of park use (-0.280, -0.432 – 0.129)
31.65 34.23
< 0.01
10.87
Bird abundance (-0.003, -0.005 – -0.001)
32.28 34.86
< 0.01
10.24
Canopy cover (0.008, 0.003 – 0.014)
34.88 37.46
< 0.01
7.65
Plant abundance^ (0.433, 0.138 – 0.728)
35.23 37.81
< 0.01
7.30
Sample bird species richness (0.062, 0.005 – 0.119)
38.27 40.85
< 0.01
4.26
UGS surrounding park (0.010, 0.001 – 0.020)
38.66 41.24
< 0.01
3.86
Prior negative affective state (-1.121, -2.205 – -0.037)
38.68 41.26
< 0.01
3.85
Prior positive affective state (1.310, -0.026 – 2.646)
39.04 41.62
< 0.01
3.48
Park size (0.127, -0.240 – 0.278)
39.94 42.52
< 0.01
2.59
Constant only model
40.05 42.63
Plant nativeness (0.004, -0.002 – 0.010)
41.01 43.59
< 0.01
1.52
Gender (0.022, -1.400 – 1.444)
42.53 45.11
< 0.01
0.00
Δi
Place affect ‘relaxing’ models
AICc
wi
ꭓ2
AICc
Pesty bird species richness (-0.015, -0.021 – -0.009) +
23.88
0.00
0.89
34.46
sample plant species richness* (0.103, 0.046 – 0.161)
Pesty bird species richness (-0.016, -0.022 – -0.010) +
28.54
4.66
0.09
29.77
frequency of park use (-0.192, -0.343 – -0.041)
Pesty bird species richness (-0.019, -0.026 – -0.013)
31.52
7.64
0.02
24.12
Perceived plant species richness (0.955, 0.587 – 1.323)
36.99 13.11
< 0.01
18.65
Structural heterogeneity^ (0.375, 0.220 – 0.531)
38.93 15.05
< 0.01
16.71
Sample plant species richness* (0.167, 0.098 – 0.237)
39.00 15.12
< 0.01
16.64
Canopy cover (0.014, 0.008 – 0.020)
40.07 16.19
< 0.01
15.57
Park distance from the CBD* (0.333, 0.182 – 0.484)
41.07 17.19
< 0.01
14.57
Turf cover* (-0.130, -0.191 – -0.068)
42.12 18.24
< 0.01
13.52
Perceived bird species richness (1.012, 0.513 – 1.511)
42.94 19.06
< 0.01
12.70
UGS surrounding park (0.021, 0.011 – 0.032)
43.05 19.17
< 0.01
12.59
Respondent age (0.551, 0.264 – 0.839)
44.06 20.18
< 0.01
11.58
396

Frequency of park use (-0.353, -0.541 – -0.165)
Flower cover* (0.210, 0.082 – 0.339)
Bird abundance (-0.004, -0.006 – -0.001)
Plant abundance^ (0.045, 0.012 – 0.077)
Sample bird species richness (0.089, 0.020 – 0.159)
Constant only model
Prior negative affective state (-1.132, -2.513 – 0.248)
Prior positive affective state (0.868, -0.866 – 2.602)
Gender (0.697, -1.054 – 2.449)
Plant nativeness (0.000, -0.008 – 0.008)
Park size (0.002, -0.194 – 1.99)
Place affect ‘distressing’ models

44.45
46.78
47.95
48.27
49.84
53.16
53.52
54.69
55.04
55.64
55.64
AICc

Perceived plant species richness (-0.736, -1.027 – 4.991) + prior positive affective state (0.916, -0.011 –
1.843)
Perceived plant species richness (-0.658, -0.915 – 0.402)
Structural heterogeneity^ (-0.254, -0.364 – -0.144)
Pesty bird species richness (0.011, 0.006 – 0.016)
Sample plant species richness* (-0.104, -0.155 – -0.052)
Perceived bird species richness (-0.684, -1.035 – 0.334)
Canopy cover (-0.008, -0.013 – -0.004)
Turf cover* (0.080, 0.035 – 0.125)
Park distance from the CBD* (-0.184, -0.300 – -0.068)
Flower cover* (-0.149, -0.238 – -0.061)
Bird abundance* (0.051, 0.013 – 0.090)
Respondent age (-0.293, -0.511 – -0.075)
Frequency of park use (0.190, 0.048 – 0.332)
UGS surrounding park (-0.011, -0.019 – -0.003)
Plant abundance^ (-0.297, -0.564 – -0.029)
Sample bird species richness (-0.050, -0.100 – -0.001)
Prior negative affective state (0.824, -0.129 – 1.778)
Constant only model
Prior positive affective state (-0.156, -1.377 – 1.066)
Park size (-0.016, -0.152 – 0.121)
Plant nativeness (0.001, -0.005 – 0.006)
Gender (0.043, -1.185 – 1.270)
Place affect ‘gloomy’ models

14.56

0.00

0.49

21.85

15.42

0.86

0.32

18.31

18.12
19.00
21.27

3.56
4.44
6.71

0.08
0.05
0.02

15.61
14.73
12.45

21.82

7.26

0.01

11.91

23.34
23.53
24.41
24.42
27.44
27.47
27.50
27.52
28.42
30.04
31.00
31.25
33.67
33.68
33.69
33.72
AICc

Perceived bird species richness (-0.918, -1.181 – 0.655) + structural heterogeneity^ (-0.198, -0.286 – 0.110)
Perceived plant species richness (-1.024, -1.245 – 0.802)
Perceived bird species richness (-1.225, -1.515 – 0.936)
Structural heterogeneity* (-0.201, -0.264 – -0.139)
Pesty bird species richness (0.017, 0.011 – 0.022)
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20.57
< 0.01
11.19
22.90
< 0.01
8.86
24.07
< 0.01
7.69
24.39
< 0.01
6.45
25.96
< 0.01
5.80
29.28
29.64
< 0.01
2.48
30.81
< 0.01
0.95
31.16
< 0.01
0.60
31.76
< 0.01
0.00
31.76
< 0.01
0.00
Δi
wi
ꭓ2
AICc

