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Abstract

Worldwide, human populations are growing, the climate is changing, and natural
habitat is being converted to alternative land-uses. In particular, urbanisation has both
positive and negative implications for society and biodiversity conservation. Within
cities, there is increasing evidence that green (e.g. parks, gardens) and blue spaces (e.g.
rivers, coast) can benefit human subjective wellbeing by restoring attentional fatigue
and reducing stress, while also providing resources to support biodiversity. However,
it remains unclear how biodiversity, and other specific features of urban green and
blue spaces, enhance or detract from wellbeing. These details are crucial to informing
land-use management and policy decisions in towns and cities. Much of the existing
evidence originates from the global North, despite biodiversity loss, population
growth, and urbanisation rates accelerating in the global South. Drawing on theories
and methods from multiple disciplines, this thesis empirically explores relationships
between green and blue spaces and human wellbeing in Georgetown, the capital city
of Guyana. This biodiversity-rich country in northern South America has the highest
rate of suicide worldwide and is poised to transform due to the discovery of vast
quantities of off-shore oil. First, |1 expose a dose-response relationship between
patterns of visitor use to urban green and blue spaces and experiential wellbeing,
finding that age, safety concerns, and nature-relatedness dictate patterns of use.
Second, I show that green and coastal blue spaces are important for bird diversity and
human wellbeing respectively, although the two do not relate. Third, | assess how
human perceptions of bird diversity, naturalness, sounds, and safety affect wellbeing,
influenced by how restorative these spaces are perceived to be. Finally, 1 use
participatory video to triangulate earlier findings, discovering that biodiversity
provides a multisensory experience, with place attachment, personal insecurity, and
cultural beliefs contributing to wellbeing in green and coastal blue space. This
interdisciplinary thesis makes important empirical contributions to the field of
biodiversity-wellbeing research, representing the first evidence gathered from
neotropical South America. Overall, my results provide a valuable evidence-base to
inform the development of interventions (e.g. targeted public health and educational
campaigns) in biodiversity-rich cities like Georgetown. From a wider perspective,
these findings could be harnessed by policy-makers striving to meet international

targets on sustainability while maximising human quality of life at a national scale.
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Chapter 1. Introduction

1.1 Biodiversity in a changing world

Today, approximately 7.7 billion people exist on Earth, a figure expected to reach ~11
billion by 2100 (United Nations 2019). Human demand for food, energy and shelter is
driving global land-use change at an unprecedented rate, 60% of which has been
caused by agricultural conversion, resource extraction, infrastructural development
and urbanisation over the last 35 years (Song et al., 2018). Indirect drivers of land-use
change are responsible for the remaining 40%, such as increases in atmospheric carbon
dioxide, surface temperatures, and ocean acidification (Steffen et al., 2015), in turn
affecting the frequency of wildfires, landslides, glacial retreat, and disease (Song et
al., 2018). Coupled together, the direct and indirect effects of human-induced land-use
change are causing widespread declines in biodiversity through habitat loss and
fragmentation, overexploitation, invasive species and pollution (Dirzo et al., 2014;
Tilman et al., 2017). We are now experiencing what is considered Earth’s sixth mass
extinction event (Ceballos et al., 2017), with extinction rates thought to be over 1000
times what would exist without human impact (Pimm et al., 2014). It is estimated that,
on average, approximately 13% of species diversity has been lost since 1500 (Newbold
etal., 2015).

Over the next century, biodiversity loss is predicted to be further exacerbated by
human population growth if the current trends continue unabated (Ceballos et al.,
2017). The impacts will be greatest in biodiverse regions where demographic and
economic growth are rapidly increasing, particularly Africa, Asia, and South America
(Barlow et al., 2018; Steffen et al., 2015; Tilman et al., 2017). This is particularly
concerning given that the world’s most biodiverse regions are found in the tropical
global South, which covers just 40% of Earth’s surface, but provides habitat for 75%
of amphibian species, freshwater and marine fish, ants, flowering plants, and terrestrial
mammals, as well as harbouring six times more endemic bird species than in

temperature regions (Barlow et al., 2018).

Biodiversity is critical, as it underpins the functioning of Earth’s natural systems and
the support they provide to humanity, which can be conceptualised as ‘ecosystem
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services’ (Millenium Ecosystem Assessment 2003). The human population therefore
places itself in harm’s way by jeopardising the myriad ecosystem service benefits
provided by the natural world, and it is vital that effective conservation efforts and
good environmental governance are employed to stem future biodiversity losses and

secure a sustainable future (Rands et al., 2010; Tilman et al., 2017).
1.2 Global urbanisation

1.2.1 Implications of urbanisation for society

Approximately 54% of the world’s human population currently live in urban areas
(UN-Habitat 2016) and, by 2050, it is expected that figure will reach nearly 70%
(United Nations 2018). People are migrating to cities across the globe, attracted by the
prospect of wealth, education, and socioeconomic progress, or seeking refuge from
natural disasters or war (UN-Habitat 2016). To accommodate general population
growth, as well as this influx of rural-to-urban migrants, the land cover of cities is
projected to grow 114% and 315% between 2000 and 2050 in the global North and
global South respectively (Angel et al., 2011).

Certainly, cities can offer opportunities for knowledge sharing and education,
adequate housing, better healthcare and social equality, thus facilitating development
opportunities (United Nations 2018). Yet, poor urban planning and inadequately
managed expansion can lead to severe overcrowding, pollution, and poor sanitation,
characteristics typical of global South cities (UN-Habitat 2016). These factors can then
enhance the vulnerability of urban areas to the effects of global environmental change
(e.g. extreme weather events, sea-level rise, pandemics), particularly where risk-
assessment and mitigation strategies are largely absent (Parnell et al., 2007;
Capolongo et al., 2020; Ward et al., 2016). As human-induced climate change
increases the frequency with which natural disasters affect cities, those with poor
capacity for response and adaptation will be the worst hit (Parnell et al., 2007). For
example, Neumann et al., (2015) note that while over one third of the world’s
population live near a coastline, the considerable need to counter the risk of sea-level
rise has yet to be addressed. Moreover, the multiple stressors caused by living in cities
can lead to a prevalence of physical (e.g. respiratory illnesses, cardiovascular disease)
and psychological health disorders (e.g. anxiety, depression) amongst urban
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populations (Abbot 2012; Peen et al., 2010; World Health Organization 2016a).
Managing these economic, societal, and environmental challenges in the face of rapid
urbanisation requires effective policies, good local governance and leadership (UN-
Habitat 2016).

1.2.2 Implications of urbanisation for biodiversity

Urbanisation can have detrimental consequences for biodiversity. Worldwide, urban
expansion is leading to habitat loss and fragmentation (Liu et al., 2016), and it is
anticipated that urban growth could threaten an additional 290,000 km? of natural
habitat between 2000 and 2030 (McDonald et al., 2018). The associated edge effects,
decrease in habitat patch sizes, and lack of connectivity between remnant fragments
further contributes to ecological degradation and limits the ability of biodiversity to
persist in urban areas (McDonald et al., 2018; Beninde et al., 2015). Moreover, as
centres of international movement and commerce, cities facilitate the colonisation of
invasive species that compete with native biodiversity, and can be both economically
and socially problematic (Guneralp and Seto 2013; Gallardo 2014; Francis and
Chadwick 2015).

The relationship between biodiversity conservation and urbanisation is multifaceted
and complex (McDonald et al., 2018). Urban landscapes can be highly heterogeneous,
due to the variety of land-uses and plant diversity at small spatial scales (McKinney
2008), providing a more diverse set of ecological niches and resources to support other
biodiversity (de Oliveira and Mell 2019). As such, urban green spaces such as parks,
gardens, cemeteries, allotments, riparian corridors, green roofs, roadside verges, and
informal greenery can provide opportunities for biodiversity to thrive in city
landscapes (Baldock et al., 2019; Aronson et al., 2017; lves et al., 2016; Buchholz et
al., 2016; Dallimer et al., 2012; O’Sullivan et al., 2017; Theodorou et al., 2020;
Goddard et al., 2010), although the size and composition of features within green

spaces remains a key factor (Beninde et al., 2015).

1.2.3 Urban ecosystem services and disservices

Conserving urban green spaces and biodiversity can have economic, societal and
environmental implications (TEEB 2011), providing an improved quality of life for
city residents (Luederitz et al., 2015; EImqgvist et al., 2013; McDonald et al., 2018).
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Urban green spaces have been recognised by the World Health Organisation (WHO)
as a critical centrepiece of urban design due to the contribution they make to human
health (World Health Organisaion 2016b). Highlighting how urban biodiversity can
benefit people living in cities is critical where local budget cuts and competing
priorities for other land-uses take precedent over green space in planning and
management decision-making (Abbot 2012; van den Bosch and Nieuwenhuijsen
2016).

Urban biodiversity provides a wide range of ecosystem services specific to cities, such
as horticulture (provisioning), reducing pollution and improving air quality
(regulating), and promoting tourism (cultural) (TEEB 2011). In the face of global
environmental change, urban green spaces and biodiversity can act as a flood defence
as, for example, vegetation can absorb rainfall that is deflected off impervious surfaces
(e.g. buildings, roads) (Silvennoinen et al., 2017; Douglas 2016). Moreover, shade-
giving trees and greenery can in some instances contribute to temperature cooling at
local-scales, important during heatwaves and mitigating local urban heat-islands
(Ward et al., 2016). Similarly, evidence is emerging to show that biodiversity can
promote human immune function through hosting a high diversity of microbiota
(Aerts et al., 2018).

Aside from the tangible benefits, urban biodiversity has been associated with
‘(re)connecting people with nature’ at a time when urban populations are increasingly
devoid of nature experiences (Miller 2005; Soga and Gaston 2016). As a consequence,
there is a growing literature on the relationship between nature connection and
education, pro-environmental attitudes and behaviours, and human wellbeing (see
section 1.3) (Rogerson et al., 2017; Colléony et al., 2017; Shwartz et al., 2014; Prévot
et al., 2018; Martin et al., 2020). However, the evidence for nature connection is
currently muddled by the plurality of concepts (i.e. what exactly constitutes ‘nature’,
an ‘experience’, or a ‘connection’), thereby detracting from the scientific rigour and
limiting the ability to make actual policy recommendations (lves et al., 2017; Clayton
et al., 2017). The idea is further complicated by the fact that some individuals fear or
avoid nature (Bixler and Floyd 1997; Bonta 2008) (see section 1.4.4), and that people
hold existence value for nature they have never experienced (Cooper et al., 2016).

Neuteleers and Deliége (2019) argue that a far more valuable research approach would
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be to demonstrate the ‘objective, external benefits of nature experiences... constitutive

of, rather than instrumental to, flourishing human life’.

A number of ecosystem disservices are also associated with urban green spaces and
biodiversity. Urban green spaces may provide habitat for vectors of disease (e.g.
mosquitoes, bats) (Zhao et al., 2020). In some parts of the world, green spaces can be
feared for a number of reasons, including them being hotspots for criminal activity
(Kondo et al., 2017), and harbouring specific species perceived as dangerous or
unappealing (Bixler and Floyd 1997). The spatial distribution of urban green spaces
can also enhance social inequalities through gentrification and the displacement of
lower-income earners (Wolch et al., 2014). Understanding both the benefits and
disbenefits underpinned by urban green spaces and biodiversity is thus fundamental to

the sustainable design and management of cities.
1.3 Defining human wellbeing

Human wellbeing is a multidimensional concept encompassing different contributions
to quality of life, including health, education, balance of time, political voice and
governance, social connections, environmental conditions, personal insecurity and
economic security (Stiglitz et al., 2010). In 2010, the global Multidimensional Poverty
Index (MPI) was established to measure deprivation of three such quantities (health,
education, and living standards) and so uncover where regional inequalities might lie
(Alkire etal., 2019). More recently, the United Nations Development Programme (UN
Development Programme) has called for more universal dimensions of inequality that
consider people’s own subjective assessments of their lives, in harmony with the
objective measures collected at national-scale (UN Development Programme 2019).
Indeed, many of the traditional measures of human development (e.g. life expectancy,
social support, corruption) correlate with evaluations of life satisfaction (Helliwell et
al., 2016).

Dolan and Metcalfe (2012) argue that human wellbeing is comprised of three
accounts: objective lists, preference satisfaction, and mental states (or ‘subjective
wellbeing’). The objective measures collected by the MPI, for instance, are considered
an objective list, while preference satisfaction can be measured through GDP. The
third account, subjective wellbeing, is thought to be composed of evaluative wellbeing
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(satisfaction with life), experiential wellbeing (positive and negative affect or
emotion), and eudaimonic wellbeing (a sense of purpose and meaning in life) (Dolan
and Metcalfe 2012).

Policy-makers are increasingly recognising the need to measure subjective wellbeing,
given the interplay between the three accounts. For example, evidence implies that
past a threshold of meeting basic needs, increases in GDP do not lead to improved life
satisfaction (Pretty et al., 2016; Diener et al., 2018), and high-GDP countries still face
issues including unemployment, work-life balance, and low life-expectancy (OECD
2015). Indeed, it is increasingly accepted that GDP is an inadequate measure of
economic and social progress (Stiglitz et al., 2010; Costanza et al., 2014; O’Neill et
al., 2018). On the other hand, subjective wellbeing is generally comparable across the
global North and South, despite variations across life courses, societies, and cultures
(Dolan and Metcalfe 2012). Subjective wellbeing is also a determinant of mortality,
with studies showing that high levels of wellbeing are associated with favourable
survival rates in both healthy populations and those with pre-existing health conditions
(Chida and Steptoe 2008; Steptoe et al., 2015), as well as adding between 6 - 10 years
of life compared to individuals with low wellbeing (Diener and Chan 2011). As such,
policy efforts are being made to measure subjective wellbeing at national-scale
globally, from Bhutan (Karma-Ura et al., 2012) to the UK (OECD 2013). Global
reports on ‘happiness’ have also been produced, most notably by the Gallup World
Poll, which interviews 1000 adults each day (Helliwell et al., 2020). Nonetheless,
policy-makers must consider that the three accounts of subjective wellbeing are
theoretically distinct, and therefore their use (and scale of measurement) must be

tailored to the context within which they are being applied (Dolan et al., 2016).
1.4 A theoretical basis for biodiversity-wellbeing relationships

An exponentially increasing breadth of evidence has shown that human subjective
wellbeing (hereafter ‘human wellbeing’) improves in natural environments. Several
dominant theories have been proposed to try to substantiate these findings, although
biodiversity itself is rarely explicitly considered. However, there is now growing

interest as to whether more biodiverse natural environments, rather than generic ‘green



space’, could be more beneficial to human wellbeing (Lovell et al., 2014; Aerts, et al.,
2018; Botzat et al., 2016).

1.4.1 Cultural ecosystem services

While the concept of ecosystem services has been widely accepted by policy-makers
worldwide, human wellbeing in the context of nature experiences is not included as a
constituent (Bratman et al., 2019). Rather, ‘cultural ecosystem services’ (life-
enriching and life-affirming contributions to people; Fish et al., 2016) and the benefits
they provide, including identities (e.g. belonging, sense of place), experiences (e.g.
tranquillity, freedom), and capabilities (e.g. health, knowledge), could be used as
indicators of human wellbeing (Bryce et al., 2016; Fish et al., 2016). Despite
biodiversity underpinning cultural ecosystem services (Cardinale et al., 2012) and
human wellbeing (Bryce et al., 2016), the mechanistic pathways through which this
takes place are still relatively understudied in comparison to provisioning, regulating

and supporting ecosystem services (Sandifer et al., 2015).

1.4.2 Attention Restoration Theory

Attention Restoration Theory (ART) postulates that spending time in natural
environments restores an individual’s ability to concentrate and focus attention,
thereby improving memory, the ability to process information, and to solve problems
(Kaplan and Kaplan 1989; Kaplan 1995). There are four experiential qualities that
improve depleted attentional fatigue in natural environments, including ‘fascination’
(interesting stimuli that effortlessly attract attention), ‘coherence’ (arrangement of
stimuli), ‘compatibility’ (conceived ability to carry out purposes freely), and ‘being
away’ (distance from everyday tasks or those that demand directed attention), which
together constitute ‘perceived restorativeness’ (Kaplan and Kaplan 1989; Kaplan
1995). Empirical evidence supports that a more biodiverse environment stimulates
these qualities (Marselle et al., 2016; Carrus et al., 2015).

1.4.2 Stress Reduction Theory

Natural environments are thought to facilitate recovery from stress (i.e. physiological
arousal, psychological stress, reduced negative affect, increased positive affect) in the
Stress Reduction Theory (SRT) (Ulrich et al., 1991). Upon entering the natural
environment, an individual experiences an initial emotive reaction, which influences
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their behavioural response and cognitive appraisal, leading to additional emotional and
physiological responses (Ulrich 1983). The role of biodiversity in SRT has been
explored by comparing species richness with specific physiological outcomes,
showing more biodiversity is associated with enhanced positive affect, mood, arousal,
and reduced physiological indicators of stress (Wolfetal., 2017; Cracknell et al., 2017;
White et al., 2017; Marselle et al., 2016).

1.4.2 Biophilia Hypothesis

Kellert and Wilson (1993) posit that people are inherently ‘biophilic’, emotionally
affiliated and drawn to natural environments throughout evolution. As such, genetic
adaptations to these environments predisposes people to exhibit certain responses to
specific stimuli, such as approaching water or avoiding snakes (the latter termed
‘biophobia’). There remains contention as to whether biophilia is too broad a concept
to be considered as a specific explanation for how people experience natural
environments, and whether biophobia is in fact a contradiction of the concept itself
(Joye and de Block 2011; Clayton et al., 2017). Some studies claim biophilia explains
findings such as preferences for aquariums containing a higher diversity of species
(Cracknell et al., 2016), and preferences for more complex birdsong rather than single

species singing (Hedblom et al., 2014).

1.4.2 Human perceptions

Preferences for specific attributes within a natural environment could contribute to
human wellbeing, although preference itself is not considered to be a wellbeing
outcome (Lovell et al.,, 2014). Kaplan and Kaplan (1989) propose that human
preferences in a natural environment are structured by what information visitors seek
(exploration or understanding) and the level of interpretation required to derive it
(immediate or predicted). A ‘preference matrix’ is therefore dictated by ‘coherence’
(the arrangement of stimuli), ‘complexity’ (the number of different elements, such as
biodiversity), ‘legibility’ (ease of understanding and memory), and ‘mystery’ (the
promise of additional information) (Kaplan and Kaplan 1989). Aesthetic preferences
for complexity reoccur in an inverse-U shaped manner, with moderately complex

environments being the most preferred (Ulrich 1983; Kaplan and Kaplan 1989).



This theory of preference for mid-range complexity is supported by evidence from
mathematical ecology. A fractal is a shape comprised of similar copies of the whole.
Ecologists have determined that fractal geometry, the extent of which is measured by
a D score, is indicative of the biodiversity that can be found in an environment, such
as habitat complexity or species richness (Dibble and Thomaz 2009; Stevens 2018).
A mid-range fractal D score is most prevalent in nature and species-rich habitats
(Hagerhall et al., 2015; Stevens 2018). Concurrently, mid-range D scores are
aesthetically preferred (Bies et al., 2016; Spehar et al., 2003), aligning with theories
that propose people prefer intermediate levels of complexity (Ulrich 1983; Kaplan and
Kaplan 1989), as they simplify the ease with which a brain can process its

surroundings (Joye et al., 2016).