8.78
0.01
10.39
8.97
0.01
10.20
9.85
< 0.01
8.40
9.86
< 0.01
9.31
12.88
< 0.01
6.29
12.91
< 0.01
6.26
12.94
< 0.01
6.22
12.96
< 0.01
6.21
13.86
< 0.01
4.39
15.48
< 0.01
3.69
16.44
< 0.01
2.74
16.69
19.11
< 0.01
0.06
19.12
< 0.01
0.05
19.13
< 0.01
0.04
19.16
< 0.01
0.06
Δi
wi
ꭓ2
AICc

-2.19

0.00

0.98

50.89

6.42

8.61

0.01

39.60

10.26

12.45

< 0.01

35.77

20.58
21.44

22.77
23.63

< 0.01
< 0.01

25.45
24.59

Sample plant species richness* (-0.152, -0.208 – -0.096)
Turf cover* (0.117, 0.066 – 0.167)
Plant abundance^ (0.010, 0.005 – 0.014)
Flower cover* (-0.210, -0.312 – -0.108)
Respondent age (-0.460, -0.707 – -0.213)
Park distance from the CBD* (-0.244, -0.382 – -0.105)
Bird abundance* (0.077, 0.033 – 0.121)
Frequency of park use (0.281, 0.116 – 0.445)
UGS surrounding park (-0.011, -0.022 – -0.001)
Sample bird species richness^ (-1.216, -2.268 – -0.164)
Canopy cover^ (-0.601, -1.215 – 0.012)
Prior positive affective state (-1.384, -2.801 – 0.033)
Prior negative affective state (1.058, -0.107 – 2.224)
Constant only model
Park size (-0.111, -0.274 – 0.051)
Plant nativeness (-0.003, -0.010 – 0.003)
Gender (0.475, -1.022 – 1.973)
Preference affect models

26.04
30.48
31.08
32.99
35.01
36.00
36.12
36.54
40.84
41.29
42.55
42.57
43.02
43.55
44.28
45.14
45.64
AICc

28.23
< 0.01
19.99
32.67
< 0.01
15.55
33.27
< 0.01
14.03
35.18
< 0.01
13.04
37.20
< 0.01
13.32
38.19
< 0.01
10.03
38.31
< 0.01
9.91
38.73
< 0.01
9.49
43.03
< 0.01
4.27
43.48
< 0.01
4.74
44.74
< 0.01
3.48
44.76
< 0.01
3.46
45.21
< 0.01
3.01
45.74
46.47
< 0.01
1.75
47.33
< 0.01
0.89
47.83
< 0.01
0.39
Δi
wi
ꭓ2
AICc

Perceived bird species richness (0.511, 0.257 – 0.766) +
-1.83
0.00
0.60
29.12
Bird abundance * (-0.043, -0.068 – -0.018)
Pesty bird species richness (-0.009, -0.013 – -0.004) +
-0.43
1.40
0.30
27.72
Bird abundance* (-0.029, -0.060 – 0.001)
Pesty bird species richness* (-0.124, -0.167 – -0.081)
2.28
4.11
0.08
21.89
Perceived bird species richness (0.711, 0.446 – 0.976)
5.06
6.89
0.02
19.55
Perceived plant species richness (0.563, 0.341 – 0.785)
6.54
8.37
0.01
18.08
Bird abundance* (-0.006, -0.094 – -0.039)
8.00
9.83
< 0.01
16.62
Respondent age (0.317, 0.143 – 0.491)
13.98 15.81
< 0.01
10.63
Structural heterogeneity* (0.099, 0.043 – 0.156)
14.58 16.41
< 0.01
10.04
Sample plant species richness* (0.071, 0.023 – 0.120)
17.30 19.13
< 0.01
7.32
Park distance from CBD* (0.147, 0.045 – 0.249)
17.54 19.37
< 0.01
7.07
Flower cover* (0.096, 0.014 – 0.178)
19.71 21.54
< 0.01
4.90
Turf cover (-0.004, -0.008 – 0.000)
20.33 22.16
< 0.01
4.28
Prior negative affective state (-0.801, -1.609 – 0.007)
21.06 22.89
< 0.01
3.55
UGS surrounding park (0.006, -0.001 – 0.014)
22.04 23.87
< 0.01
2.58
Constant only model
22.14 23.97
Plant nativeness (0.004, -0.001 – 0.008)
22.35 24.18
< 0.01
2.26
Sample bird species richness^ (0.561, -0.210 – 1.332)
22.65 24.48
< 0.01
1.97
Park size (0.083, -0.031 – 0.196)
22.65 24.48
< 0.01
1.97
Frequency of park use* (-0.262, -0.724 – 0.200)
23.41 25.24
< 0.01
1.23
Plant abundance^ (0.110, -0.134 – 0.354)
23.85 25.68
< 0.01
0.77
Gender (-0.411, -1.455 – 0.634)
24.03 25.86
< 0.01
0.59
Notes: UGS = urban greenspace; CBD = central business district; CI = confidence interval;
AICc = Akaike's information criterion corrected for small sample sizes; △i = difference in
AICc values; wi = model weights; and ꭓ2 = the likelihood ratio chi-square, which represents
the change in deviance between the fitted model and the constant only model. ^ = log
transformation. * = square root transformation. Italics indicate the CIs of a parameter
encompassed zero. Bracketed values represent parameter estimates and associated CIs. All
estimates and their CIs were rounded to 3 decimal places. Parsimony was a key determinant
in model selection (i.e., fewest parameters, lowest AICc). Only multivariate models that
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improved the highest ranked univariate model (i.e., lower AICC) were retained. Further,
where a model with a greater number of parameters had a higher AICc value than a model
with identical, but fewer parameters, the former model was discarded when identifying the
most parsimonious model. Multivariate models were excluded from further consideration if
the CIs of any parameter(s) encompassed zero. CIs that encompass zero indicate a nonsignificant relationship, meaning the parameter may have no effect on the response (since its
value could be zero). However, models with CIs that encompassed zero are still presented
(when the model met the parsimony criteria detailed above).
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6
6.1

CHAPTER SIX: SYNTHESIS AND CONCLUSIONS
Summary

Although there has been considerable literature associating a range of psychological benefits
with exposure to urban greenspace (UGS), little is known about which specific aspects of the
physical environment are involved; that is, the ecological characteristics. By understanding
how the psychological outcomes of UGS users are associated with visits (i.e., exposure) to
UGSs (e.g. city parks) hosting varying ecological characteristics, evidence based planning,
design and management of UGSs – such as city parks – that support beneficial psychological
outcomes to UGS users can be undertaken. The work I have presented in my thesis has
achieved my primary aim through supporting my overarching hypothesis (Chapter 1) that the
psychological outcomes reported by park users are strongly associated with the ecological
characteristics of parks and individual factors characterising park users. I have presented
evidence that how the specific ecological characteristics of parks are planned, designed and
managed may significantly influence the psychological outcomes of park users, and attract
different types of park users (i.e., socio-demographic attributes) who use parks in different
ways and for different reasons (i.e., park use factors).
6.2

Synthesis

6.2.1 Identifying my research focus and a suitable type of UGS for my thesis aims
In Chapter 2, I identified a major research priority that became the focus of my thesis. While
psychological measures were most frequently linked to UGS to demonstrate a social–
ecological value of UGS, few studies (e.g. Fuller et al., 2007; Luck et al., 2011; Dallimer et
al., 2012) had linked objectively measured ecological characteristics of urban environments
(e.g. urban parks) to robust, multi-item psychological constructs. There were also conflicting
results across this sub-set of studies (e.g. Fuller et al., 2007; Dallimer et al., 2012) and a need
to consider individual factors such as socio-demographics (Luck et al., 2011). To address
these limitations in the current literature, I selected three robust, multi-item psychological
scales to measure the psychological outcomes of park users during a visit to city parks. Multiitem psychological scales included Russell and Pratt’s Scales of Affective Quality Attributed
to Place (1980), Williams and Vaske’s Place Attachment Tool (2003), and Hartig et al’s
Perceived Restorativeness Scale (1997). Additionally, I selected three single item
psychological outcome metrics, including preference affect (Nordh et al., 2009), perceived
likelihood of restoration (Nordh et al., 2009), and the Inclusion of Nature in Self (INS) scale
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(i.e., connection to nature; Shultz, 2001). I also considered that – in addition to park ecology
variables – individual factors characterising park users may influence these psychological
outcome metrics. Individual factors which I considered included socio-demographiceconomics, how and why parks were used, perceptions of species diversity, and broader
measures of subjective wellbeing.
To clearly define the potential variation in social and ecological qualities of different
UGS sites, I derived a typology of UGS qualities for classifying different types of UGS
(Chapter 2; Hunter and Luck, 2015). I used this typology to inform the selection of UGS sites
to carry out my research aims across Chapters 3, 4 and 5. In doing so, I was able to define
and communicate the specific type of UGS investigated in my study (i.e., city parks). In
Chapter 3, I built on this typology, and proposed that municipally provided UGS in Australia
can be broadly classified into formal recreation (formal sporting activities e.g. ovals),
conservation (species conservation e.g. remnant bushland) and passive recreation
greenspaces. Unlike formal recreation and conservation greenspaces, I proposed that passive
recreation greenspaces (used for activities such as picnicking and walking) are a globally
common type of municipally provided UGS that are not subject to entrenched management
approaches that lead to predictable ecological outcomes. I argued that passive recreation
greenspaces have substantial potential to support psychological benefits to users through
modification of the design and management of park plant and bird assemblages. Therefore,
municipally provided passive recreation greenspaces (i.e., city parks) met the criteria for my
research aims in Chapters 4 and 5 (i.e., to identify ecological factors associated with the
psychological outcomes of park users). Moreover, my research findings are likely to have
tangible applications for city park planning, design and management, owing to the greater
potential to modify the ecological characteristics of passive recreation greenspaces (as
compared with formal recreation and conservation greenspaces).
6.2.2 Positioning my research in a broader theoretical framework
A key concept centrally placed throughout my thesis is social-ecological systems (SESs). In
Chapter 1, I proposed that the Ostrom social-ecological systems framework (SESF; Ostrom,
2007; 2008; 2009; McGinnis and Ostrom, 2014) is of particular use for analysing how
variables characterising city park social and ecological systems interact to produce social and
ecological outcomes at the city park level (e.g. biodiversity and psychological outcomes of
park users). I conceptualised the urban landscape of Sydney, Australia, as a complex, urban
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SES (Andersson et al., 2014). I conceptualised the urban “ecological system” as a spatially
and temporally dynamic network of individual UGSs (i.e., Resource Systems and their
associated Resource Units) embedded within larger, Related Ecosystems. I conceptualised the
urban “social system” as a spatially and temporally dynamic network of individual people
(i.e., Actors) in cities, and the associated set of rules crafted by local, distal or nested
Governance Systems, embedded within larger Social, Economic and Political Settings
(Ostrom, 2007; 2008; 2009; McGinnis and Ostrom, 2014). I further contextualised city parks
as my focal level of SESs analysis (i.e., n = 30 city park Resource Systems with associated
plant and bird Resource Units), and acknowledged their embedment within larger Related
Ecosystems (i.e., a network of UGS and built infrastructure) and Social, Economic and
Political Settings of Sydney, Australia (Appendix AA.3; Figure 1.1).
I then unpacked the SESF in order to demonstrate how each of the social and
ecological variables that I collected data on in Chapters 3, 4 and 5 could be organised within
the multi-tier, hierarchical structure of concepts that comprise this framework (Appendix
AA.3). Where necessary, I expanded the framework (e.g. addition of second-tier and/or thirdtier concepts), or made minor modifications to existing concepts (Appendix AA.5 and AA.6).
Doing so enabled me to accommodate variables of interest to understanding interactions and
outcomes of city park SESs related to my research objectives. I termed the process
relationships (Hinkle et al., 2014; Appendix AA.1) through which interactions between social
and ecological systems of city parks lead to (i) ecological outcome metrics of interest to my
study ‘city park provision’ (e.g. species diversity and abundance; Chapter 3) and, (ii)
perceptions of species diversity and psychological outcome metrics of interest to my study
‘city park visits’ (Chapters 4 and 5) (Appendix AA.4). I presented models showing the