Human perceptions of the environment could be influenced by memories, ideas, and
conceptions (sense of place, i.e. place attachment, place identity, meanings)
(Proshansky et al., 1983), which then affect the emotional state felt in the moment
(positive or negative). Biodiversity in the environment can thus influence people’s
perceptions. For instance, if biodiversity is connected to certain spiritual beliefs, the
site where it resides may be perceived as sacred (Gopal et al., 2019). However, the
contribution biodiversity makes to a sense of place is much less understood
(Hausmann et al., 2016).

Given that perceptions influence emotions, anywhere perceived as positive could
result in wellbeing gains. Indeed, Seresinhe et al., (2019) showed that people are
happier in locations they perceive to be scenic, even when those locations are urban
rather than natural environments. Furthermore, people’s perceptions do not
necessarily align with what objectively exists, which additionally complicates efforts
to understand how biodiversity relates to human wellbeing. For example, Dallimer et
al., (2012a) found that butterfly and plant species richness was not positively related
to human wellbeing, yet perceived species richness for these taxonomic groups was.
In an experimental manipulation of green spaces, Shwartz et al., (2014) showed that
although people preferred sites that were species-rich, they were unable to detect
changes in richness of plants, birds, and pollinators after manipulation, and species

richness was largely underestimated.



1.5 Aligning conservation and public health challenges

International, national, and local government support is required for the effective
implementation of policies that support both biodiversity conservation and human
wellbeing. These twin goals are brought together by the United Nation’s Sustainable
Developments Goals (SDGs), which advocate how a thriving society depends on the
stability, function, and resilience of Earth’s natural systems (Griggs 2013). Under the
umbrella of the SDGs, the linkage between biodiversity and human wellbeing has also
been endorsed by the World Health Organisation and Convention on Biological
Diversity (CBD), stating that human health and wellbeing are basic human rights and
essential to securing longer-term insurance and resilience for future generations
(World Health Organisation and Convention on Biological Diversity, 2015). For cities
facing the impacts of climate change, surging migration, and rising insecurity and
inequality, strong governance in relation to Goal 11 to ‘make cities and human
settlements inclusive, safe, resilient, and sustainable’ is essential (Satterthwaite 2016;
UN-Habitat 2016; United Nations 2016) The International Union for the Conservation
of Nature (IUCN) have promoted urban protected areas, arguing that alongside
contributing toward urban ecosystem services, climate change resilience, and
protection of vulnerable species, they also serve to reconnect vast numbers of visitors,
who might then learn about and change their attitude toward nature (Trzyna et al.,
2014).

For international agreements to be implemented, local authorities and urban planners
and managers require detailed scientific evidence about how they can enhance, restore,
and conserve biodiversity in urban green spaces for the benefit of human wellbeing.
This need has resulted in a call from researchers to move ‘beyond the green’ (Marselle
et al., 2015; Wheeler et al., 2015; Wood et al., 2018), and work toward identifying
what specific characteristics might be enhancing (or detracting from) human wellbeing
in urban areas to inform policy and practice. For instance, Southon et al., (2017)
identified that people exhibited preferences for urban meadows rather than manicured
plant beds and herbivorous borders. Urban blue spaces (e.g. ponds, lakes, canals,
riparian waterways, coastline, sea defences, reservoirs) are also now receiving more
attention, because they too can make a positive contribution to human wellbeing
(Gascon et al., 2017; Higgins et al., 2019; Mcdougall et al., 2020). It is essential to
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explore both urban green and blue spaces in-depth to discover where win-win
solutions for both biodiversity and human wellbeing can be achieved (Hartig and Kahn
2016).

There will be instances where biodiversity is detrimental to human wellbeing. For
example, dense vegetation can be perceived as unsafe and therefore undesirable
(Jansson et al., 2013). As such, a mismatch can exist between the biodiversity
characteristics that conservationists seek to support, and those that actually have a
beneficial influence on human wellbeing (Pett et al., 2016). By understanding how
people perceive the world around them, we can better inform the design of urban
spaces. While trade-offs will be necessary in the instances where people prefer
biodiversity-poor environments, these will be lessened by uncovering instances where
win-wins can be achieved (Adams 2014; Gobster et al., 2007). Ultimately, decisions
about which attributes of the urban environment are to be conserved for what purpose
will be influenced by people’s individual motivations, but a balance must be struck

between prioritising people or biodiversity (Dearborn and Kark 2010).
1.6 Transcending disciplines to interrogate research gaps

Examining the linkage between biodiversity and wellbeing requires drawing on
multiple disciplines, including ecology, psychology, epidemiology, landscape
architecture, and urban planning, as well as acknowledging the typical methods,
terminology, and paradigms championed by each (Sandifer et al., 2015; Luederitz et
al., 2015). In arecent review of nearly 18,961 articles on green space and public health,
Zhang et al., (2020) demonstrate the increasing frequency with which urban design,
geography, and multidisciplinary science are focussing on the topic, with keywords
such as ‘environment’, ‘climate change’ and ‘green space’ now appearing more
frequently. It is clear that transcending these disciplines is crucial to producing
effective research that translates into solid evidence for policy and practice, given that
the problems that face both people and biodiversity today are so interlinked (Bosurgi
and Horton 2017; Giles-Corti et al., 2016). Through collaborations between different
disciplinary experts, the myriad and synergistic biopsychosocial pathways through
which green and blue spaces influence wellbeing have been made apparent, from the
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role of social cohesion and physical activity to microbial biodiversity (Hartig et al.,
2014; Markevych et al., 2017).

Conservation scientists are increasingly working with psychologists to understand
human behaviour and its impact on the environment (Saunders et al., 2006; Selinske
etal., 2018). Bennett et al., (2016) argue the term ‘conservation social science’ should
be used in reference to the diverse branches of social science that can be harnessed for
improved conservation policies and outcomes. Intriguingly, the frequency with which
conservation journals have published research on green space and public health has
tailed off in the past decade, despite the fact that biodiversity is a core attribute in the
research agenda (Zhang et al., 2020). While this may reflect the rising prevalence and
impact of multi/interdisciplinary research journals, it further emphasises how
biodiversity conservation has not been given due consideration in the research agenda

of late, despite its central role in the subject matter.

For scientific evidence to effectively translate into policy and practice that benefits
both biodiversity conservation and human wellbeing, research must involve a diversity
of stakeholders, including members of the general public, government urban planners
and decision-makers, various third sector organisations with different remits (e.g.
conservation, development), as well as scientists (from multiple disciplines) (Larson
et al., 2016; Parris et al., 2018). Indeed, stakeholders must be properly engaged for
planning or public health interventions to be effective, which can be hindered by
differences in spoken and written language, the use of convoluted scientific
terminology, and conflicting objectives (Rose et al., 2020). One way to involve diverse
stakeholders and overcome some of these barriers is through participatory and co-
research methods, which can help build trust and produce knowledge that is
sympathetic to the people it involves (Sterling et al., 2017; Larson et al., 2016; Rose
et al., 2020).

1.7 Biodiversity and wellbeing in South America

Biodiversity-wellbeing research encompasses a vast geographical bias toward the
global North (Botzat, Fischer and Kowarik 2016; Keniger et al., 2013; Hossain et al.,
2020; McMahan and Estes 2015; Zhang et al., 2020), as does the existing literature on
urban ecosystem services (Luederitz et al., 2015). This is a significant issue given that
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the fastest rates of biodiversity loss, population growth, and urbanisation are taking
place in the global South (Steffen et al., 2015; Seto et al., 2012). This bias is also likely
to have skewed our interpretation of the evidence, as the patterns uncovered in other
parts of the world are likely to vary based on differences in climate, culture,
demographics, disease, and biodiversity (amongst other factors) (Markevych et al.,
2017).

South America is globally important for biodiversity, with Amazonia containing the
world’s most diverse rainforest (Jenkins et al., 2013; Antonelli et al., 2018).
Simultaneously, the continent is expected to undergo the world’s largest urban
expansion into biodiverse ecosystems (Glineralp and Seto 2013), with the smallest
cities growing fastest (Andrade-Nufiez and Aide 2018). Altogether, cities in South
America are home to 81% of the continent’s population (United Nations 2018),
typically exhibit extreme social inequality, and are often characterised by a mosaic of
sprawling informal settlements on ecologically important habitat such as riparian
corridors (Pauchard and Barbosa 2013). In these regions, poor local governance and
lack of financial resources are likely to exacerbate the negative impacts on biodiversity
(Glneralp and Seto 2013). To date, there has been very little research on urban ecology
or human wellbeing in South America (Pauchard and Barbosa 2013). The research
presented in this thesis is therefore timely, with important implications for both public

health and biodiversity conservation.

1.7.1 Biodiversity in Guyana

The Guiana Shield in northern South America is a biodiversity-rich expanse of ~1.3
million km? of intact tropical forest (26% of Amazonia) (Bovolo et al., 2018; Antonelli
et al., 2018). The Guiana Shield plays a pivotal role in the climatic regulation of the
entire continent, but is increasingly threatened by extractive industries (gold mining,
deforestation) (Bovolo et al., 2018). Of the six countries that comprise the Guiana
Shield (northern Brazil, southern Venezuela, eastern Colombia, Guyana, Suriname,
and French Guiana), Guyana sits at its centre and is of comparable size to the UK, but

is composed of nearly 85% tropical forest (Figure 1.1a).
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Figure 1.1: (a) Location of Guyana in northern South America, (b) location of Georgetown, capital of

Guyana, and (c) green spaces (green), waterways (blue lines), and impervious surfaces (i.e. buildings,
roads) (grey) across the city. Photographic images from specific sites in the city, include (i) the sea wall,
(ii) a waterway, (iii) a tree-lined avenue, and (iv) the Botanical Gardens. Images (i), (iii), and (iv) taken

by Meshach Andre Pierre, (ii) by Ralph Blackburn.
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The government of Guyana has promised to meet international commitments on
biodiversity conservation through its Green Economy Development Strategy, in part
funded by a Reducing Emissions from Deforestation and forest Degradation (REDD+)
financial agreement set up with Norway in 2010 (Bicknell et al., 2017). This
agreement requires that deforestation is maintained below 0.45% per annum and
supports sustainable economic development. To help meet these targets, Guyana has
a system of protected areas that are overseen by the government’s Protected Areas
Commission (PAC) (Protected Areas Commission Guyana, 2016). The network
includes two urban green spaces (the National Park and Botanical Gardens) within the

capital city, Georgetown.

Georgetown sits at the confluence of the Demerara River and Atlantic Ocean (Figure
1.1b). Once referred to as the ‘Garden City of the Caribbean’ (Edwards et al., 2005),
it has numerous urban green spaces and an extensive network of waterways, the latter
established during Dutch colonisation in the 19" century and maintained thereafter
(Mycoo 2014) (Figure 1.1c). The city sits below sea level and is protected from the
Atlantic Ocean by a long sea wall to the north of the city. As a wetland, Georgetown’s
urban green (e.g. urban parks, cemetery, university grounds, informal green spaces)
and blue spaces (e.g. waterways and riparian corridors, coastline, ponds, open drainage
systems) provide important habitat for avian biodiversity, with both endemic and
species of conservation concern recorded in the city (Hayes et al., 2019). Just under
300 species of birds have been documented in the Botanical Gardens alone (eBird
2017). A population of West Indian manatees (Trichechus manatus) reside in the
waterways of both the National Park and Botanical Gardens, introduced by British
colonies in the late 19" century originally to clear aquatic vegetation from the
waterways (Adimey et al., 2012), although they do not continue to serve this function
today. Elsewhere in Georgetown, species of snake, frog, mongoose, opossum and cat,
as well as feral dogs and domesticated animals including horses and cows, can be
found. A population of caiman (Caiman crocodilus) are resident in the University of
Guyana campus. Additionally, anecdotal evidence implies that exotic pets such as
tamandua, toucan, and sloths are occasionally released into the Botanical Gardens, and
there are reports that anaconda and caiman can be found in its waterways. People’s
attitudes toward urban biodiversity are highly variable, although no published reports

on Georgetown exist. Some residents harvest fish and snails from the canals as a food
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resource (pers. obs.). People are fearful of both venomous and non-venomous snakes,
as well as frogs, while attitudes toward feral dogs and horses are generally mixed
(pers. obs.). A piece in the state-run newspaper commented on one of Georgetown’s
forest fragments as °...infested with reptiles and creatures of all descriptions... a home
for some dangerous species of animals, and a health hazard...” (Mahipaul 2016). This
fragment was subsequently paved over and now exists as a largely concrete structure

used for independence celebrations and occasional music events.

The main objectives set out by the Protected Areas Act of the Guyanese government
include the need to ‘recognise the intrinsic values of biological diversity and its
components’, and to ‘conserve biodiversity, ecosystem services, and ecosystems
representative of all of Guyana’s natural land and seascapes’ (Protected Areas
Commission Guyana, 2016). The local government department that holds jurisdiction
over urban green spaces, PAC, is promoting their cause across Guyana’s urban areas.
Indeed, their strategy recognises the importance of urban green spaces for recreation,
interacting with biodiversity, educating the public about Guyana’s natural heritage,
and tourism (Protected Areas Commission Guyana, 2016). Financed by the German
Development Bank, the Cooperative Republic of Guyana, and more recently
ExxonMobil, there are plans to improve Georgetown’s urban green spaces via the
“Three Parks Initiative’ (Protected Areas Commission Guyana, 2016). Plans currently
include additional lighting, interpretation boards, advertisements, improvements to
canal fortification and flood protection, bridges, capacity building, increased security
patrol personnel, and new car parks. While these changes are beneficial for
encouraging visitation to Georgetown’s green spaces they do not, however, explicitly
consider conserving, enhancing, or restoring the biodiversity that can be found in the
city. Furthermore, no evidence thus far has ascertained whether visiting the city’s
urban green and blue spaces actually relates to improved human wellbeing.
Understanding the interplay between human wellbeing, biodiversity, and specific
features of Georgetown’s urban green and blue spaces is therefore needed, and could

result in multiple co-benefits.

1.7.2 Society in Guyana

Guyana has a small population of 782,766, which has remained relatively stable since
1980 (World Bank 2020), recording high levels of youth unemployment and
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emigration (Mycoo 2017). The magnitude of the latter, which results from a lack of
employment opportunities, poor salaries, and political insecurity, has led to significant
financial remittances from the Guyanese diaspora contributing toward the country’s
economy (Roberts 2009; Commonwealth Secreteriat 2015). Economically unified and
culturally aligned with fifteen Caribbean nations as part of the Caribbean Community
(CARICOM), Guyana now scores 0.6 on the UNDP Human Development Index as a
lower-middle income country (UN Development Programme 2019). Economic
inequality remains stark, visibly so in the capital city Georgetown. Here, the
population stands at ~191,810 (Bureau of Statistics 2012), and is divided into 63
neighbourhoods (wards) typically characterised by socioeconomic status and ethnicity
(Edwards et al., 2005; Mycoo 2017). As a result of several divergent periods of
colonialisation, the Guyanese demographic is now a rich mosaic of ethnicities,
primarily indigenous (Amerindian), African, East Indian, Portuguese, Chinese, and
Mixed heritage (Bureau of Statistics 2012)

Guyana is rarely included on international reports on global wellbeing (Helliwell, et
al., 2016; Helliwell et al., 2020; Graham et al., 2018), despite being reported in 2014
to have the highest global suicide rate, particularly among adolescents and in rural
areas (Arora and Persaud, 2019; WHO, 2014). The prevalence of psychological health
disorders among Guyanese is thought to be socially, culturally, and economically
rooted, with significant societal stigmas attached to those exhibiting poor mental
health, which prevents help being sought (Nicolas et al., 2020). Although some mental
health support and resources exist in Guyana, the system remains in its infancy
(Ministry of Health Guyana 2013). In the global North, nature-based interventions
(promoting experiences in nature for mental and physical wellbeing) and social
prescribing, are being championed (Drinkwater 2019; Shanahan et al., 2019), in
particular within urban environments (van den Bosch and Ode Sang 2017). No such
initiatives have been documented or explored in Guyana to date.

In 2018, a study found that people living in households that had experienced flooding
on Guyana’s coastline reported a greater prevalence of mental health disorders
(Akpinar-Elci et al., 2018), suggesting that the wellbeing of Guyana’s coastal
inhabitants is intrinsically linked to the environment. With just under half Guyana’s

population living within 5 km of the coastline and at risk from sea-level rise induced
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by climate change (Mycoo 2017), there is a need for nature-based interventions to
prevent further economic and societal damage. For instance, Guyana possesses 1,262
km? of mangrove forest (Alder and Kuijk 2009), which has been recognised by the
Guyanese government, as well as conservation organisations (e.g. Conservation
International Guyana), as important for flood protection, food security, and habitat for
biodiversity (Parliament of Guyana 2010). As such, conserving these forests will

likely also benefit the mental wellbeing of the coastal population.

The Government of Guyana is committed to sustainable economic development
through the Green State Development Strategy, within which it considers ‘human
development and wellbeing’ to be one of seven central themes (UN Environment
Programme 2017). However, recent discoveries of vast quantities of offshore
petroleum are set to convert Guyana into the highest GDP per capita country in South
America (Panelli 2019). While political instability, corruption, and poor
developmental infrastructure are likely to prohibit the smooth flow of capital, the
transformation of Guyana’s economy will be significant, with impact on agriculture,
housing, and transportation (Panelli 2019). Whether Guyana’s future economic
development can follow sustainable principles, paradoxically financed by the fossil
fuel industry, remains a challenge. For Georgetown, housing and infrastructural
demand will likely lead to urban sprawl into the agricultural lands southeast of the

city.
1.8 Thesis outline

Given the existing knowledge gaps surrounding urban biodiversity-wellbeing
relationships in the global South, this thesis aims to explore how biodiversity in green
and blue spaces relate to several dimensions of human wellbeing in the capital city of
Guyana, Georgetown. This is done by capturing both objective measurements of
specific attributes, as well as people’s perceptions. The research is the result of a
collaboration with the PAC and two conservation non-governmental organisations
(WWEF Guyana and Conservation International Guyana). The findings reported in the
thesis have implications for sustainable land-use planning, urban management, and the

optimisation of targeted public health campaigns.
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Chapter 2 tests for a dose-response relationship between patterns of visitor use to
urban green and blue space with four types of psychological wellbeing, and examines
whether individual demographic characteristics or motivations affect visitation
patterns.

Chapter 3 explores whether objective measures of bird diversity are related to
psychological wellbeing in the moment, comparing green with coastal blue spaces
directly. This is the first time biodiversity-wellbeing relationships have been explicitly
tested in situ in a global South city to our knowledge, and the first time green and

coastal blue spaces have been compared.

Chapter 4 employs the same methodology as Chapter 3 but, instead, assesses
people’s perceptions of specific characteristics in green, blue, and dense urban spaces

in Georgetown, and how these perceptions relate to wellbeing in situ.

Chapter 5 triangulates the findings in Chapters 2, 3, and 4 through a participatory
video project, which aimed to understand in-depth how Georgetown’s green and
coastal blue spaces affects participants’ wellbeing. The project concluded with a film
that summarised all content being screened to decision-makers (government
ministries, park managers, the Mayor and City Council), who then articulated their

intentions to change the way these spaces were managed for human wellbeing.