functional pathways explored between variables across key analyses conducted in Chapters 3,
4 and 5 using a series of graphical figures, thereby placing these analyses in a theoretical
context (Appendix AA.7.1 – AA.7.9).
An overview of the pathways identified from key analyses presented in Chapters 4
and 5 is presented in Appendix E.1. Significant pathways identified between response and
predictor variables are shown relative to the positioning of these variables within a first-tier
category of the SESF and associated lower-tier categories. In the sections of this Synthesis
Chapter to follow, I synthesise and discuss my research findings using the common base of
shared terms that comprise the SESF, thereby completing step three of my application of the
SESF to my case study of city park SESs (McGinnis and Ostrom, 2014; Appendix AA.2). To
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do so, I highlight the positioning of variables within first-tier concepts of the SESF, including
Resource Systems (RS), Resource Units (RU), Governance Systems (GS), Actors (A),
Related Ecosystems (ECO) and Social, Economic and Political Settings (S) first-tier concepts
(Figure 1.1; Figure 1.2; Appendix AA.3).
6.2.3 Synthesis of results – analysing city park ecological (e.g. species diversity) and
social (e.g. psychological) outcomes
I first analysed the extent to which key variables characterising the ecological system of city
park SESs (i.e., Resource Systems, Resource Units and Related Ecosystems attributes) varied
across my n = 30 sites. I identified that both social (i.e., Social, Economic and Political
Setting variables such as site age) and ecological factors (i.e., Resource Systems, Resource
Units and Related Ecosystems attributes) drove variation in city park plant and bird
assemblages (i.e., plant and bird species richness and abundance outcome metrics) (Chapter
3; Zivanovic and Luck, 2016). I found that city park sites varied markedly along gradients of
ecological complexity from low to high, resembling habitats as variable as football fields to
rainforests. I identified two park types which differed in key Resource System and Resource
Unit variables: (i) ‘common parks’ hosting low plant species richness and structural
heterogeneity; and (ii) ‘rare parks’ hosting comparatively higher plant species richness and
structural heterogeneity. I also noted a key difference in the Governance Systems of rare
versus common parks, whereby the former were ‘co-managed’ by council with input from
local citizen groups, and the latter were predominantly managed by council only (i.e., GS5 –
Rule making organisations; Appendix AA.3). This finding emerged despite my efforts to
control for Governance Systems variables during my study design and site selection process
through selecting a specific type of municipally provided, publicly accessible, passive
recreation greenspace.
In Chapter 4, I further explored differences between these rare and common park
types. I identified that, compared to common parks, rare parks (i) hosted significantly higher
plant and bird species richness, plant abundance, structural heterogeneity, canopy cover, and
flower cover, (ii) hosted a significantly lower proportion of synanthropic bird species (i.e.,
pesty bird species richness) and lower turf cover, and (iii) were located significantly further
from the CBD (Chapter 4). Hence there were key differences observed between rare and
common parks with regards to variables characterising the ecological (i.e., Resource Systems,
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Resource Units) and social (i.e., Governance Systems) core sub-systems, and the broader
environment (i.e., Related Ecosystem variables) in which parks were embedded.
In my literature review (Chapter 2) I suggested that management type (a Governance
Systems variable) may influence the ecological characteristics of UGS (i.e., Resource
Systems and/or Resource Units variables). I found some support for this from Chapters 3 and
4. Co-management arrangements between local citizen groups and council (i.e., the
Governance Systems variable Rule making organisations; GS5) appeared to be related to
higher biodiversity conservation value and improved ecological condition of city park sites
(Elmqvist et al., 2004; Andersson et al., 2007; Colding and Barthel, 2013). A large proportion
of exotic plant species (i.e., an artificial distinctive characteristic of plant Resource Units;
RU6-b(i)) were recorded across some park sites, but not others; which appeared to be related
to the management objectives of individual park sites. For example, some park management
plans promoted the protection of particular non-native cultivars (e.g. camellias) whereas
others promoted endemic Australian flora. I also discussed in Chapter 2 that management
approach may indirectly influence UGS users’ psychological outcomes arising from
greenspace use through the way ecological characteristics of park are managed. I found some
support for this from Chapters 3, 4 and 5. Compared to respondents using common parks
(low ecological complexity, predominately managed by council only), respondents using rare
parks (high ecological complexity, co-managed between council and local citizen groups)
reported significantly different psychological outcomes (i.e., A8-b Actor variables
characterising individual park users; Chapters 4 and 5), most of which could be considered
more beneficial (Appendix AA.8). However, rare and common parks also attracted a
significantly different park user profile (i.e., A2-a socio-demographic variables) that utilised
city parks differently and cited different motivations for park use (i.e., Resource utility – park
use variables; A8-a). In this way, management approach appeared to be linked to not only the
ecological condition of parks, but also the psychological outcomes of park users, the sociodemographic profile of park users, and how and why parks were used.
Put in a theoretical context, compared to city parks managed by local municipal
councils only, when city park rule making organisations (GS5) consisted of co-management
arrangements between local municipal councils (GS5-a) and community-based organisations
(GS5-d), there were: 1) links with improved ecological (Resource Systems and Resource
Units attributes) and psychological outcome metrics achieved in city park SESs, and 2) key
differences observed in micro-level Actor attributes characterising the park user profile (e.g.
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socio-demographics) and how city park Resource Systems were utilised (i.e., park use
factors).This is an important finding warranting further investigation because co-management
arrangements may be an effective way to concurrently promote biodiversity conservation in
UGSs (e.g. through local citizen input to management plans and everyday maintenance of
council owned parks; Elmqvist et al., 2004; Andersson et al., 2007; Colding and Barthel,
2013) and support more beneficial psychological outcomes to some park users through the
promotion of human interaction with nature and biodiversity (Dunn et al., 2006; Sandifer et
al., 2015).
In Chapter 3, I identified that the majority of city parks supported low avian species
diversity and found some evidence that aggressive, large-bodied synanthropic bird species
(i.e., pesty species) were dominating city park bird assemblages. In turn, I suggested that park
users are likely to encounter substantially different bird assemblages depending on the park
site they visit, however, encounters with aggressive bird species are likely and the species
diversity may be low. The dominance of pesty bird species in some city park sites was a
pivotal research finding which lead me to consider of the proportion of pesty bird species
richness in each park as an ‘artificial distinctive characteristic’ (i.e., RU6-b; Appendix AA.3)
of urban bird assemblages which may be associated with the psychological outcomes
reported by park users (analysed in Chapters 4 and 5). (See Dallimer et al. (2012), who
suggested ‘charismatic bird species’ may be associated with psychological outcomes).
Indeed, in Chapters 4 and 5, I identified that pesty bird species richness was strongly
associated with particular psychological outcome metrics reported by park users (e.g.
preference affect and place affect relaxing).
In Chapter 2, I identified some contention around studies associating the level of
species diversity of parks to psychological outcome metrics reported by park users. This
contention centred on using park users’ perceived (i.e., A7-a; Actor variables), versus
ecologically sampled (i.e., RS5-b; Resource Systems variables), metrics of species diversity.
These studies (and others reviewed in Chapter 4) suggested the importance of assessing
associations with both perceived and sampled measures of species richness when seeking to
determine relationships between the biodiversity of parks and park users’ psychological
outcomes from a visit to parks. Indeed, Dallimer et al. (2012) advocated that both types of
measures contribute to understanding how different types of biodiversity can deliver
beneficial psychological outcomes to park users. In Chapter 2, I also highlighted that Fuller et
al. (2007) and Dallimer et al. (2012) discussed the importance of determining factors which
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may cue park users’ perceptions of park plant and bird species richness, as these perceptions
may operate through proxy mechanisms (e.g. structural heterogeneity, canopy cover).
In Chapter 4, I found support for Fuller et al’s (2007) structural heterogeneity
hypothesis; that is, that vegetation density may cue perceptions of park plant and bird species
richness. My finding in Chapter 3 that n = 6 bird species which could be classified as
synanthropic species (i.e., pesty bird species richness) were dominating the majority of city
park bird assemblages lead me to consider this as a factor which may cue park users’
perceptions of bird species richness in Chapter 4. Indeed, pesty bird species richness fully
mediated the relationship between sampled and perceived levels of bird species richness. I
proposed this finding may explain why: i) neither myself, Fuller et al. (2007), Dallimer et al.
(2012) or Shwartz et al. (2014) found a significant correlation between perceived and
sampled levels of bird species richness (Chapter 4); and ii) myself and Dallimer et al. (2012)
found a stronger association between psychological outcome metrics and perceived, as
opposed to sampled, levels of bird species richness (see Chapters 4 and 5 univariate
generalised linear modelling results). Hence, there is merit to future researchers
characterising park bird assemblages beyond total species counts when seeking to determine
relationships with constructs measuring park user’s psychological outcomes.
In Chapter 4, I identified that perceived and sampled measures of plant and bird
species richness generally corresponded well, suggesting it is plausible to associate
psychological outcome metrics reported by park users (Chapters 4 and 5) with ecologically
sampled levels of park species diversity (Chapter 3). Perceived levels of plant and perceived
levels of bird species richness were consistently positively associated with park users
reporting more beneficial psychological outcomes (Chapters 4 and 5). Hence, in contrast to
Dallimer et al. (2012), I found strong support for aligning biodiversity conservation with
supporting more beneficial psychological outcomes to park users when managing city park
plant and bird assemblages (Fuller et al., 2007; Carrus et al., 2015; Sandifer et al., 2015).
Given increasingly urbanised landscapes worldwide (McKinney 2002; 2008), and a
growing need to manage UGS sustainably, this finding has important implications for how
city park Resource Systems are managed. Sustainability may be demonstrated using
indicators (i.e., measures that represent beneficial social and/or ecological outcomes of city
parks). To be considered sustainable, city parks will ultimately need to support beneficial
ecological outcomes (e.g. indicators such as species diversity) and/or beneficial social
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outcomes (e.g. indicators of city parks as important leisure resources (Veal, 2006), places
where urban residents can have contact with the broader natural world (Dunn et al., 2009), or
for supporting beneficial psychological outcomes to users (Fuller et al., 2007)). In some
instances, park Governance Systems (e.g. local councils) may prioritise the former, and in
other instances the latter, through park management objectives/policies. The important
implication from my research is that local councils responsible for the ongoing provision and
management of city park Resource Systems and Resource Units, need not necessarily
consider achieving beneficial ecological outcomes (such as plant and bird species diversity),
and supporting beneficial psychological outcomes to users’, as mutually exclusive park
management objectives (although in some instances, they may well prove to be).
Dallimer et al. (2012) asserted that there may be more relevant measures of park
ecology than species diversity (i.e., other Resource System and Resource Unit variables) to
relate to psychological outcome metrics reported by park users. I found some support for this
from univariate GLMs in Chapters 4 and 5, given the majority of psychological outcome
metrics (n = 8) were more strongly associated with variables other than perceived (Chapter 4)
or sampled (Chapter 3) levels of park plant and/or bird species diversity. Pesty bird species
richness was the ecological variable with the strongest association with preference affect, the
place affect component exciting and the place attachment component dependence. Bird
abundance was the ecological variable most strongly associated with the perceived
restorativeness component compatibility and the place attachment dimension identity. Plant
abundance was the ecological variable most strongly associated with the perceived
restorativeness component legibility. The park use variables motivation for park use ‘to get
back to nature’ and ‘for peace and tranquillity’ were two individual factors most strongly
associated with connection to nature, and perceived likelihood of restoration, respectively.
The remaining n = 5 psychological outcome metrics (i.e., place affect components exciting,
distressing and gloomy and perceived restorativeness components being away and
fascination) were most strongly associated with park users’ perceived level of plant species
richness. Hence, in support of Dallimer et al. (2012), my univariate GLMs suggested that
while species diversity was sometimes an important factor associated with the psychological
outcomes of park users, more often than not, other variables characterising park plant and
bird assemblages had stronger associations with the psychological outcomes of park users.
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6.3