Chapter 6 provides a synthesis the findings from across the thesis, highlighting the
empirical contributions made to the research field. | also discuss how they can be
applied to policy and practice in Guyana, while extrapolating how they relate to
biodiversity-rich cities across the global South. Throughout, some suggestions for

future research directions are made.
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2.1. Abstract

Human population growth and urbanisation are putting pressure on green and blue
spaces in cities worldwide. These spaces provide habitat for biodiversity and, as we
know from evidence from the global North, can provide health and wellbeing benefits
to urban dwellers. Nonetheless, there is a paucity of evidence regarding the wellbeing
benefits associated with urban green and blue spaces from the global South, where the
fastest rates of population growth and urban expansion are occurring. Specifically, we
examine whether frequency and duration of green and blue space use in Georgetown,
Guyana, relates to: (1) nature-relatedness, safety concerns, or sociodemographic
background characteristics, (2) visit motivations, and (3) wellbeing (positive and
negative experiential, evaluative, eudaimonic, and mental wellbeing). Participants
were more likely to visit green and blue spaces if they had higher nature-relatedness,
had no personal safety concerns, were aged < 35 years old, and educated above
secondary level. Visit frequency was not related to wellbeing. Visits to urban green or
blue spaces of more than 30 minutes were associated increased positive experiential
wellbeing. No comparable patterns were found for the other wellbeing dimensions.
Visit duration did not differentiate according to visit motivations. Decision-makers
should ensure the equitable distribution of green and blue spaces throughout the city
to support wellbeing, including the provision of backyards. Not only should new
spaces be incorporated into future development plans, but existing spaces could be
enhanced by reducing people’s safety concerns and encouraging older people to visit

to maximise wellbeing across all sectors of society.

Keywords: Cultural ecosystem service; Exposure; global South; Mental health;

Motivations; Nature-relatedness.
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2.2. Introduction

By 2050, the human population living in cities is expected to double, reaching 5.6
billion people globally (United Nations 2018). Less-developed regions in the global
South are expected to account for 87% of this total urban population (United Nations
2018), with the concomitant expansion of urban landcover projected to grow by 585%
between 2000 and 2050 (Angel et al., 2011). As a result, there are increased pressures
on the persistence and quality of urban green and blue spaces (e.g. parks, riversides,
gardens) (Pauchard et al., 2006; Richards et al., 2017), which provide habitat for
biodiversity (Baldock et al., 2015; Ives et al., 2016). Simultaneously, there is
recognition across the global North that green and blue spaces also provide benefits
for human health and wellbeing (World Health Organization 2016), although scant
evidence exists from the global South (Rigolon et al., 2018). The provision of
‘universal access to safe, inclusive, and accessible green and public spaces’ is now
explicitly recognised in Sustainable Development Goal 11 (United Nations 2016). As
such, there is a need to understand the role urban green and blue spaces play in
underpinning human wellbeing in the global South, to inform sustainable land-use
planning interventions that help tackle ecological and public health demands in the
face of global environmental change.

Currently, cities in the global South are characterised by high levels of inequality and
unequal provision of public green and blue space (UN-Habitat 2016). Understanding
how patterns of use vary amongst different sociodemographic groups can provide
insight into where these inequalities lie. For example, in Sweden, Ode Sang et al.,
(2016) showed women were more active in urban green spaces, and older people
participated in more nature-related activities. In contrast, a UK-wide survey showed
infrequent users of green spaces were more likely to be women, and older individuals
(Boyd et al., 2018). What determines who, but also why, people visit urban green and
blue spaces is important to elucidate patterns of use, and highlight locally specific
nuances. For instance, when examining visit motivations for using green space in
Colombia, users report seeking shade from the tropical sun (Ordofiez-Barona and
Duinker 2014), while in the USA, users simply mention they are motivated by the
close proximity of the green space (Sonti et al., 2020). Capturing the
sociodemographic characteristics of green and blue space users (and non-users), as
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well as their visit motivations, can subsequently be used to target interventions that
overcome barriers to use and encourage visitation (Irvine et al., 2013; Dallimer et al.,
2014).

Understanding the frequency of use or duration of time that people need to spend
visiting urban green and blue space to make quantifiable wellbeing gains is important
for informing policy recommendations. Several dimensions of human wellbeing have
been outlined: positive and negative experiential (emotions of pleasure and pain),
evaluative (assessment of life as a whole), and eudaimonic (purpose and meaning in
life) (Stiglitz et al., 2010). Increased visit frequency to natural environments relates to
higher eudaimonic and positive experiential wellbeing (White et al., 2017), and
spending at least 120 minutes of time in nature relates to improved evaluative
wellbeing (White et al., 2019). Scales with clinical relevance have also been used in a
dose-response context. For instance, the World Health Organisation WHO-5 mental
wellbeing scale can be translated as a screening tool for depression (Topp et al., 2015).
Using WHO-5 as a wellbeing outcome, Garrett et al., (2019) suggest that visiting blue
spaces for recreation relates to a statistically lower risk of depression. Taken together,
gauging the frequency and duration of use, or ‘dose’, alongside contextually and
clinically relevant measures of wellbeing can help structure public health

recommendations to maximise their efficacy.

A dose of nature may be dependent on geographical location, cultural relevance, or
other factors that dictate how people derive wellbeing benefits from visiting green and
blue spaces (Bell et al., 2019). These could include where people have grown up
(Engemann et al., 2019), their perception of safety (Weimann et al., 2017), or how
connected they are with nature (Shanahan et al., 2016). Measures of nature-
relatedness, for example, have correlated with improved wellbeing (Nisbet et al.,
2011), and reduced anxiety (Martyn and Brymer 2014), as well as positive attitude
toward the environment, engagement with sustainable practices (Nisbet et al., 2009),
and more visitation to green space (Lin et al., 2014). As such, considering these factors
in the study of urban green and blue space use for human wellbeing will help capture
the variability of experiences and help target any recommendations that arise (Ives et
al., 2017).
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The aim of this study was to explore the relationship between urban green and blue
space for human wellbeing in a city in South America, a continent forecast to undergo
the fastest rate of urban expansion into biodiversity-rich regions (Guneralp and Seto
2013). Subsequently, demonstrating the importance of urban green and blue spaces
for human wellbeing could have knock-on benefits for biodiversity (Pauchard and
Barbosa 2013). As a nation, Guyana, northern South America, is characterised by the
fact that over 85% of its landcover remains tropical forest (Bicknell et al., 2017). High
levels of bird diversity can also be found in the urban green and blue spaces of its
capital city, Georgetown (Hayes et al., 2019). Guyana is set to become South
America’s fastest growing economy, propelled by the discovery of large petroleum
deposits (Panelli 2019). However, simultaneously, the country has the highest global
suicide rate (World Health Organization 2014). Therefore, this is a timely opportunity
to highlight how sustainable land-use planning interventions, incorporated into new
development plans for Georgetown, could positively contribute to both public health
and conservation. We examine the role of Georgetown’s green and blue spaces for the
wellbeing of its residents through three main research questions: (1) Do nature-
relatedness, safety concerns, or sociodemographic characteristics determine visit
frequency and visit duration? (2) Do visit frequency and visit duration depend on the
motivations for visiting green and blue spaces? (3) Do visit frequency or visit duration
relate to human human wellbeing? To our knowledge, this is the first study from a
developing city in the global South, to explore what motivates people to visit urban
green and blue spaces, and whether a dose-response pattern exists between five
dimensions of human wellbeing (positive and negative experiential, evaluative,

eudaimonic, and mental wellbeing), and patterns of use.

2.3. Methods

2.3.1 Study design

Georgetown, capital of Guyana (Figure 2.1), has a human population of ~192,000
spread across 63 wards (neighbourhoods) (Bureau of Statistics, 2012). There are
public outdoor spaces distributed across the city, including public parks, gardens, and

a sea wall along the Atlantic coast. There is also a dense network of waterways
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throughout the city that are heavily vegetated in parts. Many residential properties

have small backyards.

(a) (b)
Venezuela Georg.etown
Guyana
Brazil
(c)

Buildings
B Green spaces
[ ] Atlantic Ocean
—— Waterways

Figure 2.1: (a) Location of Guyana in northern South America, (b) location of Georgetown, capital of
Guyana, and the distribution of (c) green spaces (green), waterways (blue lines), and impervious

surfaces (i.e. buildings, roads) (grey) across the city

2.3.2 Questionnaire

A short questionnaire was conducted face-to-face, during daylight hours (9am to
6pm), in May-June 2017. The questionnaires were delivered in public locations, such
as markets and malls, frequented by a wide range of socioeconomic groups. Participant
numbers were monitored throughout the data collection period to ensure that the
sample from each ward in Georgetown broadly matched the proportions from the most

recent census (Bureau of Statistics, 2012) (see Table S2.1 in supplementary material).
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Every third passer-by was approached, and first asked if they lived in Georgetown. If
the response was affirmative, participants were invited to take part in a survey on what
Georgetown residents thought about outdoor spaces in town. No monetary or other
incentive was offered to secure participation. Individuals that declined to participate
were recorded as non-respondents. The questionnaire was cognitively tested and
piloted to ensure that it was understandable by all sectors of the population. Show
cards were used throughout the questionnaire, following best practice for collecting
wellbeing data (OECD 2013), allowing participants to consider and select answers.
The study was approved by the University of Kent Faculty of Social Sciences Research
Ethics Advisory Group for Human Participants (Ref. No. 0511617).

Participants were asked to identify how happy they felt yesterday (positive
experiential, ‘happiness’) and how anxious they felt yesterday (negative experiential,
‘anxiety’), how satisfied they feel about their life in general (evaluative, ‘life
satisfaction”), and the extent to which they feel the things they do in their life are
worthwhile (eudaimonic, ‘worthwhileness’) (see supplementary text Section S1).
While the first two questions focus on ‘yesterday’ specifically, which may not be a
typical day for a participant, these measures are generally found to reliably reflect
happiness and anxiety across the entire year (Graham et al., 2018). All responses were
given on a continuous 11-point scale from 0 (Not at all) to 10 (Completely) (ONS
2016).

We also used WHO-5 (WHO, 1998) to capture and assess mental wellbeing. For each
of five statements, participants indicated how they have felt over the past seven days
on a six-point scale (1 = At no time, 2 = Some of the time, 3 = Less than half the time,
4 = More than half the time, 5 = Most of the time, 6 = All of the time) (Table S2.2).
One of the statements used the word ‘vigorous’, which caused confusion during testing
and was replaced by ‘energetic’. The reference time frame was shortened from ‘two
weeks’ to ‘the last seven days’ to reduce recall bias and align with data collected on
green space use (see below). Scores for each statement were totalled to generate a raw
overall score, ranging from five to 25, and multiplied by four to create a percentage.
We calculated Cronbach’s alpha to verify that the scale was internally consistent (a =

0.78).
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We used the six-item Nature-relatedness (NR6) scale (Nisbet and Zelenski 2013) to
measure connectedness with the natural world (Table S2.3). For each of six statements,
participants gave an answer from one to five (1 = Strongly disagree, 2 = Disagree a
little, 3 = Neither agree nor disagree, 4 = Agree a little, 5 = Strongly agree). All
statement scores were averaged to create a continuous score ranging from one to five.

NR6 was internally consistent (a = 0.77).

We asked participants ‘Which public spaces, if any, did you purposefully visit or spend
time in over the last seven days?’, with examples provided (e.g. city parks, sea wall,
waterways, recreational spaces, or your own backyard). For each space reported, we
collected a categorical measure of visit frequency during the week (Once, 2 — 3 visits,
4 — 6 visits, 7 or more visits), and we asked ‘What was the main reason for visiting’
(open question) and the average duration of time spent there (minutes). From this, we
calculated weekly patterns of visit frequency, visit motivation, and estimated visit
duration in minutes (midpoint of the visit frequency category multiplied by the average
time spent visiting summed for the seven days). We collected the same information
for any visits to ‘the outdoors, or the bush’ outside of Georgetown, during the same

week.

Participants were asked whether they were concerned about their personal safety in
any of Georgetown’s green or blue spaces (yes or no). Sociodemographic questions,
comparable to the Guyana census (Bureau of Statistics 2012), and information about
household income were included in the final section of the questionnaire. Participants
were also asked where, if anywhere, they had lived prior to Georgetown. Two
categories of ‘residential history’ were then derived from this data: (1) Georgetown
only (entire life spent in Georgetown), or (2) other (time spent living in rural Guyana,

or living abroad).

2.3.2 Data analyses

All statistical analyses were performed using R version 3.5.0 (R Core Team 2019).
We first used a G-test to assess whether the sociodemographic background of our
sampled participants was representative of Georgetown’s wider population. We
checked for associations between nature-relatedness, safety concerns, and

sociodemographic characteristics (age, gender, ethnicity, education, household
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income, residential history) prior to modelling, using chi-squared tests for categorical
variables, removing those that were associated to reduce inflated variance. We
subsequently retained nature-relatedness, safety concern (yes or no), and dichotomous
measures of age (< 35 years old or > 35 years old), education (low, defined as up to
secondary, or high, post-secondary and above), gender (male or female), and

residential history (Georgetown only, or other).

To examine whether nature-relatedness, safety concerns, or any particular
sociodemographic background characterised visit frequency to green and blue spaces
within Georgetown, we used a multinomial logistic regression model. For visit
duration, a high proportion of the data contained zeros (non-users; 43.8%), so we used
a hurdle model (Zeileis et al., 2008) (‘pscl’ package; Zeileis et al., 2008). This fits a
binary logistic regression for zero counts, and a negative binomial regression for
positive counts. We used the natural logarithm +1 for visit duration (rounded to the
nearest whole number to reduce estimation errors) to normalise the residuals in the
hurdle model. The hurdle model was better placed to manage the zero-inflated data
than the negative binomial regression model (Vuong non-nested likelihood ratio tests:
z = -28.895, p < 0.001). Goodness-of-fit was tested using rootograms (Kleiber and
Zeileis 2016), and variance inflation factors presented no multicollinearity issues (VIF
< 1.06).

To investigate motivations for visiting green and blue spaces, we looked at all the
individual visits people had made and coded whether they were to green (e.g. park,
backyard) or blue space (e.g. sea wall, waterways). We then conducted a content
analysis of the qualitative visit motivations, classifying them into codes, before
grouping the coding into themes, and domains (Table S2.4), using an adapted existing
typology (Irvine et al., 2013). The coding was conducted independently by two authors
(JCF, KNI), who showed high levels of agreement (Kappa = 0.68, p <0.01). The points
of disagreement were subsequently coded iteratively between the two authors.
Decisions on coding were further informed by the space the participant was visiting
(e.g. sea wall, backyard), and the frequency and duration of the visit. We tested for
differences in visit motivations at the domain level due to sample size limitations.
Kruskal-Wallis tests were used to assess associations between log visit duration and

visit motivations, with Dunn’s tests (Dunn 1964) to explore differences post-hoc, with
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p values adjusted for multiple comparisons. Wilcoxon rank-sum tests were used to

compare the duration of visits to green versus blue spaces, for each motivation.

To assess whether visit frequency or log visit duration related to human wellbeing, we
created ordinal logistic regression models for each of our four wellbeing outcomes
(happiness, anxiety, life satisfaction, worthwhileness). We tested visit frequency and
log visit duration as predictors in separate models as the latter was constructed from
the former, and so inflated the variance. Models were adjusted for nature-relatedness,
safety concerns, and sociodemographic characteristics (age, education, residential
history). Due to the skewed distribution of the ordinal wellbeing outcomes, all models
used the complementary log-log link function (probability of a high category is
higher), and the cauchit link function for anxiety (higher probability of extreme
values). We also checked our results for robustness by dichotomising the wellbeing
scales around the median (below the median, or equal to and above the median), and
modelled them using binomial general logistic regressions, following White et al.,
2017. As the findings from both approaches were consistent, only the ordinal logistic
regressions models are reported. For the ordinal regression models, we ensured the
proportional odds assumption was not violated using the Brant test (Schlegel and
Steenbergen 2018). Goodness-of-fit was then assessed using Lipsitz, Hosmer-
Lemeshow, and Pulkstenis-Robinson chi-squared and deviance tests (Fagerland and
Hosmer 2016). A generalised linear model was used for mental wellbeing (WHO-5)
as an outcome with a negative-binomial error structure due to over-dispersion,
assessed using model adequacy statistics in R (Harrison et al., 2018). Variance
inflation factors presented no issues of multicollinearity in the remaining covariates
for the visit frequency models (VIF < 1.10) and the log visit duration models (VIF <
1.08).

For the multinomial logistic regressions, hurdle model, ordinal logistic regressions,
and negative-binomial generalised linear model, we standardised the models and
model averaged using Akaike Information Criterion (AlCc) for smaller sample sizes
(Burnham and Anderson 2002) in the ‘MuMIn’ R package (Barton 2018). We
averaged models across AAICc < 2 (the difference between each model and the best
model). We used this stringent threshold to reduce model selection to only those with

substantial support. This higher level of certainty is important as the dose-response
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relationships identified could have important public health implications. Model
averaged coefficients and corresponding 95% confidence intervals (CI) were used to
calculate odds ratios. Log visit duration was then untransformed and plotted to

visualise an easy to interpret dose-response curve.

2.4 Results

A total of 512 questionnaires were completed, with a response rate of 71% (n = 211
non-respondents). The sample was 52% female, 53% under the age of 35 years old,
and was representative of the city’s population according to Georgetown’s most recent
census (Bureau of Statistics 2012) (Table S2.5). Just under half the participants (47%)
were educated up to secondary school level. A large proportion (78%) were concerned
about personal safety in Georgetown’s green and blue spaces. Just over half the
participants (56%) had lived in Georgetown their whole lives, while 44% had either
lived in rural Guyana or abroad. The mean nature-relatedness score for participants
was 3.96 (SE = 0.04).

We excluded any participants who had made visits only, or in addition, to green or
blue outside of Georgetown in the last seven days, as we were interested in the effect
of Georgetown’s green and blue spaces specifically. After rows containing missing
values were removed, a total of 431 participants remained, who had either not visited
any green or blue spaces in the past seven days (non-users, n = 212), or had visited
spaces just within the city, including personal backyards (users, n = 219). Across the
whole sample, the distribution of wellbeing was right-skewed for happiness, life
satisfaction, worthwhileness, and mental wellbeing, and left-skewed for anxiety
(Table 2.1).
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Table 2.1: Summary of wellbeing scores from 431 participants responding to a questionnaire in
Georgetown, Guyana about green and blue space use (n =219 users, n = 212 non-users). Five measures
of wellbeing were used. Happiness, anxiety, life satisfaction, and worthwhileeness are ordinal (median,

range), while mental wellbeing is continuous (mean, standard error)

Wellbeing measures Total sample Users Non-users
Happiness (Positive experiential) 8 (0 — 10) 8 (0-10) 7(0-10)
Anxiety (Negative experiential) 5 (0 - 10) 5(0-10) 4(0-10)
Life satisfaction (Evaluative) 7 (0-10) 8 (0-10) 7 (0-10)
Worthwhileness (Eudaimonic) 8 (0-10) 8 (0-10) 8 (0-10)
Mental wellbeing (WHO-5) 64.25 (0.94) 65.61 (1.34) 62.62 (1.51)

2.4.1 Do nature-relatedness, safety concerns, or sociodemographic background

characteristics determine visit frequency and visit duration?

The odds of visiting a green or blue space once, as opposed to not at all, increased
significantly for participants who reported higher nature-relatedness (Table 2.2).
Moreover, there were significantly higher odds of visiting more frequently if
participants had no concerns for their personal safety. By contrast, those aged 35+
years old were significantly less likely to visit than younger participants. Gender,
education, and residential history were not important predictors as they were not

represented in the model set.