Park planning, design and management

Regarding park plant assemblages, I found evidence that park planners may have
considerable control over park users’ psychological outcomes from a visit to parks depending
on the type of vegetation mandated in park management plans (Hull and Harvey, 1989). My
results provide some evidence that increasing the vegetation complexity of parks may yield
more beneficial psychological outcomes to park users. Yet, there was also evidence that parks
hosting significantly different vegetation complexity (i.e., rare versus common parks)
attracted a significantly different park user profile that used parks differently and cited
different motivations for park use (i.e., Actor variables characterising individual park users).
Managing the vegetation complexity of parks is therefore likely a contentious and
multifaceted issue. Relative to park users’ impetus for park use, low vegetation complexity
may be suitable for some park users (e.g. parents with small children) and high vegetation
complexity may be suitable for others (e.g. people wanting to connect with nature). Expecting
a single ‘best’ type of vegetation structure within a park is therefore likely to be misleading.
One way for local governance systems (e.g. local councils) to support the competing
needs of different types of park users may be through the provision of a suite of locally
accessible parks that vary along gradients of high to low vegetation complexity (Fuller et al.,
2007). An alternative approach to support the competing needs of different user groups may
be to design parks with varying levels of vegetation structure within individual park sites.
Provisioning of ecologically heterogeneous greenspaces in such ways can therefore enable
park users to access the type of natural environment(s) from which they benefit
psychologically the most, depending on their life stage and motivation for park use
(Swanwick et al., 2003; Fuller et al., 2007; Swanwick, 2009). Another approach to managing
park plant assemblages that supports beneficial ecological outcomes (e.g. biodiversity) and
psychological outcomes to park users, may be, as previously discussed, for local councils to
foster co-management arrangements with local community based organisations (Elmqvist et
al., 2004; Andersson et al., 2007; Colding and Barthel, 2013).
I also found evidence that park managers may have considerable control over park
users’ psychological outcomes from a visit to parks depending on how park bird assemblages
are managed (Chapters 4 and 5). Exposure to parks dominated by an increasing proportion of
pesty bird species richness (i.e., species classified as synanthropic) and high bird abundance
was consistently negatively associated, whereas increasing perceived levels of bird species
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richness was consistently positively associated, with more beneficial psychological outcomes
reported during park use. I raised concern over evidence that park bird assemblages were
dominated by large-bodied, aggressive bird species and the low level of species diversity
recorded in some park sites. Recent scientific opinion (Piper and Catterall, 2003; Haythorpe
et al., 2014) suggests that management of urban bird assemblages should shift from a narrow
focus on whether a species is native or not, towards an objective assessment of each bird
species’ impact on broader urban bird assemblages; which may reasonably be extended to
assess each bird species’ impact on psychological outcomes reported by park users. For
example, I classified two Australian native (i.e., endemic) species as ‘pesty’ species in my
study – the Noisy Miner (Manorina melanocephala) and Australian White Ibis (Threskiornis
molucca) – both of which were abundant across my city park sites. Both species have been
associated with impoverished bird communities in prior studies (see Chapter 3) and were
negatively associated with what I classified to be more beneficial psychological outcomes
(Appendix AA.8) reported by park users (Chapters 4 and 5). More targeted research is
required to assess how exposure to a broad range of bird species influences specific
psychological outcome metrics reported by park users’ (e.g. Brock et al., 2017).
6.4

Study strengths, limitations and directions for future research

I consider the use of my typology of UGS qualities to inform site selection of a very specific
type of UGS (i.e., city parks) to have strengthened, rather than limited, my study. Controlling
for potentially confounding variables (e.g. water; Ulrich, 1983; White et al., 2010), or at least
acknowledging them, is a fundamental consideration to study design when investigating
psychological outcomes arising from human contact with natural environments. I identified
that even a very specific type of UGS – local council provided, passive recreation greenspace
– can vary along gradients of low to high ecological complexity, and that this variation was
associated with beneficial aspects of psychological outcomes reported by park users.
While the term ‘passive recreation greenspace’ is widely used in Australian planning
and zoning relating to local and state level governance of UGSs, this terminology (i) may not
be widely transferable or applicable to other regions (e.g. UK and USA planning systems),
and (ii) does not capture particularly well active uses of city parks (e.g. walking, informal
sports and exercise). Nonetheless, I consider that this descriptive nomenclature (i.e., passive
recreation greenspace) was a useful terminology when applied to my case study, with regards
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to distinguishing city parks from formal recreation (e.g. sports fields) and conservation (e.g.
nature preserves) greenspaces.
Despite the strengths of my study, there were some notable limitations.
It is important to first explicitly acknowledge the issue of self-selection bias which
applies to my study, and indeed any in-situ study, of park users. In the context of my study,
self-selection bias relates to park users selecting themselves into a park site, through visiting
a park, therefore causing a biased sample. This self-selection bias issue relates to my analysis
overall, and my discussion throughout Chapters 4 and 5. Specifically, my (i) discussion of the
‘rare’ parks in comparison with the ‘common’ parks, and the differential benefits reported by
visitors to ‘rare’ parks, and (ii) discussion of respondent-level data driving park use and
motivations for that use. One reason why self-selection bias is important to note is that it is
possible that there are characteristics of existing parks that confer psychological benefits to
individuals who visit (hence they are there), whereas this is not the case for individuals who
do not visit. In turn, non-park users (who may not psychologically benefit from use of such
parks, hence they are not there) responses across psychological outcome metrics are not
accounted for. Therefore, expecting a single best park can be identified that will support
beneficial psychological outcomes to all users is likely impractical. As discussed by
Swanwick (2009), a more practical management approach seems to centre on providing a
diversity of landscapes (i.e., a ‘portfolio of places’), where different individuals can enjoy
different landscapes at different times and for different purposes.
Second, ecological sampling occurred over only one season – Spring, 2013. Variables
characterising park plant (e.g. flower and foliage cover) and bird assemblages (e.g. presence
of migratory bird species) may vary over different seasons and, in turn, park users’
psychological outcomes may also vary. Third, I did not consider the influence of varying
weather conditions on park users’ psychological outcomes (e.g. temperature; Lafortezza et
al., 2009). Fourth, while I had planned to collect detailed information on the number of other
adults, children and/or pets that park users visited parks with, I had difficulty collecting this
information in the field. Instead, I simply recorded whether park users visited ‘alone’ or ‘not
alone’ (i.e., with another adult, child and/or dog). Given research indicates visiting parks with
children may be less restorative than visits without children (White et al., 20013), this was a
limitation to my analysis. Fifth, I did not measure park users’ internal affective states during
park use. In turn, I was unable to determine whether affective quality attributed to parks was
410