Table 2.2: Model-averaged (AAICc < 2 model set) odds ratios (OR) and 95% confidence intervals
investigating whether sociodemographic background characteristics (nature-relatedness, safety
concern, gender, education, residential history, age) predict visit frequency to green and blue spaces in
Georgetown (multinomial regression) (n = 431). The odds ratio is significant if the confidence intervals
do not cross 1 (bold values), with those above one positively related, and those below one negatively

related, to visit frequency. Reference category = 0 visits

Variabl Once 2 - 3visits 4 - 6 visits 7 or more visits
anab®  "OR 250 975% OR 25% 97.5% OR 25% 97.5% OR 2.5% 97.5%

Nature-

relatedness 145 1.04 202 201 135 298 137 087 215 153 1.00 235

Safety

concern(No) 0.99 050 195 228 122 426 269 123 583 180 086 3.77

Age (35+

years old) 053 031 091 o057 032 102 032 014 070 0.73 037 144
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The odds of a participant spending at least 1 minute in a green and blue space (zero-
hurdle) significantly increased with higher nature-relatedness, no safety concerns, and
education to a high level (Table 2.3). Participants who were aged 35+ years old were
significantly less likely to visit. The odds of spending a longer period of time visiting
green and blue space (non-zero counts) was not related to any sociodemographic
background characteristic in particular, implying that users belonged to a wide range

of backgrounds. Gender, however, was not represented in either of the model sets.

Table 2.3: Model-averaged (AAICc < 2 model set) odds ratios (OR) and 95% confidence intervals
investigating whether nature-relatedness, safety concern, and sociodemographic characteristics
(gender, education, residential history, age) predict log visit duration to green and blue spaces in
Georgetown, Guyana (hurdle model) (n = 431). Zero hurdle part gives a binary response (zero minutes
versus everything above zero), while the count model represents increases in log visit duration (data
that fall above zero). The odds ratio is significant if the confidence intervals do not cross one (bold
values), with those above one positively related, and those below one negatively related, to log visit

duration

) Zero-hurdle Non-zero counts
Variable
OR 25% 975% OR 25% 97.5%
Nature-relatedness 157 122 201 0.99 0.92 1.07
Safety concern (No) 179 113 285 1.03 091 1.17
Education (High) 166 111 249 1.01 0.89 1.13
Residential history (Other)  1.09 0.77 154 099 0.93 1.06
Age (35+ years old) 059 0.39 0.89 093 0.82 1.05

2.4.2 Do visit frequency and visit duration depend on the motivations for visiting
green and blue spaces?

During a seven-day period, the users were motivated to visit green and blue spaces
mainly (39%) for physical reasons (Table 2.4). For analytical purposes, the Global
Wellbeing domain was removed due to the low sample (n = 4). Visit motivations for
visiting green as opposed to blue space were non-significant at the domain level (X2
=7.045, df = 4, p = 0.133).
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Table 2.4: User visit motivations for green and blue spaces in Georgetown, Guyana, in the past seven

days, in response to the question ‘What was the main reason for the visits?’. Table displays the number

of times (total n = 384) each coded visit motivation was mentioned, grouped into Themes and Domains.

*41 visits for ‘purposeful work’ in green spaces comprised purposeful work in backyards

Code Green  Blue Theme Green  Blue Domain Green  Blue
Relaxation 25 32 Physical 31 44 Physical 86 63
Chill out 9 restoration
Eat 3
Exercise 29 9 Physical 55 19
Sport 17 0 pursuits
A walk 8 6
Passing through 1 4
Purposeful 51* 8 Mental 53 11 Cognitive 57 13
work pursuits
Religious use 1 1
Think 1 1
Photography 0 1
Peace and quiet 2 1 Attention 4 2
Reflection 1 o  restoration
Relax my mind 0 1
Get away 1 0
Fresh air 6 13 Nature 20 22 Space 36 26
See nature 5 2 qualities
Trees, plants, 6 0
flowers
Get outside 0 2
See ocean 0 3
Sunrise/set 1 1
Nature sounds 1 0
Proximity 4 1 Feature 14 2
View 4 1
Zoo animals 4 0
Atmosphere 2 0
Beauty 1 0
Monument 0 1
Emotional 1 1 Place 1 1
attachment attachment
Distinct identity 0 1 Place 0 1

identity
Recreation 26 15 Passing 37 19 Un- 36 19
Unstructured 6 1 time structured
time time
Sight-seeing 1 3
Pets 4 0
Family outing 12 5 Socialising 21 18 Social 21 18
Meet friends 6 5
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Hang out 0 7

Romantic 3 1

Depression 0 2 Health 1 3 Global 1 3
Health 1 0 wellbeing

Therapy 0 1

Participants were more likely to visit just once in the week (49%) rather than more
often (2-3 visits = 26%); 4-6 visits = 10%; 7 or more visits = 15%) (Table 2.5). Visit
motivations were significantly related to visit frequency (X? = 32.82, df = 12, p =
0.001). Amongst green spaces, there was an association between visit frequency and
visit motivation (X? = 37.53, df = 15, p = 0.001), with more frequent visits associated
with physical or cognitive domains. No such pattern (X? = 7.967, df = 12, p = 0.787)

was apparent for blue spaces.

Table 2.5: User visit motivations for green and blue spaces in Georgetown, Guyana, in the past seven
days, in response to the question ‘What was the main reason for the visits?’. Table displays the number
of times (total n = 384) each coded visit motivation was mentioned, grouped into Themes and Domains.

The number of responses in each Domain per category of visit frequency is shown

Domain

Visittype  Frequency Space  Unstructured

Physical Cognitive qualities time Social

Once 72 22 33 32 24

All visits 2 - 3 visits 49 18 10 11 10
(n=379)  4-6visits 14 8 9 6

7 or more Visits 14 22 9 7 4

Once 37 14 20 19 12

Green 2 - 3 visits 35 13 3 5 4
(n=237)  4-6visits 9 5 6 5

7 or more Visits 8 21 8 6 4

Once 35 8 13 13 12
Blue 2 - 3 visits 14 5 6
(n=142) 4.6 visits 5 3 3 1
7 or more Visits 1 1

Across a seven-day period, participants spent an approximately equal amounts of time
visiting green and blue spaces across the visit motivation domains (All visits: X? =
3.33,df = 4, p = 0.50; Green: X? =6.97, df =4, p = 0.14; Blue: X>=3.09, df =4, p =
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0.54) (Figure 2.2). When visit duration per visit motivation was compared between

green and blue spaces, no significant differences were apparent.

-
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Figure 2.2: Responses to the open question ‘What was the main reason for visiting?” green and blue
spaces in Georgetown Guyana. Visit motivations were clustered into codes before being grouped into
themes and domains. Plots present all visits (grey), visits to green spaces only (green) and visits to blue
spaces only (blue). Log visit duration of time spent visiting green and blue spaces in the last seven days
per domain of visit motivation, where boxplots depict the median (central horizontal line), with the

coloured box depicting the interquartile range

2.4.3 Do visit frequency or visit duration relate to human wellbeing?

Visit frequency to green and blue space in the last seven days was not related to any
wellbeing measure (Figure 2.3a; Table S2.6). Nonetheless, an increase in log visit
duration in the last seven days was associated with increased happiness (Figure 2.3b;
Table S2.7).

In all models, participants who reported higher nature-relatedness, also had higher
levels of happiness, life satisfaction, worthwhileness and mental wellbeing, but also
higher anxiety. Concern for personal safety was not directly related to any wellbeing
measure. The odds of higher wellbeing measures increased if participants were aged

35+ years old, although not for anxiety. Participants who had lived outside of
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Georgetown (either in rural Guyana or abroad) felt more worthwhileness, when
compared with people who had always only lived in Georgetown. Education did not

pass the proportional odds assumption so was not retained.

We then plotted log visit duration of time spent in green and blue space in the last
seven days against happiness as a continuous variable (Figure 2.4a), as well as log
visit duration untransformed to identify the approximate amount of time (or ‘dose’)
required to make quantifiable wellbeing gains (Figure 2.4b). To do this, we excluded
outlying data that fell above the 95th percentile of observations (1201 minutes)
(leaving n = 407). Increases were apparent above the median reported for non-users
(happiness = 7) after ~30 minutes, and up until a period of ~120 minutes, after which

there is fluctuation (Figure 2.4b).
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Figure 2.3: Model-averaged (AAICc < 2 model set) odds ratios and 95% confidence intervals for five

models investigating whether (a) visit frequency and (b) log visit duration predict each of five measures

of wellbeing (happiness = dark brown, anxiety = blue, life satisfaction = light brown, worthwhileness

= yellow, mental wellbeing = dark green) of participants who visited green and blue spaces in

Georgetown (n = 431). The centre circle is the odds ratio (filled = significant). 95% confidence intervals

are determined to be significant if they do not cross one, with those above one positively related, and

those below one negatively related, to wellbeing
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Figure 2.4: Measures of happiness as a function of (a) log visit duration and (b) visit duration

untransformed (minutes) for green and blue spaces in Georgetown (n = 407), plotted using an
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unadjusted bivariate smoothing (LOESS) curve (with 95% confidence intervals). Horizontal dashed
line represents the median wellbeing value for non-users (0 minutes duration), revealing any increases

reported for green and blue space users thereafter

2.5 Discussion

Identifying how urban green and blue spaces benefit human wellbeing can inform their
prioritisation in urban land-use planning and management decision-making (Richards
et al., 2017; van den Bosch and Nieuwenhuijsen, 2016). We find that intentionally
spending more time in urban green or a blue space, for any reason, was associated with
improved positive experiential wellbeing in Georgetown, Guyana. To the best of our
knowledge, this is the first time that a that dose-response has been evaluated for this
region of the world, and demonstrates the cross-cultural importance of exposure to
urban green and blue space for improved wellbeing (Garrett et al., 2019; Nath et al.,
2018; Shanahan et al., 2016; White et al., 2017, 2019). This finding is supported by
our qualitative analysis of visit motivations, which identified codes that are illustrative
of the mechanisms through which people derive wellbeing benefits in nature,
including ‘restoring capacities’ (e.g. relaxation), and ‘building capacities’ (e.g.
exercise) (Markevych et al.,, 2017). Public health authorities in Georgetown
responsible for policy recommendations should note the minimum of 30 minutes
exposure to urban green or blue spaces, while undertaking any activity, to increase
positive experiential wellbeing. Campaigns based on this recommendation could be
targeted specifically at older people from low educated backgrounds, as this sector of
society is, currently, less like to visit. Ensuring that accessible urban green and blue
spaces are spread across the city is another important consideration.

Although our dose-response finding supports the notion that nature-exposure is
beneficial to particular aspects of human wellbeing, some subtleties were uncovered.
Indeed, we show that log visit duration was not associated with improvements in the
other four measures of wellbeing (anxiety, life satisfaction, worthwhileness, mental
wellbeing), while visit frequency was not associated with any wellbeing measures.
These findings differ from work conducted in the global North that uses the same
measures, but found increased visit frequency related to higher life satisfaction
(Coldwell and Evans, 2018) and greater eudaimonic wellbeing (White et al., 2017),

and that increased duration (up to 120 minutes) was associated with higher life
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satisfaction (White et al., 2019) and improved mental wellbeing (past a threshold of
60 minutes) (Garrett et al., 2019). This illustrates the importance of researchers and
decision-makers clearly distinguishing between the multiple dimensions of wellbeing
when making recommendations and developing interventions to improve people’s

quality of life on the whole (Dolan et al., 2016).

The absence of an association between green and blue space use with anxiety, life
satisfaction, worthwhileness and mental wellbeing, concurs with the outcomes of
research conducted in Singapore (Saw et al., 2015). The authors argue that while
people in temperate regions are drawn to urban green spaces for the cooling benefits
these spaces offer (Lafortezza et al., 2009), the extreme temperature and humidity
posed by the tropical climate in Singapore tends to drive people into air-conditioned
buildings. Moreover, Saw et al., (2015) contend that as greenery is so abundant
throughout Singapore, it is difficult to detect how urban green spaces per se might be
affecting human wellbeing. In Georgetown, air conditioning is less common, but the
city has a wealth of biodiversity (Hayes et al., 2019; Hunte et al., 2019) and
participants may therefore gain incidental exposure to nature during, for example, a
commute to work (Keniger et al., 2013). Moreover, the presence of balconies, porches,
and backyards allow residents to spend time outside without leaving the safety of their
properties, and are present in most of Georgetown’s neighbourhoods regardless of
socioeconomic status. Indeed, we found the majority of visits to green spaces for
cognitive visit motivations were for purposeful work (e.g. ‘kitchen garden’, ‘picking
fruit’, "maintenance’), predominately in backyards. Further investigation is necessary
to disaggregate the importance of public and private green spaces in Georgetown, to
build on our understanding of the positive contribution of personal gardens to
wellbeing in the global North (de Bell et al., 2020; Young et al., 2020). However, our

results do emphasise the need to incorporate backyards into future land-use planning.

Higher nature-relatedness was strongly associated with increased visit frequency and
log visit duration, as well as higher life satisfaction, worthwhileness, mental wellbeing
and, although unintuitive, higher anxiety. While the latter finding for anxiety directly
opposes existing evidence (Martyn and Brymer, 2014), the wide confidence intervals
indicate substantial levels of uncertainty. Yet, it is possible that people were seeking

respite from feelings of anxiety by spending more time visiting green and blue spaces,
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which merits further examination. Nonetheless, this study is the first to validate the
nature-relatedness scale in Guyana, and supports findings from the global North that
feeling connected with the natural world drives increased visit frequency and visit
duration (Cox et al., 2018; Lin et al., 2014), and that nature-relatedness is positively
associated with higher wellbeing (Cox et al., 2017, 2018; Nisbet et al., 2011; Zelenski
and Nisbet, 2014). However, visits to green and blue space in the past week have also
been shown to enhance nature-relatedness itself (Shanahan et al., 2017). Nature-
relatedness is further associated with a number of pro-environmental behaviours and
attitudes (Mayer and Frantz, 2004; Nisbet et al., 2009), although recreational and
physical visits to green and blue spaces have also been associated with pro-
environmental attitudes, mediated by increased wellbeing (Dean et al., 2019). While
debates ensue about what it means to be ‘connected’ to nature, and whether people
need to ‘experience’ nature to exhibit pro-environmental behaviours and attitudes
(Clayton et al., 2017; lves et al., 2017), it is clear that all these factors are cyclically
interconnected. Furthermore, although attempts have been made to use the
‘Connectedness with Nature’ scale amongst farmers elsewhere in the Amazon
(Mikotajczak et al., 2019), more work is needed to ascertain how attitudes toward the
natural environment interact with pro-environmental behaviours, such as urban green

and blue space use, to improve human wellbeing in Guyana.

Concern for personal safety was a key determinant of whether participants visited
Georgetown’s green and blue spaces. Studies in the global South have shown that
perceptions of safety strongly influence use of green space (Ambrey and Shahni, 2017;
Hong et al., 2018), and in South America specifically (Parra et al., 2010; Wright
Wendel et al., 2012). In Georgetown, crime and illegal activity is rife, compared with
the country at large (Cummings et al., 2018), although there are no resolved data on
crime within urban green or blue spaces. Understanding what attributes of these spaces
influence personal safety concerns is necessary to identify how their design and
management can be altered to encourage use. For instance, Pitt (2019) recommends
improvements in cleanliness, lighting, and surveillance will influence perceptions of

safety in urban waterways.

Before now, the wellbeing of the population of Guyana has not been examined, as the

country has never been included in international assessments of human wellbeing,
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such as the Gallup World Poll (Graham et al., 2018; Helliwell et al., 2016, 2020). This
is despite the high prevalence of psychological health disorders amongst the
population (Arora and Persaud, 2019). All four positive dimensions of wellbeing
(happiness, life satisfaction, worthwhileness, mental wellbeing) increased with age,
which is thought to be related to an increased ability to process and regulate emotional
experiences and prioritise emotional goals, regardless of the fact that ageing is
concomitant with decreased physical, mental, and social health (‘the paradox of
aging’) (Mackenzie et al., 2018). Moreover, we found that participants who had spent
time growing up outside of Georgetown (either in rural areas or abroad) felt their life
was more worthwhile than those that had only lived in Georgetown. This is of
particular interest given the magnitude of emigration out of Guyana, which has kept
the population consistent since the 1980°s (Mycoo, 2017). High levels of emigration
are thought to be the result of lack of employment, low salaries, and political insecurity
(Commonwealth Secreteriat, 2015), all of which are factors known to contribute to

subjective human wellbeing (Helliwell et al., 2020).
2.6 Conclusion

Accelerating urbanisation and population growth will place growing pressure on urban
green and blue spaces, particularly in the global South (Pauchard et al., 2006; Richards
etal., 2017), which offer habitat for biodiversity and can also benefit human wellbeing
(WHO and CBD 2015). Guyana is a biodiversity-rich country with a rapidly emerging
economy (Panelli, 2019) and a national mental-health crisis (Arora and Persaud,
2019). As a nation, policy-makers are looking to minimise trade-offs between
ecological and public health demands in their land-use planning. Our results suggest
that decision-makers could improve human wellbeing through the provision of urban
green and blue spaces across the city, including ensuring that backyards are associated
with dwelling. Not only should new spaces be incorporated into future development
plans, but existing spaces could be enhanced by reducing people’s safety concerns and
encouraging older people to visit. It is important to guarantee that wellbeing benefits
are available to all sectors of society, minimising the risk of gentrification and any
subsequent health inequalities (Cole et al., 2017; Haase et al., 2017). Moreover, public
health officials should seek to understand what nature-relatedness means for people

living in Georgetown, given its clear link with improved wellbeing.
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Table S2.2: Psychological wellbeing scales

(a) ONS Wellbeing scale

Now I would like to ask you two questions about your feelings on aspects of
your life in general. Response options: continuous scale (1 = Not at all to 11 =
Completely)

Questions:

Overall, how satisfied are you with your life nowadays?

Overall, to what extent do you feel the things you do in your life are
worthwhile?

The next two questions are about your feelings on aspects of your life
yesterday.
Response options: continuous scale (1 = Not at all, 11 = Completely)

Questions:
Overall, how happy did you feel yesterday?
Overall, how anxious did you feel yesterday?

(b) WHO-5 mental wellbeing scale

Please indicate for each of the five statements which is closest to how you have
been feeling over the past seven days

Response options: At no time, Some of the time, Less than half the time, More
than half the time, Most of the time, All of the time

Statements:

| have felt cheerful and in good spirits

| have felt calm and relaxed

| have felt active and energetic

| woke up feeling fresh and rested

My daily life has been filled with things that interest me
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Table S2.3: Nature-relatedness scale

(a) Nature-relatedness (NR6) scale

Nature-relatedness scale used in short face-to-face questionnaire (Nisbet and
Zelenski 2013)

I would like you to indicate how much you agree or disagree with the following
statements.

Response options: Strongly disagree, Disagree a little, Neither agree or
disagree, Agree a little, Strongly agree

Statements:

My ideal vacation spot would be a remote wilderness area

| always think about how my actions affect the environment

My connection to nature and the environment is part of my spirituality
| take notice of wildlife wherever | am

My relationship to nature is an important part of who | am

| feel very connected to all living things and the earth
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Table S2.4: Illustrative participant motivations for visiting specific green or blue spaces in the past

seven days in Georgetown, Guyana (open-ended question), grouped by domain and code

Domain Theme Code Examples
Physical Physical restoration Relaxation relax; relaxation; relaxing;
hammock under the trees
Physical pursuits Exercise jogging; work out; move
around; exercise
Sport cricket; sports; football;
play hockey; frizbee
Cognitive Mental pursuits Purposeful work  maintenance; kitchen

Attention restoration

Religious use

Peace and quiet

garden; picking fruit;
fishing

religious pilgrim; prayers
to find peace, quiet

Space qualities Nature Fresh air breezy; take breeze; fresh
air; fresh breeze
See nature contact with nature; admire
nature; see landscape
Feature Proximity closest to me; live near; live
near there
Unstructured Passing time Recreation leisure; recreation;
time recreational; an event
Unstructured routine visit; day off; check
time around; checking
Sight-seeing sightseeing; wanted to sight-
see
Social Socialising Family outing family time; family outing;
take kids; take children
Meet friends social gathering; friend
meetup; see friends; party
Hang out hang out; hang out with
friends
Global Health Depression Depression
wellbeing Health health and nature
Therapy Therapy
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3. 1. Abstract

Accelerating rates of urbanisation are contributing to biodiversity declines worldwide.
However, urban green (e.g. parks) and blue spaces (e.g. coast) provide important
habitat for species. Emerging evidence also shows that green and blue spaces can
benefit human psychological wellbeing, although few studies originate from the global
South and it is unclear whether more biodiverse spaces offer greater wellbeing gains.
We examine how bird diversity (abundance, species richness, Shannon diversity, and
community composition) in green and coastal blue space in Georgetown, Guyana, is
associated with people’s wellbeing (positive and negative affect, anxiety) in situ, using
point counts and questionnaires. Bird community composition differed between green
and coastal sites, and diversity was significantly higher in green sites. Positive affect
and anxiety did not differ between green and coastal sites, but negative affect was
higher in coastal sites. Mixed-effect models showed no associations between
biodiversity and wellbeing, so other features are contributing to people’s positive
wellbeing. Despite no association between biodiversity and wellbeing, both green and
coastal blue sites are important for wellbeing and supporting different bird
communities. City planning authorities and public health professionals should ensure
these social and environmental needs are met in developing cities in the global South.

Keywords: community; ecosystem service; global South; human-wildlife
interactions; mental health; urban planning.
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3. 2. Introduction

Urbanisation rates are increasing globally, with urban landcover forecast to triple
between 2000 and 2030 (Angel et al., 2011), and 60% of people around the world will
live in urban areas by 2030 (United Nations 2018). Residing in towns/cities can be
detrimental to human wellbeing, as the prevalence of mental health issues (e.g.
anxiety, depression) is greater than in rural regions (Peen et al., 2010, World Health
Organisation and Convention on Biological Diversity 2015). The scale of urbanisation
also places significant pressure on biodiversity (Guneralp and Seto, 2013) and,
consequently, ecosystem functions that provide critical services to humanity
(Cardinale et al., 2012). However, biodiversity can thrive in towns and cities (Ives et
al., 2016), with urban green spaces (e.g. parks, gardens) providing a refuge for some
species (Baldock et al., 2015; Fontana et al., 2011). Additionally, there is substantial
evidence showing that visits to urban green spaces can benefit people’s psychological
wellbeing (Keniger et al., 2013, Lovell et al., 2014), by ameliorating stress and fatigue
while restoring attention (Kaplan and Kaplan, 1989; Ulrich et al., 1991). The planning,
design and management of urban areas is therefore important for both biodiversity

conservation and public health services.

Emerging literature also highlights the importance of blue spaces (e.g. rivers, coast)
for psychological wellbeing. Indeed, while often subsumed within the definition of
green spaces (Coldwell and Evans, 2018; van den Berg et al., 2017; White et al., 2019),
some research suggests stronger positive associations are apparent when blue spaces
are considered independently. For instance, studies using national survey data show
that people living near visible salt or freshwater experience lower psychological
distress than those near visible green spaces (Nutsford et al., 2016), and a more
pronounced reduction in the prevalence of anxiety and mood disorders associated with
the availability of blue over green space (de Vries et al., 2016). Likewise, experimental
evidence demonstrates people prefer viewing scenes containing water, rather than just
greenery, and perceive them as more restorative (White et al., 2010). Suggested
explanations for this include the specific characteristics of water, such as its visual
properties (e.g. vastness, movement) and sounds (e.g. breaking waves) (Volker and
Kistemann, 2015; White et al., 2010). Gascén et al's (2017) review of blue spaces,
health and wellbeing indicates that a diverse array of psychological outcome measures
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have been studied to date (e.g. psychological distress, minor psychiatric morbidity),
but that psychological wellbeing is rarely a focus. With over one third of the world’s
population living near a coastline (Neumann et al., 2015), there is considerable
potential to develop a stronger evidence-base around how coastal blue spaces could

influence psychological wellbeing.

Disentangling the impacts of green and blue space for psychological wellbeing,
particularly where they co-occur, is important to identify effective land-use
management/policy strategies (Higgins, Sahran et al., 2019). Achieving this requires
a better understanding of which specific characteristics of green and blue spaces
enhance or detract from wellbeing. Specifically, teasing apart the role biodiversity
plays in human-nature relationships would be valuable for decision-makers tasked
with improving environmental quality for people and species alike. Current empirical
evidence to support the contribution of biodiversity to psychological wellbeing is
equivocal. For instance, greater bird abundance has been associated with lower stress,
depression and anxiety, but these relationships did not hold when species richness was
used as the biodiversity metric (Cox et al., 2017). Conversely, other studies have found
greater bird species richness to be associated with higher psychological wellbeing
(reflection, place identity and place attachment) (Fuller et al., 2007; Dallimer et al.,
2012).

No research has quantitatively examined the link between biodiversity in blue spaces
and psychological wellbeing in situ, although there is qualitative and ex situ evidence
that blue space biodiversity has a positive effect. In a laboratory setting, viewing
videos of coastal bird flocks and charismatic species resulted in positive moods,
compared with other wildlife (White et al., 2017b). In an aquarium, higher Shannon
diversity of aquatic fish was, similarly, related to higher self-reported mood and
interest (Cracknell et al., 2016). Garrett et al., (2018) found that people in Hong Kong

were more likely to visit blue spaces if they felt there was wildlife to see.

There are also major geographical gaps in where biodiversity-wellbeing research has
taken place, with a paucity of studies from the global South (Botzat et al., 2016;
Keniger et al., 2013; Lovell et al., 2014). Global South nations are urbanising
extremely quickly, with urban landcover expected to grow 315% between 2000 and
2050 (United Nations 2018, Angel et al., 2011). Simultaneously, there is a lack of
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urban conservation research and action which could help alleviate associated
biodiversity loss (Shwartz et al., 2014). The largest urban expansion into biodiversity-
rich ecosystems by 2030 is predicted for South America, with a ~3.5 fold increase in
urban landcover (Glneralp and Seto, 2013), where cities are characterised by extreme
social and economic inequality (Pauchard and Barbosa, 2013). Despite the presence
of green spaces in South American cities, urban planners have yet to fully
acknowledge their importance as key habitats for species, or the benefits they may
provide to human wellbeing (Pauchard and Barbosa, 2013).

Here, we explore bird diversity and psychological wellbeing in Georgetown, Guyana.
Birds were chosen as a model taxa as they are highly visible, inexpensive to monitor,
and are indicators/providers of ecosystem functions (Herrando et al., 2017). Moreover,
given its proximity to the Guiana Shield Amazonian forest, Georgetown contains more
than 10% of Guyana’s known bird species, found throughout the city’s urban green
and coastal blue space in differing levels of diversity (Hayes et al., 2019). By
comparing sites within green and coastal blue space, we subsequently hypothesise that
this observed variation in bird diversity will relate to variation in human psychological
wellbeing (positive affect, negative affect, and anxiety). This study addresses
important knowledge gaps, relating biodiversity to wellbeing in green versus coastal
blue space in the global South.

3.3. Materials and methods

3.3.1 Study Design

Georgetown, the capital of Guyana in northern South America (Figure 3.1a-b), has a
human population of ~192,000 (Bureau of Statistics 2012). Once a wetland, the city
sits below sea level, protected from flooding by a sea wall (Edwards et al., 2005).
There are many managed green spaces throughout the city, with two large public parks
(National Park and Botanical Gardens), cemeteries, several smaller neighbourhood

parks, and University of Guyana grounds.
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Figure 3.1: (a) Guyana, in northern South America, (b) Georgetown, along the north coast of Guyana
and (c) sites in Georgetown (n =19 green sites, n = 19 coastal sites) used for bird surveys (circles), and
used for both bird surveys and questionnaires (squares) (n =5 green sites, n = 5 coastal sites), and the

distribution of the three environmental variables (impervious surfaces, vegetation, and water) across the
city

We collected both questionnaire and bird point count survey data across Georgetown.
First, sites were randomly selected (see Hayes et al., 2019 for full details) within green
space (green sites, n = 19) and coastal blue space along the sea wall (coastal sites, n =
19). Sites were at least 250 m from one another to ensure spatial independence (Silva
etal., 2015).

The green and coastal blue sites were defined and ground-truthed according to the
predominant percent ground cover of a number of environmental variables within a 50
m radius of the site centre. This radius reflected the search area of the bird point count
surveys, and the area participants were asked to consider when completing the
questionnaire (see supplementary material Figure S3.1 for examples). The recorded
environmental variables comprised impervious surfaces, vegetation (tree canopy,
shrub, grass) and water (ocean, drains, pond, canals) (see supplementary material
Table S3.1 for descriptions). As we were matching site-level biodiversity with

people’s momentary wellbeing, we delivered the questionnaire in 10 (n = 5 green sites,
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n = 5 coastal sites) of the 38 point count survey sites where people were known to

visit (Figure 3.1c).
3.3.2 Questionnaire development and delivery

We invited participants to respond to a questionnaire about ‘how people feel in
Georgetown’. Three initial questions explored visit patterns that could affect
momentary wellbeing, including how often they visit the site (visit frequency), who
they were visiting with (type of company), and the reason for visiting on this occasion
(visit motivation). These questions were asked first to reduce response bias (Robson
and McCartan, 2016). To measure visit frequency, we asked: ‘How frequently do you
come past this spot?’ with five response options (daily, weekly, monthly, less than
monthly, yearly), and ‘Who are you with today?’ with six response options (children,
friends, partner, parents, alone, other) to record type of company. These were
followed by an open-ended question to gauge visit motivation: ‘What is the main

reason you are here today?’.

Momentary psychological wellbeing was measured as positive affect, negative affect
and anxiety, using existing validated scales commonly used in nature-wellbeing
research (e.g. Cracknell et al., 2016, Wolf et al., 2017, Marselle et al., 2016). We asked
participants to ‘rate how you feel at the present moment in this spot’. They were
specifically and repeatedly asked to consider only a 50 m radius around them, to
correspond with the area of the bird point count surveys. The Positive and Negative
Affect Schedule (PANAS) asked participants for 10 positive and 10 negative
emotions, on a five-point scale (1 = not at all, 2 = slightly, 3 = moderately, 4 = quite
a bit, 5 = extremely) (Watson et al., 1988) (supplementary material Table S3.2a).
Scores for each set of 10 emotions are summed to create a continuous measure (10 to
50) of positive and negative affect. The six-item State Trait Anxiety Inventory (STAI)
(Marteau and Bekker, 1992) measures anxiety using the same stem question as for
PANAS (supplementary material Table S3.2b). We modified response options from
the original four-point to a five-point scale in keeping with PANAS, to reduce
potential participant confusion. Negative items in STAI were reverse scored, then all
scores were added together and multiplied by 3.33 to generate total in the range of 20-
100 (Marteau and Bekker, 1992). Cronbach’s a was used to check for internal
consistency in each scale (Cronbach, 1951).
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Using questions from the most recent Guyanese census (Bureau of Statistics 2012),
we collected sociodemographic data on gender and age to ascertain whether our
sample was representative of the Georgetown population. The questionnaire was
piloted with 20 members of the public from varying demographic backgrounds. One
adjustment was made to the original PANAS, replacing ‘jittery’ with ‘uneasy’ as
participants found this easier to understand. Show cards were used to display response
options from which participants selected answers, reducing the chance of skipped
questions (OECD, 2013) and acting as a literacy aid. Questionnaires were delivered
face-to-face to every third passer-by above the age of 18 during daylight hours (07:30-
18:30) every day of the week, including weekends. Ethics approval was gained from
University of Kent’s Faculty of Social Sciences Research Ethics Advisory Group for
Human Participants (Ref. No. 0511617).

3.3.3 Bird surveys

Bird point counts were conducted at green (n = 19) and coastal sites (n = 19), with
one survey undertaken per site (see Hayes et al., 2019 for full details). Point counts
took place on clear days, between 05:30 and 08:30, with each survey lasting 15
minutes. All birds seen within 50 m of the point count center, including those flying
no more than 25 m above the highest structure, were recorded to species level.
Anything flying higher than this threshold was deemed a flyover.

3.3.4 Analyses

Statistical analyses were performed using R version 3.5.0 (R Core Development Team
2019). Differences in the ground cover of environmental variables (impervious
surfaces, vegetation and water) between green and coastal sites were compared using
non-parametric two-sample Wilcoxon rank sum tests. Bird abundance, species
richness, and Shannon diversity were also calculated for each of the 38 sites using the
‘Vegan’ package (Oksanen et al., 2018). No spatial autocorrelation was evident
between sites (see supplementary text Section 3.1 for details). Non-metric
multidimensional scaling (NMDS) was used to visualise the composition of bird
communities in green and coastal sites (see supplementary text for details), using
‘metaMDS’ (Oksanen et al., 2018), and statistical differences quantified with Analysis
of Similarities (ANOSIM), using ‘anosim’ (Oksanen et al., 2018). Sites where

questionnaires were delivered (n = 5 sites per landcover type) contained bird
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communities representative of each type of landcover, with 80% falling inside each of
the green or coastal NMDS minimum convex polygons (see supplementary text
Section 3.1 for details). Comparisons between green and coastal sites where

questionnaires were conducted were made using Wilcoxon rank sum tests.

The qualitative reasons for participants visiting a site (e.g. ‘passing through’) were
coded iteratively by two authors (JCF, KNI) into codes (n = 27), themes (n = 9) and
domains (n = 5) (supplementary material Table S3.4), based on a previously
developed typology (Irvine et al., 2013). Chi-squared tests were used to compare
differences in visit frequency, type of company and visit motivations between green
and coastal sites. Analyses for visit motivations were conducted at domain level to
overcome sample size limitations. A G-test was used to investigate if the sample

population was representative of Georgetown.

Using the ‘lme4’ package (Bates et al., 2015), we created bivariate general linear
mixed-effect models to assess initially whether levels of biodiversity could predict
wellbeing, using ‘site’ as a random effect to control for independence. We used log-
gamma error distributions for non-normal residuals for all wellbeing response
measures. We also used an interaction term between the two NMDS axes from our
bird community analysis (a measure of how the composition of species differs) as a
fourth predictor in the bivariate models. Next, we produced adjusted general linear
mixed-effect models that contained biodiversity measures alongside demographics
(gender and age) and visit patterns (visit frequency, type of company, visit motivation)
to see if these covariates were influencing the association between biodiversity and
wellbeing. To improve power, we collapsed visit frequency categories into ‘Daily’,
‘Weekly’, and ‘Monthly or Less’, and visit company into ‘Alone’, ‘Family’, and
‘Friends’. Numerical variables were centred, and we checked for multicollinearity
using variance inflation factors, finding no issues. Checks for model fit, overdispersion
and homoscedascity were carried out prior to analysis (Harrison et al., 2018; Zuur and
leno, 2016).

3.4. Results

Both green and coastal sites contained a similar percentage ground cover of
impervious surfaces (W = 17.5, p = 0.313) (Figure 3.2; supplementary Table S3.5).
58



Coastal sites were predominantly characterised by water (W = 25, p < 0.05) and green
sites by vegetation (W =0, p < 0.001).
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Figure 3.2: Percentage ground cover for the three environmental variables (impervious surfaces,
vegetation, and water) across green and coastal sites where questionnaires were delivered (n = 5 per
landcover type). Boxplots show range (whiskers) of data about the median (bold horizontal line), with
the coloured box depicting the 25th and 75th quartiles. Hollow circles denote outliers, filled circles
denote means. Star notation indicates significance level of analysis with Wilcoxon rank sum tests (ns =
not significant; * = p < 0.05 *** = p < 0.001)

Across the 10 sites where questionnaires were conducted, 306 individuals participated
(response rate = 70%), with 169 and 137 in green and coastal sites respectively.
Overall, 58% of participants were women, and age ranged between 18 and 65+ years
old. Although sample demographics were not representative of the wider Georgetown
population (supplementary material Table S3.6), they were broadly similar between
green and coastal sites (supplementary material Table S3.7). The frequency of visits
to green and coastal sites was significantly different (X? = 12.053, df = 4, p = 0.012),
with coastal sites visited more on a daily basis (41%) compared with green sites (30%),
which had a higher percentage of yearly visits (23%) than coastal sites (59%)
(supplementary material Tables S3.8-S3.10). For additional visit pattern outcomes,
there were no significant difference between green and coastal sites (type of company:
X? =6.689, df = 4, p = 0.153; visit motivation at domain level: X? = 6.625, df =4, p =
0.157), with almost half of all participants (47%) visiting both landcover types alone,
and the majority (66%) visiting for physical activity.
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All three scales measuring momentary psychological wellbeing showed good internal
consistency (Cronbach’s a: positive affect = 0.85; negative affect = 0.85; anxiety =
0.70). There were no significant differences in positive affect (W = 11396, p = 0.814)
or anxiety (W = 21067, p = 0.931) between green and coastal sites. A significant
difference in negative affect was identified (W =9810.5, p = 0.014), whereby negative

affect was lower in green space (Figure 3.3; supplementary Table S3.5).
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Figure 3.3: Momentary wellbeing measures (positive affect, negative affect, and anxiety) for visitors
to green (n = 169 respondents, n = 5 sites) and coastal sites (n = 137 respondents, n = 5 sites) in
Georgetown, Guyana. Boxplots show range (whiskers) of data about the median (bold horizontal line),
with the coloured box depicting the 25th and 75th quartiles. Statistical significance level of analysis
with Wilcoxon rank sum tests (ns = not significant; * = p < 0.05)

A total of 1298 individual birds were identified to species level during the point counts,
with 72 and 26 species recorded at green and coastal sites respectively. Sampling effort
was deemed adequate, based on species accumulative curves for green and coastal
sites respectively (supplementary Figure S3.2). All measures of bird diversity were
significantly higher in green compared to coastal sites (abundance: W = 25, p < 0.05;
species richness: W = 25, p < 0.05; Shannon diversity: W = 23, p < 0.05) (Figure 3.4;
supplementary Table S3.5).
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Figure 3.4: Measures of bird diversity (abundance, species richness, and Shannon diversity) measured
from green sites (n = 5) and coastal sites (n = 5) where both point counts and questionnaires were
delivered in Georgetown, Guyana. Boxplots show range (whiskers) of data about the median (bold
horizontal line), with the coloured box depicting the 25th and 75th quartiles. Hollow circles denote
outliers, filled circles denote means. Star notation indicates significance level of analysis with Wilcoxon

rank sum tests (* = p < 0.05)

There were significant differences between the bird communities of green and coastal
sites (ANOSIM: R =0.79, p = 0.001) (Figure 3.5).
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Figure 3.5: NMDS two-dimensional plot of bird assemblages from 38 sampled sites (19 coastal = blue
circles and squares, 19 green = green circles and squares). Of these, questionnaires were delivered at
10 sites (5 coastal = blue squares, 5 green = green squares). A stress value of 0.16 was calculated. Green

and coastal sites are grouped by their minimum convex polygon (dotted lines)

There was a statistically significant association between bird community composition
and positive affect in green sites when tested with bivariate general linear mixed-effect
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models (supplementary material Table S3.11), which did not hold when adjusted for
demographic covariates and visit patterns (Table 3.1). There were no associations
between any other measures of momentary psychological wellbeing and bird diversity
in the bivariate or adjusted models.