associated with park users’ internal affective states during park use (see Chapter 5; section
5.4.10). For example, it is possible that when park users are exposed to natural environments
hosting increasing levels of perceived and/or sampled species diversity, park users not only
describe parks as increasingly exciting places to visit, but also feel increasingly excited within
themselves. This is an important possibility warranting further investigation. Research
findings can inform evidence based planning, design and management of city park plant and
bird assemblages that support the affective wellbeing of park users.
Through a series of experimental/intervention design research, it would be beneficial
to conduct studies comparing the psychological outcomes of visits to passive recreation
greenspaces and broader types of municipally provided UGS (e.g. formal recreation or
conservation greenspaces), domestic gardens, institutional grounds (e.g. schools, universities)
and other types of UGS (e.g. urban agriculture, green roofs), that vary in ownership,
governance, management, access and other social qualities outlined in my typology of UGS
qualities (Chapter 2). Such research can assist in identifying the types of UGS that may be
most beneficial to the psychological health of normative and ‘at risk’ populations.
One example of an at risk population are older Australians (> 65 years) living in
residential aged care facilities (RACFs) who presently report much higher rates of anxiety
and depression than community-dwelling older Australians (AIHW, 2013). I found evidence
that compared to common parks, older respondents were overrepresented in ecologically
complex, rare parks. Moreover rare park users reported more beneficial psychological
outcomes and higher life satisfaction than common park users. While my research did not
specifically examine the effect of park use on older people living in RACFs, future
researchers following up on my findings can begin to identify the type of UGS plant and
animal assemblages most beneficial to this at risk population for mental health problems.
Doing so can assist in planning and designing parks in close proximity to RACF hosting plant
and bird assemblages most likely to yield measurable improvements to RACF residents’
psychological health and wellbeing (e.g. improved life satisfaction).
In summary, multidisciplinary research is pivotal to understanding how human
exposure to UGS with varying ecological characteristics is associated with the type and
strength of psychological outcome metrics reported by UGS users. Two disciplines with
substantial potential to contribute to this line of inquiry are urban ecology and environmental
psychology, both of which I drew heavily on throughout my study. I combined aspects of
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both disciplines using a multidisciplinary, multi-method approach that was theoretically
grounded in the concept of social-ecological systems. In doing so, I have provided evidence
that both the ecological characteristics of parks, and individual factors characterising park
users, drive variation in the psychological outcomes of park users.
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Appendix E
E.1: Summary of pathways identified across Chapters 4 and 5: variable information and
explanation of figures.
Predictor variables are organised into groups of measures, and presented in a circular
ordering based on their positioning within the Ostrom social-ecological systems framework
(SESF; Ostrom, 2009; McGinnis and Ostrom, 2014; Appendix AA.3) That is, each predictor
is organised within either the Actors, Related Ecosystems, Resource Units or Resource
Systems first-tier variable category. No variables from either the Governance Systems, or
Social, political and economic settings first-tier categories of the SESF were hypothesised to
drive response variables listed in figures E.1.1 – E.1.4; hence these first-tier variable
categories are omitted from figures. Solid and/or dotted lines indicate a significant
association / some support was identified between the predictor and the response variable.
Solid lines indicate the response variable increased, whereas dotted lines (where present)
indicate the response variable decreased, as the predictor variable increased. For response
variables analysed using univariate generalised linear modelling (E.1.2 and E.1.3), bracketed
values next to solid/dotted lines indicate the model weight (wi ≥ ± 0.01 models are shown).
For response variables analysed using multivariate generalised linear modelling (E.1.3), the
model with the strongest support (i.e., highest model weight; wi) in explaining each response
variable is shown: model weights (wi) are listed in the inner circle, and the full model is
written below each figure (where bracketed values indicate parameter estimates and
associated confidence intervals). The variable codes used in figures E.1.1 – E.1.4 are as
follows:

Actor variables characterising individual park users include (i.e., [A]):
n = 13 psychological outcome metrics
- INS = Inclusion of nature in self (i.e., connection to nature)
- AWAY = perceived restorativeness: being away
- FASC = perceived restorativeness: fascination
- LEG = perceived restorativeness: legibility
- COM = perceived restorativeness: compatibility
- PAID = place attachment: identity
- PAD = place attachment: dependence
- LREST = perceived likelihood of restoration
- PREF = preference affect (i.e., level of liking)
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- PAEX = place affect: exciting
- PADIST = place affect: distressing
- PAGL = place affect: gloomy
- PAR = place affect: relaxing
n = 2 broader subjective wellbeing variables
- NA = negative affect (experienced over the past month)
- PA = positive affect (experienced over the past month)
n = 9 park use variables
- A_TIME = duration of park use at time of interview (i.e., actual time)
- I_TIME = intended duration of park use on day of interview (i.e., intended time)
- FREQ = frequency of park use
- DIST = distance travelled to use park
- ALONE = respondents who did not visit with another adult, child or dog
- MOTP = motivation to use park for physical exercise
- MOTN = motivation to use park to get back to nature
- MOTT = motivation to use park for peace and tranquillity
- MOTS = motivation to use park to socialise
n = 4 socio-demographic/economic variables
- ENG = proportion of respondents whose primary language spoken at home was English
- AGE = age of respondents
- MALE = proportion of park users of male gender
- BACH = proportion of park users with a Bachelor Degree or higher level of education
n = 3 perceptions of nature variables
- PBSR = perceived level of bird species richness
- PPSR = perceived level of plant species richness.
- SDS = species differentiation skills (score out of eight bird pairs)
Resource System variables characterising the ecology of city parks include (i.e., [RS])
n = 5 ecological variables
- PSR = sample plant species richness
- BSR = sample bird species richness
- SIZE = park size
- TC = proportion of park covered in mown turf
- CC = percent canopy cover
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Resource Unit variables characterising plants and birds include (i.e., [RU])
n = 6 ecological variables
- BAB = bird abundance
- PAB = plant abundance
- NAT = proportion of native plant species
- PESTY = proportion of bird species classified as pesty
- SH = structural heterogeneity (i.e., density) of vegetation
- FC = number of woody plants with flowers present
Related Ecosystem variables characterising the broader urban landscape include (i.e.,
[ECO])
n = 2 ecological variables
- DCBD = park distance from the central business district
- UGS = amount of UGS surrounding each park
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(i)