3.5. Discussion

Globally, the fastest rate of urbanisation into biodiversity-rich ecosystems is forecast
for South America (Guneralp and Seto, 2013). Yet, the role of urban biodiversity for
the provision of ecosystem services such as human wellbeing has yet to be fully
acknowledged in this region (Pauchard and Barbosa, 2013). Here, we provide novel
evidence from the global South that bird diversity (abundance, species richness,
Shannon diversity, and community composition) is not associated with momentary
psychological wellbeing (positive affect, negative affect, and anxiety). This is
inconsistent with work from Europe that demonstrates bird species richness relates
positively to wellbeing (continuity with the past, place attachment, Fuller et al., 2007;
continuity with the past, place attachment, reflection, Dallimer et al., 2012, vitality,
reduced anxiety, Wolf et al., 2017). Likewise, research from UK and Australia has
shown that higher bird abundance relates to lower depression, anxiety, and stress (Cox
et al., 2017), and to greater life satisfaction in a neighbourhood (Luck et al., 2011).
However, comparisons between studies are complicated, not only because of their
different geographical locations globally, but also due to the various measures of
psychological wellbeing used and the context (e.g. back garden, neighbourhood). For
example, Wolf et al., (2017) use STAI videos of birds in a laboratory setting to explore
associations between biodiversity and anxiety, whereas Cox et al., (2017) use the
Depression, Anxiety and Stress scale with bird point counts in a neighbourhood.
Therefore, making generalised, overarching conclusions about associations between

biodiversity and wellbeing remains difficult.
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Momentary psychological wellbeing differed little between green and coastal sites.
These findings contradict studies that report significantly higher levels of wellbeing
associated with blue rather than green space (de Vries et al., 2016; Nutsford et al.,
2016; White et al., 2010). As our findings suggest that bird diversity was unrelated to
wellbeing, other features are likely to be driving the high positive affect and low
anxiety observed. Attributes specific to coastal blue spaces, like crashing waves and
oceanic smells, are reported as therapeutic (Bell et al., 2015), as well as vast
panoramas and easy orientation, which relate to psychological wellbeing (Finlay et al.,
2015; Volker and Kistemann, 2015). More research is needed into what factors of blue
space influence psychological wellbeing, particularly to understand the higher levels
of negative affect we found in coastal as opposed to green sites. Indeed, certain green
space attributes like lighting, cleanliness, and tree abundance, as well as people’s
perceptions of attributes such as naturalness, comfort and beauty are known to
influence wellbeing (Ayala-Azcarraga et al., 2019, Zhang et al., 2013, Francis et al.,
2012, Akpinar 2016).

Disparity exists between how people’s perceptions map onto objective reality,
particularly in terms of biodiversity (Pett et al., 2016). This has been shown in two
studies looking at the effects of actual and perceived biodiversity on psychological
wellbeing, where bird species richness was incorrectly estimated (Dallimer et al.,
2012; Fuller et al., 2007). Perceptions could be affected by specific species evoking
positive or negative reactions based on cultural significance or childhood experience
(Bell et al., 2018). For example, people have positive associations with culturally
important songbirds (Brock et al., 2017; Clucas et al., 2015), and negative associations
with local wildlife thought to be dangerous (Schuttler et al., 2019). These studies
indicate that people’s wellbeing experiences could relate to particular species or
combinations of species present at the time (Bell et al., 2017; Palliwoda et al., 2017),
and could explain why people’s negative affect was significantly lower in green
compared to coastal sites. Disparity between objective and perceived measures of
biodiversity may also reflect the familiarity people have with local wildlife (Ratcliffe
et al., 2018; Schuttler et al., 2019). For example, by assessing the identification skills
of urban riparian green space visitors, Dallimer et al., (2012) showed that knowledge
of birds was related to how accurately people estimate levels of biodiversity around

them, with species common to domestic gardens more accurately recognised.
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Bird diversity measures of abundance, species richness, and Shannon diversity of birds
were much greater in green sites than at the coast, and the community composition
was different between the two landcover types. The green spaces of Georgetown have
been shown to contain sufficient tree cover and vegetation to support a high diversity
of birds (Hayes et al., 2019), consistent with other studies in South American cities
(Pauchard et al., 2006; Reis et al., 2012; Reynaud and Thioulouse, 2000). These
findings emphasise the conservation value of green and coastal blue spaces in urban
areas. Given evidence that cities can offer important habitat for threatened species
(Ives et al., 2016), efforts should be made by urban planners to protect these spaces

for both wildlife, as well as people.
3.6. Conclusion

As cities strive for sustainability, there are growing demands to simultaneously satisfy
economic, social, and environmental needs (United Nations 2018). To meet these
multiple demands, interdisciplinary studies are critical to highlight where co-benefits
can be derived from particular land-use planning interventions (Hartig and Kahn 2016,
Botzat et al., 2016). This study provides novel evidence regarding how wellbeing
might be linked, or not, with biodiversity, comparing green and coastal blue space
within the same global South city. Our evidence suggests that there is no direct
association between bird diversity and wellbeing for people in Georgetown. It is likely
that features specific to green and coastal blue space, as well as people’s perceptions
of these sites, are contributing positively to wellbeing, which require further work to
uncover. Nonetheless, we suggest that conserving bird diversity and encouraging visits
to Georgetown’s green and coastal blue space could benefit the human and avian
populations alike. The research is important for city planning authorities,
conservationists and public health professionals who seek to manage urban
environments to conserve wildlife, while improving the quality of life for people in

rapidly developing cities.
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3.8. Supplementary information

Figure S3.1: Photographic images taken from Georgetown, Guyana, from a (2) green site, and (b)

coastal site
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Table S3.1: Description of ten environmental variables within three parent categories used to assess

site type in Georgetown, Guyana. Percentage ground cover of each environmental variable was

estimated within a 50 m radius of the site centre

Parent Category

Environmental Variable

Description

Impervious surfaces

Vegetation

Water

Buildings

Roads

Pavements

Tree canopy

Shrub
Grass
Ocean
Drains

Pond

Canals

Permanent structure such
as house, factory, or wall
Paved area for vehicle
travel, including off-road
tracks

Compacted hard surface,
such as pedestrian
walkway, parking, and
sea wall promenade
Woody vegetation above
2m

Woody vegetation below
2m

Herbaceous vegetation
Coastal water, including
mud

Roadside sewage drains
Man-made water bodies
as well as flooded areas
Artificial waterways
wider than 2 m
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Table S3.2: Psychological wellbeing scales used in a short face-to-face questionnaire: (a) Positive and

Negative Affect Schedule (PANAS), containing 10 positive and 10 negative words, and (b) State-Trait

Anxiety Inventory (STAI) six-item short-form, containing six words that relate to anxiety

(a) Positive and Negative Affect Schedule (PANAS)

Please rate how you feel now, at the present moment, in this spot where you are standing.

Response options: Not at all, A little, Moderately, Quite a bit, Extremely

[

e A A R

Enthusiastic
Scared
Afraid
Interested
Upset
Determined
Excited
Distressed

Inspired

10. Alert

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Uneasy
Nervous
Ashamed
Active
Strong
Guilty
Proud
Attentive
Irritable
Hostile

(b) Spielberger State-Trait Anxiety Inventory (STAI) six-item short-form:

Please rate how you feel now, at the present moment, in this spot where you are standing.

Response options: Not at all, A little, Moderately, Quite a bit, Extremely

1.

A

I feel calm
I feel tense
I feel upset
I am relaxed
I feel content

I am worried
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Text Section 3.1:
Spatial autocorrelation

Given that sites that are geographically closer in space may produce data that are more
similar than those that are further apart, we tested for spatial autocorrelation.
Specifically, we tested whether the wellbeing measures from sites that were
geographically closer together were more similar. Using a Mantel test with 999
permutations, we detected no evidence of spatial autocorrelation in our outcome
variables of positive affect (r = -0.003 p = 0.55), negative affect (r = -0.001, p =0.49),
and anxiety (r = -0.036, p = 0.985). We used the same method to test for spatial
autocorrelation in the bird diversity measures. Similarly, we found no evidence of
spatial autocorrelation for abundance (r = -0.069, p = 0.608), species richness (r = -
0.069, p = 0.599), or Shannon diversity (r = -0.069, p = 0.589).

Non-metric multidimensional scaling

This enables visual representation of how communities at each site differ, represented
in community dissimilarity space. Sites are coloured as either green or coastal, and
connected to form a convex polygon. A ‘stress’ measure < 0.2 indicates good

representation of points in this two-dimensional space (Kenkel and Orloci 1968).
Site-level biodiversity

We matched measures of bird diversity to the 10 sites where wellbeing data had also
been collected. However, as only one point count was conducted per site, reliable
estimates of diversity could only be made when all 19 sites per landcover type were
considered. Using only a subset of sites in our analyses makes the assumption that the
diversity measures in the subset (n = 5 per landcover type) represent the diversity in
the total sample (n = 19 per landcover type). We test this assumption using a number

of statistical analyses.

To compare the mean and variance of each diversity measure at the questionnaire sites
with diversity measures at the point count only sites, we computed two-sample
Kolmogorov-Smirnov tests and a two-sample F test for the mean and variance

respectively. We found no significant differences in abundance, species richness, or
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Shannon diversity between questionnaire sites and sites where only point counts were

conducted.

Table S3.3: Two sample Kolmogorov-Smirnov and F-tests comparing the mean and variance between
sites where questionnaires were conducted (n = 5 green, n = 5 coastal) with sites where only point

counts were conducted (n = 14 green, n = 14 coastal)

Kolmogorov-Smirnov F test
D p F p

Green

Abundance  0.329 0.821 0.545 0.364
Richness 0.371 0.690 1.662 0.664
Shannon 0.643 0.066 1.953 0.544
Coastal blue

Abundance 0.415 0.562 2.006 0.525
Richness 0.338 0.803 1.778 0.612
Shannon 0.523 0.212 1.254 0.901

We calculated a non-parametric Analysis of Similarity (ANOSIM) test of community
composition between sites where questionnaires were conducted, and sites where the
remainder of the point counts were conducted (n = 14 per landcover type). ANOSIM
uses a Bray-Curtis dissimilarity matrix which indicates differences in community
composition (0 = communities are identical; 1 = communities are highly
distinguishable). We show that bird communities at green sites where questionnaires
were conducted (n = 5) demonstrated a high degree of similarity to bird communities
at the remainder of the green point count sites (n = 14) (ANOSIM: R =0.03, p = 0.42).
Likewise, the bird communities at coastal sites where questionnaires were conducted
(n = 5) were very similar to communities at the rest of the coastal sites (n = 14)
(ANOSIM: R =0.11, p = 0.21).

To examine whether the detection of species differed between questionnaire sites (n
= 5 per landcover type) and the rest of the point count sites (n = 14 per landcover
type), we calculated Simple Matching Coefficients (SMC). This index assesses
similarity in patterns of species occurrence between paired sites on a scale of 1 (sites
are identical) to O (sites are unique). Initially, we partitioned the dataset into sites
where questionnaires were conducted (n = 5 green, n = 5 coastal), and where only

point counts were conducted (n = 14 green, n = 14 coastal). We then converted species
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data into a binary detection matrix (0 = absent; 1 = present), to facilitate pairwise
species comparisons between each questionnaire site and each point-count-only site
(n = 70 pairwise comparisons per landcover type). For each landcover type, patterns
of detection were summed to assess similarities in species occurrence between
questionnaire and point count sites. We found a high degree of community similarity
between sites where questionnaires were conducted, compared to where sites where
the rest of the point counts were conducted (Green: SMC mean = 0.72, sd = 0.18;
Coastal: SMC mean =0.72, sd = 0.14).

Thus, the collective results from the Kolmogorov-Smirnov and F tests, ANOSIM,
SMC, and NMDS all suggest that our subset of diversity measures are representative

of landcover type-level diversity.
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Table S3.4: Table of the codes, themes, and domains associated with the reasons for visiting green (G)

(n = 169) and coastal blue (C) sites (n = 137) in Georgetown. Participants were asked to provide one

answer to ‘What is the main reason you are here today?’. Answers to this question were subsequently

coded by two authors (JCF and KNI). 27 codes were then grouped into nine themes and five overall

domains. Numbers represent the number of coded answers at green and coastal sites
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Table S3.5: Summary statistics for environmental variables and bird diversity measures, as well as

momentary wellbeing measures, delivered at green sites (n = 5) and coastal sites (n = 5) in Georgetown,

Guyana
Green Coastal
Mean (SE) Range Mean (SE) Range
Environmental variables
Impervious surfaces 7(2) 0-10 10 (2.74) 0-10
Vegetation 72 (5.61) 60 - 85 3(3) 0-15
Water 21 (4.85) 5-30 87 (1.22) 85- 90
Momentary wellbeing
Positive affect 39.12 (0.64) 18 - 50 39.66 (0.64) 19- 50
Negative affect 12.15(0.32) 10-40 13.50 (0.51) 10 - 47
Anxiety 29.88 (0.91) 20-70 29.66 (1.00) 20-80
Bird diversity
Abundance 49.8 (9.06) 28 - 75 18.4 (5.13) 8- 37
Species richness 15.2 (1.74) 11-21 5.6 (0.68) 4-8
Shannon diversity 2.31(0.30) 1.89- 2.69 1.40(0.10) 1.20-1.67
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Figure S3.2: Estimated bird species richness rarefaction curves from 19 green sites (green lines) and
19 coastal sites (blue lines) sampled in Georgetown, Guyana. Coloured lines indicate 95% confidence

intervals. Both curves tend toward asymptote, indicating sufficient sampling effort in both landcover

types
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Table S3.6: Comparison of sociodemographic background of questionnaire participants (n = 306)
compared with Georgetown’s population according to the most recent census (Bureau of Statistics

2012). G-test for goodness of fit showed that the sample was not representative of the city’s population

Variable  Sample (n) Census (n) X2 Df  pvalue
Gender 13.05 2 0.001

Female 130 62162

Male 176 56207

Other 0 0

Age 35.34 6 <0.001
18-24 93 26.8

25-34 74 243

35-44 46 18.9

45-54 35 13.5

55-64 40 6.9

65+ 18 6.9

Other 0 2.6
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Table S3.7: Comparison of sociodemographic background of participants who took part in
questionnaires in green space (n = 169) versus coastal sites (n = 137) in Georgetown. Chi-squared
goodness of fit tests show that the sociodemographic composition samples were comparable

Variable Green (%) Coastal (%) X2 df pvalue
Gender 1.441 1 0.230
Female 57.66 30.18
Male 65.69 50.89
Other 0 0
Age 2095 5 0.836
18-24 39.42 23.01
25-34 30.66 18.93
35-44 19.71 11.24
45-54 12.41 10.65
55-64 16.06 10.65
65+ 5.12 6.51
Other 0 0
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Table S3.8: Participant answers in short questionnaire: visit company delivered at green (n = 169) and
coastal sites (n = 137) in Georgetown, Guyana. Participants were asked: ‘“Who are you with today?”’.
Chi-squared goodness of fit tests find population probabilities are equal between green and coastal sites:
X2 =6.689, df = 4, p= 0.153

Who are you with today? Green (%) Coastal (%)
Alone 42.6 52.67
Family 16.6 11.72
Friends 23.1 17.52
Kids 3.0 6.69
Partner 14.8 11.72
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Table S3.9: Participant answers in short questionnaire: visit frequency delivered at green (n = 169) and

coastal sites (n = 137) in Georgetown, Guyana. Participants were asked: ‘How frequently do you come

past this spot?’. Chi-squared goodness of fit tests find population probabilities are unequal between

green and coastal sites: X? =12.053, df = 4, p=0.012

How frequently do you come past this spot? Green (%) Coastal (%)
Daily 30.25 40.96
Weekly 27.85 29.94
Monthly 13.02 13.92
Less than monthly 6.51 9.51
Yearly 22.54 5.88
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Table S3.10: Participant answers in short questionnaire: visit motivation delivered at green (n = 169)
and coastal sites (n = 137) in Georgetown, Guyana. Participants were asked: ‘What is the main reason
you are here today?’. Answers coded by two authors (JCF and KNI), then grouped into 27 codes, nine

themes of codes, and five overall domains (presented here). Chi-squared goodness of fit tests find

population probabilities are equal between green and coastal sites: X% =6.625, df = 4, p =0.157

Domain Green (%) Coastal (%)
Physical 77.37 56.80
Space qualities 13.14 9.47
Cognitive 4.38 4.73
Social 10.95 2.96
Unstructured time 17.52 7.10
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4.1 Abstract

Urban land cover expansion and human population growth are accelerating
worldwide. This is resulting in the loss and degradation of green and blue spaces (e.g.
parks, waterways, lakes) in cities, which provide resources to sustain biodiversity and
improve human wellbeing. The specific characteristics of these spaces (e.g. sounds,
species, safety) that enhance or detract from wellbeing are underexplored, yet this
knowledge is needed to inform urban planning, management and policies that will
ultimately benefit both people and biodiversity. Research of this kind is rarely
conducted in the global South, where rapid urbanisation threatens biodiversity-rich
ecosystems of worldwide significance. Here, we examine how perceptions of green,
waterway, and dense urban spaces relate to wellbeing in Georgetown, Guyana.
Specifically, we use mediation models to test how perceptions of sound, bird species
richness, naturalness, and safety concerns contribute to sites being perceived as
restorative which, subsequently, influences wellbeing. We assess the accuracy of these
site perceptions with objective measures of sound (using a bioacoustic sound index),
bird species richness, and percent coverage of vegetation, water, and impervious
surfaces. Results showed that if sites were perceived as species rich, containing natural
sounds like birdsong, natural rather than artificial, and safe, they were perceived as
more restorative, resulting in improved wellbeing. In general, people’s perceptions
were consistent with objective measures. Green, compared with waterway and dense
urban sites, contained more biophonic sounds, higher species richness, greater
vegetation and water coverage. Although waterways were biodiverse, they were
dominated by anthrophonic sounds, so were perceived as artificial and non-restorative.
We shed light on how city planners might augment specific characteristics to improve
the wellbeing of urban dwellers, with implications for biodiversity conservation. Our
findings provide a scientific evidence base for urban design and management plans
that could deliver multiple co-benefits, particularly in biodiversity-rich cities in

neotropical regions.

Keywords: Birdsong; conservation; global South; Guyana; species richness; urban.
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4.2 Introduction

Globally accelerating rates of urbanisation pose challenges for human health and
wellbeing (Giles-Corti et al., 2016), with exposure to noise, environmental pollution
and crime contributing to physical illnesses and psychological disorders for city
dwellers (Abbot, 2012; Peen et al., 2010). Within the urban landscape of the global
North, fragments of green space (e.g. parks, meadows, gardens) have been shown to
benefit self-reported general health (Wheeler et al., 2015), reduce the risk of
cardiovascular and respiratory disease (Lee et al., 2014; Liddicoat et al., 2018), and
improve psychological wellbeing (White et al., 2017). More recently, the wellbeing
benefits of blue spaces (e.g. inland waterways, lakes, rivers) have been related to
improvements in anxiety, stress and emotional wellbeing (Maund et al., 2019), better
self-reported general and mental health (Pasanen et al., 2019), improved subjective
wellbeing and lower risk of depression (Garrett et al., 2019). Through carefully
targeted interventions, such as incorporating new and/or enhancing existing green and
blue spaces in cities, relatively small health and wellbeing gains at an individual level

could scale-up to substantial benefits across entire populations.

Research into the characteristics of urban green and blue spaces that enhance or detract
from human wellbeing is providing important detail to inform land-use planning and
management decisions. For example, seeing trees relates to higher momentary mental
wellbeing (Bakolis et al., 2018), and feeling safe in blue space relates to greater
subjective wellbeing (Garrett et al., 2019). Similarly, unmanaged vegetation is
perceived as more ‘natural’, and this perceived degree of naturalness is associated with
increased perceived restorativeness (the potential for an environment to restore
attentional fatigue or stress, Hartig et al., 1997) (Hoyle et al., 2019). However,
evidence for the role that biodiversity plays in underpinning human wellbeing in urban
green spaces is equivocal (Carrus et al., 2015; Cox et al., 2017; Dallimer et al., 2012;
Fuller et al., 2007; Wolf et al., 2017). Species richness or abundance of taxa, such as
birds and butterflies, have been found to improve wellbeing, although trends are
inconsistent and complicated by the use of different metrics of wellbeing and
biodiversity. The variation in results may also be explained by a mismatch in the levels
of biodiversity people perceive to be present, compared with what objectively exists
(Dallimer et al., 2012). These differences could be informed by personal preferences
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that influence whether the experience is positive or negative (Bell et al., 2019; Clayton
et al., 2017; Pett et al., 2016). As such, characteristics that positively influence
people’s wellbeing may not be the same as those that conservationists seek to support.
Pett et al., (2016) argue that it is crucial researchers consider this paradox if we are to
effectively align public health and conservation objectives and outcomes within urban

green (and blue) spaces.

People’s perceptions of green and blue spaces characteristics can be informed by a
variety of sensory cues (Franco et al., 2017). Evidence shows, for instance, that more
colourful planting regimes in green spaces provide greater aesthetic enjoyment (Hoyle
et al., 2018). The role of sound is increasingly been examined by researchers. For
example, birdsong increases perceived restorativeness (Ratcliffe et al., 2018), while
other natural sounds (e.g. breeze in the trees) are found to be more pleasant than
anthropogenic sounds (e.g. mechanical, people) (Irvine et al., 2009), relating to more
positive emotions and higher mental wellbeing (Bakolis et al., 2018; Moscoso et al.,
2018). This might subsequently lead to features such as trees and birds being
proactively managed for in public spaces. Nonetheless, understanding how people’s
perceptions of sound relate to objective measurements is needed to inform the actual
design of urban green and blue spaces that maximise benefits to human health and
wellbeing. To date, objective sound measures used within nature-health research have
focussed on sound pressure, to inform policies aimed at reducing noise pollution and
preserving ‘urban quietness’ (Evensen et al., 2016; Irvine et al., 2009; Payne and
Bruce, 2019). Payne and Bruce (2019) highlight the need for additional metrics to help
explore soundscape attributes that affect human wellbeing. Ecologists have developed
a suite of bioacoustic indices for biodiversity monitoring, where recordings capture
noise from specific features like animals, machinery or rain (Bradfer-Lawrence et al.,
2019). Thus far, few studies have sought to relate bioacoustic indices to human
perceptions, but Carruthers-Jones et al., (2019) found strong correlative associations
between acoustic indices and people’s perceptions of wildness across an urban-wild

gradient.

To aid our understanding of how objective and perceived green and blue space
characteristics influence health and wellbeing, there have been calls for studies to be

structured around testing the pathways within existing conceptual frameworks (Hartig
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etal., 2014; Markevych et al., 2017). Additionally, to enable comparisons to be drawn
between studies, there are calls for consistency in the choice of measures used to assess
these pathways as well as outcome variables. For example, perceived restorativeness
acts as a ‘mediator’ (a variable, ‘M’ that intervenes in the relationship between ‘X’
and ‘Y’; Hayes, 2009) when explaining how perceived bird diversity and perceived
naturalness influence positive and negative wellbeing (‘affect”) and happiness after an
outdoor walk (Marselle et al., 2016). In the same way, outcome measures, including
positive/negative affect (Hartig et al., 1997; Marselle et al., 2016) and ‘state’ anxiety
(Lee et al., 2014; Wang et al., 2016; Wolf et al., 2017), have been identified as
important short-term outcomes resulting from interactions with nature, although state

anxiety has yet to be tested with perceived restorativeness as a mediator.

The majority of nature-wellbeing studies originate from the global North (Hossain et
al., 2020). However, findings from this body of work may not be directly transferable
to the global South, where the green and blue characteristics that are important for
human wellbeing may vary as a result of differing climates, cultures, and socio-
economic challenges (Rigolon et al., 2018; Saw et al., 2015). Global South cities are
also subject to faster rates of urban land cover expansion (Angel et al., 2011) and
population growth (United Nations, 2018), which concomitantly put pressure on
existing urban green and blue spaces, and the incorporation of new ones into
development plans (Richards et al., 2017). In South America, the rate of urbanisation
into biodiversity-rich areas is predicted to be faster than elsewhere in the world
(Gulneralp and Seto, 2013). Here, we investigate how perceptions of urban green and
blue spaces’ characteristics are related to human wellbeing in Guyana, northern South
America. Georgetown, Guyana’s capital city, was historically referred to as the
‘Garden City of the Caribbean’ (Edwards et al., 2005) and contains a wealth of urban
green and blue spaces that host a rich diversity of birds, given its proximity to the
Guiana Shield Amazonian forest (Hayes et al., 2019).

Here, we investigate how people’s perceptions of certain green and blue space
characteristics within Georgetown relate to their momentary wellbeing (positive and
negative affect, and anxiety), compared with dense urban spaces in the city centre that
are predominately built infrastructure. Specifically, we explore how perceptions of

sound, perceptions of bird species richness, perceived naturalness and concerns for
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personal safety all contribute to the perceived restorativeness of the green/blue spaces,
and whether perceived restorativeness as a mediator of people’s wellbeing. Finally,
we assess people’s perceptions of sound, bird species richness, and perceived
naturalness in relation to objective measures. Taken together, these findings are
valuable to decision-makers tasked with designing, restoring, maintaining and

enhancing urban green and blue spaces in global South cities like Georgetown.

4.3 Methods

4.3.1 Study Area

Georgetown, capital of Guyana (Figure 4.1a), contains many green and blue spaces,
including a large botanical garden, several public parks, and abundant vegetation
alongside the roads and inland waterways. The neotropical city covers approximately
30 km? and contains 15 % (~192,000 people) of Guyana’s population, characterised
by a high diversity of ethnicities and socioeconomic backgrounds (Bureau of Statistics
2012).

We undertook point-count surveys for birds, made sound recordings, and conducted
questionnaires across Georgetown. First, survey sites were randomly selected with a
minimum distance of 250 m between them to ensure independence (Silva et al., 2015).
We examined sites across three landcover types: public parks (National Park and
Botanical Gardens) (green, n = 19); artificial freshwater waterways (waterways, n =
19); and built-up residential or commercial areas that predominately comprise
buildings and roads (dense urban, n = 19) (Figure S4.1). Landcover types were defined
and ground-truthed by the ground coverage (%) of nine environmental variables
within a 50 m radius of the central point of the site, matching the search area of the
point count bird surveys and the area participants were asked to consider around them
during the questionnaire (see Section 4.3.3 for details).
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Figure 4.1: Map of the study area in Georgetown Guyana. (a) Location of Georgetown in Guyana,
South America, (b) percent cover of environmental variables (vegetation = light green, water = dark
blue, impervious surfaces = yellow), within each of three landcover types (green, blue, dense urban),
(c) map of the landcovers and sites (n = 19 green sites, n = 19 waterway sites, n = 19 dense urban sites)
used for bird point counts (circles), and for both bird point counts and questionnaires (squares) (green,
n = 5 green sites, n = 5 waterway sites, n = 5 dense urban sites)

4.3.2 Objective measures

We grouped percent coverage of the nine environmental variables into three objective
measures of landcover: vegetation (tree, shrub, grass); water (ponds, canals, drains);
and impervious surfaces (buildings, roads, pavements) (Figure 4.1b). We conducted
point count surveys for birds at each of the 57 sites (Figure 4.1c) as part of an
associated study on bird diversity across Georgetown (Hayes et al., 2019). Point
counts were carried out on clear days between 05:30 and 08:30, using a fixed radius
of 50 m, and recording all birds seen or heard in 15 minutes (Huff et al., 2000) to
species level. All birds were considered part of the survey if flying within 25 m of the
highest structure, whereas birds above this threshold were deemed to be flyovers.

Finally, we quantified the soundscape by taking sound recordings as the questionnaires
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were delivered (n = 5 per landcover type). We took sound recordings using a digital
recorder (Zoom H4N Pro), with microphones set on maximum sensitivity (+100, at a
sensitivity rating of —45 dB/1 Pa at 1 kHz) to capture the wide range of sounds that

exist in an urban soundscape, and a microphone wind shield to remove distortion.

4.3.3 Questionnaire design

We delivered questionnaires at 15 of the 57 sites (n = 5 per landcover type), where a
sufficient number of people passed by, so people’s momentary wellbeing, as well as
objective and perceived measures, could be compared. We first asked about people’s
visit patterns, including: visit frequency ‘How frequently do you come to this spot?’
(daily, weekly, monthly, less than monthly, yearly); visit company ‘Who are you with
today?’ (kids, friends, partner, parents, alone, other); and visit motivations with an
open question ‘What is the main reason you are here today?’. We asked these

questions at the beginning to reduce response bias (Robson and McCartan, 2016).

To measure perceived restorativeness, we asked participants to rate the extent to which
16 statements reflected their experience ‘in this spot where we are standing’
(Perceived Restorativeness Scale, Hartig et al., 1997). Participants responded on a
five-point scale (1 = not at all, 2 = a little, 3 = moderately, 4 = quite a bit, 5 =
extremely), modified from the original seven-point one to be consistent with the other
scales used in the questionnaire and reduce potential participant confusion (Table
S4.1). We created a single perceived restorativeness index by reversing negative
statements then summing all 16 (index ranging from 10 to 80), resulting in good
internal consistency (Cronbach’s o = 0.85) (Cronbach, 1951).

To measure momentary wellbeing, we then asked participants to ‘rate how you feel at
the present moment in this spot’ for each of 10 positive (positive affect) and 10
negative (negative affect) emotions (Positive And Negative Affect Schedule, PANAS)
(Watson et al., 1988), using the same five-point scale as for perceived restorativeness.
Scores for each set of 10 emotions are summed to create a continuous measure
(ranging from 10 to 50) of positive and negative affect (Table S4.2). To assess anxiety,
we used the State-Trait-Anxiety-Inventory (STAI), which has the same stem question
as PANAS (Marteau and Bekker 1992) (Table S4.2). Once again, we used a five-point

rather than the original four-point response scale. Negatively-worded items were
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reverse-scored, then all scores were summed and multiplied by 3.33 to generate a
range of 20 to 100. All scales were internally consistent: positive affect (Cronbach’s

a =.0.85), negative affect (Cronbach’s a = 0.68), and anxiety (Cronbach’s a = 0.7).

Enjoyment of nearby sounds was quantified on a continuous scale (1 = strongly
disagree, 5 = strongly agree) in response to the statement ‘I like the sounds | hear in
this spot we are standing’. We then asked participants ‘What three sounds can you
hear in this spot?. Perceived biodiversity was measured by asking ‘how many different
types of birds would you say could normally be found in this spot?’, with a seven-point
scale offering options (< 5, 5 to 15, 16 to 25, 26 to 35, 36 to 50, 51 to 75, 75+) that
related directly to the bird point count data. The scale was based on the quartiles of
average site-level diversity, with the lower tail offering an option for fewer species
than could actually be found, and the upper half of the scale lengthened to incorporate
the highest measure found at the most species-rich site. We assessed perceived
naturalness with the question ‘how natural would you say this area was?’ on a
continuous scale (1 = very natural, 5 = very artificial). Participants also rated the
extent to which ‘I feel unsafe in this place’, using the same five-point scale used for

perceived restorativeness.

To account for covariation amongst sociodemographic groups, we recorded gender,
age, ethnicity, religion, and education using questions from Guyana’s most recent
census (Bureau of Statistics, 2012), and a household income question generated
through conversation with experts. A measure of ‘residential history” was created by
asking participants where, if anywhere, they had lived prior to Georgetown, given
evidence that it could influence perceptions (Colléony et al., 2017; Moscoso et al.,
2018). We did this through two dichotomous questions: ‘Do you live in Georgetown?’
and ‘Have you ever lived outside of Georgetown?’. Two categories were drawn out:
(1) urban (entire life spent in Georgetown), (2) rural (some time spent living in the

interior of Guyana, or time spent living outside the country).

We piloted the questionnaire with 20 members of the public from varying
sociodemographic backgrounds. Within PANAS, the emotion ‘jittery’ was
subsequently replaced with ‘uneasy’. Show cards displaying response options for
participants to pick from were used to reduce the number of skipped questions and act

as a literacy aid (OECD, 2013). We conducted the questionnaires face-to-face with
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every third passer-by aged over 18 years old during the daytime (07:30 to 18:30) and
across all days of the week. Ethics approval was granted from the University of Kent’s
Faculty of Social Sciences Research Ethics Advisory Group for Human Participants
(Ref. No. 0511617).

4.3.4. Data analyses

Qualitative answers to visit motivations were iteratively analysed by two authors (JCF,
KNI), clustered into codes (n = 24), themes (n = 9), and domains (n = 5), using an
adapted typology from Irvine et al., (2013). Clustering was based on language used by
participants (e.g. ‘take some breeze’ and ‘fresh air’ were both coded as ‘fresh air’).
Visit motivation was analysed at the domain level (physical, space qualities,

unstructured time, social, cognitive) due to sample size limitations.

The reported sounds were coded (JCF, KNI) as ‘mechanical’, ‘people’, ‘natural’ and
‘bird-related’ (Irvine et al., 2009; Schafer et al., 1977). For example, ‘mechanical’
sounds included ‘traffic’, ‘horns’, and ‘machinery’, ‘people’ sounds included ‘gym’,
‘footsteps’, and ‘chattering’, ‘natural’ sounds were coded as ‘wind’, ‘water’, and
‘trees’, and ‘bird-related’ included ‘birds’, ‘peaceful birds’, and ‘birds chirping’.
Coding was done independently but resulted in high inter-rater reliability (kappa =
0.91). Only the first mention sound for each participant was used in subsequent

analysis, as these were deemed the most salient to people’s perceptions.

Analyses were performed using R version 3.5.0 (R Core Development Team 2020).
There was no evidence of spatial autocorrelation between sites (see supplementary
text). To generate an objective measure of sound, we calculated the Normalised
Difference Soundscape Index (NDSI), which is the ratio of biological (biophony) to
anthropological sound (anthrophony) (‘soundecology’ package, (Villanueva-Rivera
and Pijanowski, 2018). We used NDSI because previous research has suggested that
natural sounds, particularly birdsong, are related positively to psychological wellbeing
(Irvine et al., 2009; Ratcliffe et al., 2018). The spectral profile of each sound recording
was split into two ranges of frequency bands: biophonic (2 to 8 kHz) or anthrophonic
(0.2 to 2 kHz) (Ji et al., 2007), with NDSI calculated as a ratio from -1 to +1,

respectively.
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From the questionnaire, we first conducted G-tests to ascertain whether our sample
represented Georgetown’s population. To compare perceived and objective
measurements, and to compare them between landcover types, we used Kruskal Wallis
rank sum tests for numerical variables (with Dunn’s test for post-hoc comparisons)

and chi-squared tests for categorical variables.

Prior to building models to investigate the mediating role of perceived restorativeness
between site perceptions and wellbeing, we ran a series of exploratory analyses. We
tested for associations between covariates using chi-squared goodness-of-fit tests for
categorical data, subsequently removing income, education, and religion, leaving age
and ethnicity. We also removed visit motivation, as the majority of answers fell into
the ‘physical activity’ domain (92% green, 79% waterway, 78% dense urban), and
visit company, as the most participants were visiting ‘alone’ (43% green, 87%
waterway, 86% dense urban). We tested for an association between participant safety
concerns and perceived naturalness to gauge whether to use an interaction term
following Weimann et al., (2017), but found no significant result. Visit frequency was
collapsed into ‘daily’, ‘weekly’, and monthly or less’ (monthly, less than monthly,
yearly) to improve power. We used Variance Inflation Factors to check for
multicollinearity (Zuur and leno, 2016), and all scores were below 1.7, indicating no

issues.

We used linear mixed-effect models (‘lme4’ package, Bates et al., 2015) to examine
the relationships between perceptions (perceived sound enjoyment, perceived bird
species richness, perceived naturalness, safety concerns) and momentary wellbeing
(positive affect, negative affect, anxiety), while adjusting for sociodemographics and
visit patterns (age, residential history, ethnicity, gender, visit frequency) within single
mediation models (Figure 4.2a). Site was treated as a random effect to control for
independence, and landcover type (green, waterways or dense urban) was included as
a fixed effect. We ran separate models for each wellbeing measure, including all
perceived measures to account for their combined effects on perceived restorativeness,
the mediator. To compare landcover type, we also built linear mixed-effect models
using site as a random effect, following the same structure used for the full dataset. To
improve power, we trichotomised perceived bird species richness into ‘low’ (< 5),

‘medium’ (5 to 25), and ‘high’ (> 26), and safety concerns into ‘low’ (not at all),
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‘medium’ (a little, moderately), and ‘high’ (quite a bit, extremely). As perceived bird
species richness and safety concerns were multi-categorical, we used indicator coding
to specify ‘low’ as the reference category for both. The pathways between these
predictors and the wellbeing outcome variables are therefore estimated by multiplying
the a pathways between each category with b to estimate the indirect effects

separately, relative to the reference category (Figure 4.2b) (Hayes and Preacher 2014).

(a)
X M Y
Perceived
restorativeness
a b
Perceived | _______ ¢ _’ _____ > Momentary
measures wellbeing
(b)
X M Y
Perceived
restorativeness
al b
a2 y
Medium |- ____f_ v .
o —--:::::> omen‘ary
N V2 wellbeing
High ---"

Figure 4.2: Single mediation models to investigate how perceptions relate to wellbeing via perceived
restorativeness. (a) Single mediation model with perceived restorativeness mediating the relationship
between X, people’s perceptions and Y, their momentary wellbeing (positive affect, negative affect,
anxiety). This model simultaneously calculates regressions between X on M (the mediator) (path a,
solid arrow), X on Y while holding M constant (direct effect, ¢, dashed arrow), and between M and Y
(b, solid arrow). The indirect effect (a*b) measures how X affects Y as a result of the effect of X on M
which, in turn, also affects Y. (b) Amendment to the single mediation model when X is a
multicategorical variable with > 2 categories (e.g. perceived bird species richness at low, medium or
high level). As there is no single a pathway that represents the effect of X on M, or on Y, indicator
coding of X is used to reflect quantifications of the effect size of each category relative to a reference
category (in this case, ‘low’). We therefore interpret the indirect effect ab to represent the difference in

one sequentially higher step relative to the reference
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All models were checked for model fit adequacy statistics (Burnham et al., 2011;
Harrison et al., 2018), including overdispersion and homoscedasticity (Feld et al.,
2016; Zuur and Ieno, 2016). Using the ‘mediation’ package (Tingley et al., 2014), we
ran 5000 simulations for each model (Hayes, 2009), using the bias-corrected and
accelerated bootstrapping method for estimating mediation effects to correct for non-
normality and address power limitations (Preacher and Hayes, 2008). We report the
indirect effects to infer results (Hayes, 2009), recommended where some predictors
are multi-categorical (Hayes and Preacher, 2014), drawing statistical significance

where confidence intervals do not include zero.

4.4 Results

4.4.1 Summary statistics

The composition of sites differed significantly between each landcover (Table 4.1;
Table S4.3). The highest bird species richness was found in green sites, compared to
waterways and dense urban sites. The sounds recorded in green sites were, on average,
biophonic (NSDI > 0), while sounds at waterways and dense urban sites were
anthrophonic (NSDI < 0).