Perceived plant species richness

(ii)

Perceived bird species richness

(iii)

Alignment plants

(iv)

Alignment birds

E.1.1: Significant pathways identified from recursive binary partitioning (i.e., ctree analysis;
Chapter 4, Aim 2) for n = 4 response variables: (i) perceived plant species richness, (ii)
perceived bird species richness, (iii) alignment between perceived and ecologically sampled
plant species richness, and (iv) alignment between perceived and ecologically sampled bird
species richness.
Notes: Response variables are presented in the inner circle of figures i – iv. Predictor
variables hypothesised to drive response variables are listed on the outer circles of figures i –
iv (organised with reference to their positioning within the Ostrom Social Ecological Systems
Framework). Solid lines indicate a significant association was identified during recursive
binary partitioning (i.e., split with a p-value < 0.05). [RS] = Resource System variable, [RU]
= Resource Units variable, [A] = Actor variable (i.e., individual factor characterising park
users), [ECO] = Related Ecosystems variable.
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(i)

Connection to nature (INS)

(ii)

Being away (AWAY)

(iii)

Fascination (FASC)

(iv)

Compatibility (COMP)

(v)

Legibility (LEG)

(vi)

Likelihood of restoration (LREST)
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(vii)

Identity (PAD)

(viii)

Dependence (PAD)

Figure E.1.2: Significant pathways identified from univariate generalised linear modelling
for n = 8 psychological outcome metrics: connection to nature (INS); perceived
restorativeness components being away (AWAY), fascination (FASC), compatibility
(COMP) and legibility (LEG); perceived likelihood of restoration (LREST); and, place
attachment dimensions place identity (PAID) and place dependence (PAD) (Chapter 4, Aim
3).
Notes: Response variables are presented in the inner circle of figures i – viii. Predictor
variables that were hypothesised to drive response variables are listed on the outer circles of
figures, and are organised with reference to their positioning within the Ostrom Social
Ecological Systems Framework. Where present, lines linking outer-circle predictor variables
to inner-circle response variables indicate some support from univariate generalised linear
modelling (i.e., model weight ≥ ± 0.01). Solid lines indicate the response variable increased,
whereas dotted lines indicate the response variable decreased, as the predictor variable
increased. Bracketed values next to solid/dotted lines indicate the model weight (≥ ± 0.01
models are shown). For full model results, see Table 4.7 and Appendix C.15). [RS] =
Resource System variable, [RU] = Resource Units variable, [A] = Actor variable (i.e.,
individual factor characterising park users), [ECO] = Related Ecosystems variable.
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(i)

Connection to nature (INS)

(ii)

Being away (AWAY)

(iii)

Fascination (FASC)

(iv)

Compatibility (COMP)

(v)

Legibility (LEG)

(vi)

Likelihood of restoration (LREST)
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(vii)

Identity (PAID)

(viii)

Dependence (PAD)

Figure E.1.3: Significant pathways identified from multivariate generalised linear modelling
for n = 8 psychological outcome metrics: connection to nature (INS); perceived
restorativeness components being away (AWAY), fascination (FASC), compatibility
(COMP) and legibility (LEG); perceived likelihood of restoration (LREST); and, place
attachment dimensions place identity (PAID) and place dependence (PAD) (Chapter 4, Aim
3).
Notes: Response variables are presented in the inner circle of figures i – viii. Predictor
variables included in multivariate model construction against each response variable
(Appendix C.8) appear on the outer-circle of figures, and are organised with reference to their
positioning within the Ostrom Social Ecological Systems Framework. The multivariate
model with the strongest support (i.e., highest model weight; wi) in predicting each response
variable is shown. Solid lines indicate the model parameter increased, whereas dotted lines
indicate the model parameter decreased, as the predictor variable increased. Model weights
(wi) are listed in the inner circle. The full model is written below each figure, where
bracketed values indicate parameter estimates and confidence intervals (For full results, see
Appendix; C.16). [RS] = Resource System variable, [RU] = Resource Units variable, [A] =
Actor variable (i.e., individual factor characterising park users), [ECO] = Related Ecosystems
variable.
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(i)

Place affect – distressing

(ii)

Place affect – exciting

(iii)

Place affect – gloomy

(iv)

Place affect – relaxing

(v)

Preference affect

Figure E.1.4: Significant pathways identified
from univariate generalised linear modelling
for n = 5 affect response variables: place
affect dimension distressing, exciting,
gloomy and relaxing, and preference affect
(Chapter 5, Aim 2).
Notes: Response variables are presented in
the inner circle of figures i - v. Predictor
variables hypothesised to drive response
variables are listed on the outer circles of
figures i – v, and are organised with reference
to their positioning within the Ostrom Social
Ecological Systems Framework. Where
present, lines linking outer-circle predictor
variables to inner-circle response variables indicate some support from univariate GLM
results (model weight ≥ ± 0.01). Solid lines indicate the response variable increased, whereas
dotted lines indicate the response variable decreased, as the predictor variable increased.
Bracketed values next to solid/dotted lines indicate the model weight (wi ≥ ± 0.01 are shown).
For full model results, see Table 5.1; Appendix D.1. [RS] = Resource System variable, [RU]
= Resource Units variable, [A] = Actor variable, [ECO] = Related Ecosystems variable.
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