Table 4.1: Objective measures for environmental variables, bird species richness and NDSI (n = 19
sites per site type), wellbeing measures and perceived characteristics (green sites = 148 participants,
waterway sites = 134 participants, dense urban sites = 121 participants). Median and range provided
unless noted. Symbols indicate significant differences between green and waterways (*), waterways
and dense urban (7), and green and dense urban (§) landcover types using Dunn’s test. Symbol ()
indicates significant differences between all site types using chi-squared test for categorical variables
(details in Table S4.3)

Variable Green Waterway Dense urban

Objective measures

Vegetation (%) 70 (60-85)"¢ 40 (30 - 60)™ 5(0 - 10)'®
Water (%) 25 (5-30) "8 30 (20 - 40) "t 0(0-10)"
Impervious surfaces (%) 10 (0 - 10)"8 20 (10 - 45)"t 90 (80 - 100)'¢
Bird species richness 14 (11 - 21)"¢ 7(5-18)" 7(3-10)
NDSI 0.08 (-0.52 - 0.84)  -0.30 (-0.75- 0.47)"  -0.30 (-0.93 - 0.39)¢
Outcome: Wellbeing

Positive affect 41 (18 - 50)8 38 (10 - 50) 35 (13 - 50)8
Negative affect 10 (10 - 40)8 10.5 (10 - 42)f 12 (10 - 43)™$

94



Anxiety 26.67 (20 - 70)* 33.3 (20 - 86.67)' 36.67 (20 - 90)¢

Mediator

Perceived restorativeness 64 (24 - 80)" 48.5 (18 - 80)"S 46 (23 - 70)8
Predictors: Perceived measures

Perceived sound enjoyment 5(1-5) 3(1-5)" 3(1-5)'

Perceived bird richness*

Low n =21 (12.5%) n = 44 (31.2%) n = 58 (42.3%)

Medium n =125 (74.4%) n =79 (56.0%) n =70 (51.1%)

High n =22 (13.1%) n = 18 (12.8%) n =9 (6.6%)
Perceived naturalness 1(1-5)¢ 2(1-5)" 3(1-5)

Safety concerns

Low n =104 (57.4%) n =77 (53.9%) n =76 (55.5%)
Medium n =48 (28.0%) n =41 (29.1%) n =37 (27.0%)
High n =17 (14.6%) n =24 (17.0%) n =25 (17.5%)
Sounds heard*
bird-related n =97 (57%) n =29 (6%) n=7(5%)
Natural n =12 (7%) n=23(2%) n=23(2%)
People n =22 (13%) n=3(2%) n =11 (8%)
Mechanical n =37 (22.0%) n =126 (89%) n =116 (85%)

A total of 449 participants completed the questionnaire (70% response rate, green =
148, waterways = 134, dense urban = 121), 55% of whom were male (n = 247) and
72% under the age of 45 years old (n = 322). The sample was representative of
Georgetown’s population (Table S4.4). Participants were generally alone (70%, n =
313), and mostly visited sites daily (49%, n = 219) rather than weekly (22%, n = 100)
or ‘monthly or less’ (29%, n = 130) (Table S4.5). The majority of participants were
either passing through or on route to/from work (76%, n = 284) (Table S4.6), within
the ‘Physical’ (84%, n = 376) motivation domain.

Momentary wellbeing varied between landcover types (Table 4.1; Table S4.3).
Positive affect at green sites was significantly greater than at dense urban sites.
Negative affect at green and waterways did not differ, but both were significantly
lower than at dense urban sites. Anxiety levels were significantly lower at green sites,

than both waterways and dense urban sites. Participants perceived green sites to be
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more restorative than both waterways and dense urban sites, with there being no
difference between the latter two.

Participants reported liking the sounds they could hear significantly more in green
sites compared with waterways and dense urban sites (Table 4.1; Table S4.3).
Perceptions of bird species richness differed between sites, with more high answers
for green and waterways than dense urban sites. Green sites were perceived to be
significantly more natural than waterways which, in turn, were perceived as more
natural than dense urban sites. Participants felt ‘low’ levels of safety concern in all
landcover types equally, responding with ‘low’ most often. Participants mentioned
hearing more bird-related sounds in green than waterways or dense urban sites, and

more mechanical sounds in the latter two landcover types.

4.4.2 Mediation

Single mediation models indicated that, for all sites combined, participants who
enjoyed the sounds they could hear reported higher levels of positive affect, as a result
of the positive relationship between enjoying the sounds and increased restorativeness
(Figure 4.3a; Figure 4.4a; Table S4.7). There was a significant direct effect of disliking
sounds on negative affect, independent of perceived restorativeness (Figure 4.3b).
Participants who disliked sounds were more anxious, but only when they perceived
the site as not restorative (Figure 4.3c). Within green sites, there was a direct effect of
sound enjoyment on positive affect (Figure 4.4a; Table S4.8). Perceiving waterways
as restorative resulted in higher levels of positive affect when participants enjoyed
sounds (Figure 4.4a; Table S4.9).
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Figure 4.3: Diagrammatic representation of single mediation models. Perceptions (perceived sound
enjoyment, perceived bird species richness, perceived naturalness, safety concerns) influencing
momentary wellbeing (a) positive affect, (b) negative affect, (c) anxiety, adjusted for covariates (age,
residential history, ethnicity, gender, visit frequency, landcover type) at all sites combined across
landcover types. Plots display direct effect (¢’), and the mediating effect of perceived restorativeness
(indirect effect = ab), with significant paths in bold. Reference category for both perceived bird richness

and safety concerns is ‘low’
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Figure 4.4: Direct and indirect of single mediation models at each site type for each perception. Single
mediation models showing direct effect (circles) and indirect effect via perceived restorativeness
(squares) of (a) perceived sound enjoyment (b) perceived bird species richness (‘medium’), (c)
perceived bird species richness (‘high”), (d) perceived naturalness, (c) safety concerns (‘medium’), and
(f) safety concerns (‘high”), influencing momentary wellbeing (positive affect, negative affect, anxiety).
Models (all sites combined = black, green sites = green, waterway sites = blue, dense urban = grey) are
adjusted for covariates (age, residential history, ethnicity, gender, visit frequency). The reference
category for both perceived bird richness and safety concerns is ‘low’. Perceived naturalness measured
on a continuous scale (1 = very natural, 5 = very artificial). Plotted unstandardised regression
coefficients () and their bias-corrected and accelerated bootstrap confidence intervals are from 5000
simulations. Statistically significant variables (filled symbols,) do not cross zero (grey dotted line), with

those above zero positively related, and those below zero negatively related, to wellbeing

Overall, participants who perceived species richness at ‘medium’ and ‘high’ relative
to ‘low’ levels, reported higher positive affect as a result of the positive influence of
species richness on perceived restorativeness which, in turn, increased positive affect
(Figure 4.3a; Figure 4.4b; Figure 4.4c). There was no relationship between perceived
species richness and negative affect but, for anxiety, individuals who perceived
‘medium’ or ‘high’ species richness reported less anxiety than people who perceived
‘low’ species richness, inversely mediated by perceived restorativeness (Figure 4.3c).
At green sites, ‘medium’ and ‘high’ perceived species richness positively influenced
positive affect, and negatively influenced negative affect and anxiety due to mediation
by perceived restorativeness (Figure 4.4b; Figure 4.4c; Table S4.8). At waterway sites,
perceiving ‘medium’ species richness was directly associated more positive affect,
while perceiving ‘high’ species richness resulted more positive affect mediated by
perceived restorativeness (Figure 4.4b; Figure 4.4c; Table S4.9). Conversely, at dense
urban sites, perceiving ‘high’ species richness was directly related to more negative

affect (Figure 4.4c; Table S4.10).

Participants who perceived sites as artificial, as opposed to natural, reported lower
levels of positive affect and more anxiety, as the sites were also less restorative (Figure
4.4d). When the different landcover types were examined individually, perceived
naturalness showed no significant relationships with any wellbeing measure other than
at green sites (Figure 4.4d; Table S4.8), where sites perceived as more artificial
negatively influenced positive affect via the mediator, although this finding could be

spurious as the confidence interval almost crosses zero.
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If participants had safety concerns (i.e. ‘medium’ or ‘high’ levels), they reported lower
positive affect, than those who felt safer (i.e. ‘low’ levels), as feeling more unsafe was
inversely related to perceived restorativeness (Figure 4.4e; Figure 4.4f). There was a
direct effect between participants with safety concerns (‘medium’ or ‘high’) reporting
significantly more negative affect and more anxiety than those individuals who felt
safer. Anxiety was also mediated by perceived restorativeness (partial mediation,
where the outcome variable is influenced by the independent variable both directly
and indirectly via the mediator). Negative affect and anxiety were both positively and
directly influenced by safety concerns (‘high’) for all landcover types (Table S4.8;
S4.9; S4.10).

4.4.3 Perceived and objective measures

Perceptions of sound enjoyment were related to NDSI. Participants mentioned they
enjoyed the sounds at sites where more biophonic sounds were recorded (X2 = 35.249,
df =4, p <0.001), most often in green sites (Figure 4.5a). When we asked what sounds
participants were hearing, biophonic sounds were generally mentioned first and tended
to be ‘bird-related’ (X? = 83.78, df = 3, p < 0.001), particularly at green sites (Figure
4.5b). Perceptions of bird species richness were significantly associated with objective
measurements of species richness (X? = 16.801, df = 2, p < 0.001) (Figure 4.5c).
Participants also perceived sites to be more natural, as opposed to artificial, when they
contained more vegetation (trees, shrubs, grass) (X% = 60.354, df = 4, p < 0.001), more
water (ponds, canals, drains) (X2 = 109.45, df = 4, p < 0.001), and less impervious
surfaces (buildings, roads, pavements) (X? = 113.26, df = 4, p < 0.001) (Figure 4.5d).
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Figure 4.5: Perceived characteristics against objective measures. Relationships between (a) perceived
sound enjoyment and NDSI, (b) sounds heard and NDSI, (c) perceived bird species richness and
measured species richness, where coloured circles (green sites = green, waterway sites = blue, dense

urban sites = grey) represent participants at each site (green sites = 148 participants, waterway sites =
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134 participants, dense urban sites = 121 participants), median and range are indicated by black points
and vertical lines, respectively, while the dashed line shows the trend, (d) the percent coverage of
environmental variables for each point on the five-point scale of perceived naturalness, where
vegetation = teal, water = dark blue, impervious surfaces = yellow. Perceived naturalness measured on
a continuous scale (1 = very natural, 5 = very artificial). Central vertical line in (a) and (b) show divide

between biophonic (> 0) and anthrophonic (< 0) sounds

4.5 Discussion

Decision-making authorities that manage human-dominated landscapes have to
deliver, and trade-off between, multiple biodiversity, individual and societal benefits.
Urban green and blue spaces can simultaneously support biodiversity and enhance
human wellbeing, but understanding exactly how people perceive and respond to
specific characteristics of these spaces is key to maximising their effectiveness for
both humans and conservation. Here, we show that the restorativeness of green and
blue spaces is considered greater if an individual perceives a site as safe, species-rich,
natural (as opposed to artificial) and a place where they can enjoy biophonic sounds
that are principally bird-related. This increased perceived restorativeness then results
in improved wellbeing (increased positive affect, and decreased negative affect and
anxiety). To date, a paucity of such research has been conducted in the tropics.
Comparing perceptions with objective measures gave insight into how people respond
to local environmental characteristics. Participants accurately estimated bird species
richness around them, perceived sites that contained greater proportions of vegetation
and water as more natural, and enjoyed and recognised sounds that were objectively
measured as biophonic. In Georgetown, these features could be enhanced across the
city to support biodiversity and the subsequent benefits this brings to human

wellbeing.

For the first time, we tested how people’s perceptions of sound matched with a
bioacoustic index (NDSI) traditionally used in ecological monitoring research and
connect it to human wellbeing. By classifying sound recordings taken while
participants were completing the questionnaire, we demonstrate the importance of
biophonic sounds, perceived as bird-related, in contributing positively to perceived
restorativeness and, subsequently, improving wellbeing for people in species-rich

green spaces. This aligns with findings from the UK that show birdsong influences
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perceived restorativeness and stress recovery (Ratcliffe et al., 2013), that people report
higher momentary wellbeing when they can hear birdsong (Bakolis et al., 2018), and
that a diverse birdsong provides greater benefits than single species singing (Hedblom
et al., 2014). Higher NDSI values in the biophonic range have been associated with
higher species richness (Bradfer-Lawrence et al., 2020), and characterise sites that
contain more biodiversity, including in South America (Machado et al., 2017). While
the use of NDSI to monitor biodiversity in urban environments has been contested
(Fairbrass et al., 2017), we discovered that it accurately reflected the types of sounds
participants reported hearing and enjoying. Using bioacoustic indices as a tool to
explore the role ecological sounds play in supporting human wellbeing in cities

therefore shows promise.

Higher perceived bird species richness positively enhanced the perceived
restorativeness of sites, resulting in improved wellbeing. This is consistent with
research from the global North (Marselle et al.,, 2016), thus advancing our
understanding of how this relationship might persist cross-culturally. Future work
needs to uncover what factors shape perceptions of species richness. For instance,
Dallimer et al., (2012) show that individuals with better identification skills are more
likely to accurately perceive species richness. In Georgetown, there was a positive
trend between perceived and objective species richness across all three landcover
types. This could be driven by the individuals visiting green and waterway sites having
better identification skills, amongst other pro-environmental attitudes and behaviours
(Alcock et al., 2020). However, it could also be that anywhere people perceive as
biodiverse could aid wellbeing, regardless of whether the site is biodiverse or not. This
has implications for decision-makers raising people’s awareness of urban biodiversity
through environmental education campaigns, with the ultimate goal to influence their

wellbeing positively.

The mechanistic role of perceived restorativeness influencing how perceptions relate
to wellbeing was shown through the use of mediation models, building on work from
the global North (Hartig et al., 1997; Marselle et al., 2016, 2015; Wang et al., 2016).
Perceived restorativeness was highest in green sites; it did not differ between
waterway and dense urban sites, despite significant differences in the composition of

vegetation, water, and impervious surfaces. Georgetown’s waterways are often
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heavily vegetated, supporting high species richness of birds relative to dense urban
sites (Hayes et al., 2019). While participants did perceive the waterway sites as more
natural than dense urban sites, likely due to these ecological features, participants
reported an abundance of mechanical sounds, objectively classed as anthrophonic.
This abundance of anthrophony is likely explained by the location of many waterways
alongside roads. As such, despite the presence of ecological features which might
enhance perceived restorativeness, the presence of anthrophonic sounds that are
typically loud and overwhelming of biophonic sounds (Pijanowski et al., 2011), may
have led to waterway sites being perceived as less restorative. Similarly, at dense urban
sites, participants only reported more positive affect if they found the sounds enjoyable
which led to higher perceived restorativeness. Certainly, instances of inconsistent
mediation (where the coefficient switched from negative to positive once perceived
restorativeness was considered a mediator) have helped elucidate the mechanism
through which perceived restorativeness can influence how people perceive and,
consequently, react to their surroundings in terms of wellbeing. From an urban
planning perspective, if pathways were installed and/or improved alongside
waterways for pedestrians and cyclists, vehicle-use and anthrophonic sounds may be
reduced, thereby improving the restorative quality of waterways and the wellbeing of

Georgetown’s public.

Participants with safety concerns reported lower positive affect, higher negative affect
and anxiety, either directly or mediated by perceived restorativeness, across all
landcover types combined and separately. The relatively high effect size implies that
feeling unsafe has a comparatively stronger influence on wellbeing than other site
characteristics. Participants who feel unsafe will be alert to the threat of danger and,
as such, will not recover from mental fatigue or feel reduced levels of stress, and will
not perceive the sites as restorative (Kaplan, 1995). It was beyond the scope of our
study to ask participants why they felt unsafe. However, green space visitors in the
global North have reported that criminal activity, poor visibility, and pest species
contribute to safety concerns (Sonti et al.,, 2020). Similarly, in blue spaces,
characteristics including cleanliness, lighting, and surveillance can increase people’s

sense of safety (Pitt, 2019).
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Overall, sites perceived as more natural were perceived as more restorative, which
related to increased positive affect, whereas sites perceived as more artificial were
thought less restorative, which related to increased anxiety. Sites containing more
vegetation and water were perceived as more natural. When green sites were examined
alone, sites perceived as more artificial resulted in less positive affect via the mediator,
despite all sites being typically dominated by vegetation. Specific green sites may have
been perceived as more artificial when vegetation was more manicured or ‘tidy’. This
conflicts with evidence from the global North that wilder vegetation can evoke fear
(Bixler and Floyd, 1997; Jansson et al., 2013; Jorgensen et al., 2007), and manipulating
the arrangement of vegetation can influence the perception of safety (Jorgensen et al.,
2002; Tabrizian et al., 2018). We did not ask participants to specify what
characteristics contributed to the feeling of a site being ‘natural’ or ‘artificial’, which

would require additional qualitative work in the future.

4.6 Conclusion

Within cities, urban green and blue spaces provide a wealth of human health and
wellbeing benefits, as well as resources for biodiversity. Specifically, we show how
certain perceived green and blue space characteristics (birdsong, bird species richness,
perceived naturalness, and safety concerns) contribute positively to the perceived
restorativeness of a site through multi-sensory pathways. By comparing these
perceptions with objective measurements (species richness of birds, biophonic and
anthrophonic sounds, and vegetation and water coverage), we shed light on how city
planners might augment these specific characteristics to improve the wellbeing of
urban dwellers. Given the high levels of biodiversity that can be found throughout
Georgetown, such efforts could have positive implications for conservation.
Interdisciplinary studies such as this are important as they highlight where careful
urban design and management could deliver multiple co-benefits in the face of
increasing urbanisation and biodiversity loss across the global South, particularly in

biodiversity-rich neotropical regions.
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4.8 Supplementary information

(b)

Figure S4.1: Photographs taken from Georgetown, Guyana. Examples of the landcover types (a) green,

(b) waterway, (c) dense urban. Photos (a) and (c) were taken by Meshach Pierre

107



Table S4.1: Perceived Restorativeness Scale used in the questionnaire (Hartig et al., 1997)

Perceived Restorativeness Scale

Please rate the extent to which each statement reflects your experience in this spot

where we are standing:

Response options: Not at all, a little, moderately, quite a bit, extremely

Statements
1. 1 would like to spend more time looking at the surroundings
2. | have a sense that | belong here
3. There is a great deal of distraction
4. This setting has fascinating qualities
5. Being here suits my personality
6. Spending time here gives me a good break from my day-to-day routine
7. There is too much going on
8. I could find ways to enjoy myself in a place like this
9. Itisan escape experience
10. It is chaotic here
11. I would like to get to know this place better
12. I have a sense of oneness with this setting
13. My attention is drawn to many interesting things
14. | can do things I like here
15. It is a confusing place
16. There is much to explore and discover here
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Table S4.2: Momentary wellbeing scales used in the questionnaire. (a) Positive and Negative Affect
Schedule (PANAS) (Watson et al., 1988), containing 10 positive and 10 negative words, and (b) State-
Trait Anxiety Inventory (STAI) six-item short-form (Marteau and Bekker, 1992), containing six anxiety

words

(a) Positive and Negative Affect Schedule (PANAS)

Please rate how you feel now, at the present moment, in this spot where you are

standing. Response options: Not at all, A little, Moderately, Quite a bit, Extremely

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Enthusiastic
Scared
Afraid
Interested
Upset
Determined
Excited
Distressed
Inspired
Alert

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Uneasy
Nervous
Ashamed
Active
Strong
Guilty
Proud
Attentive
Irritable
Hostile

(b) Spielberger State-Trait Anxiety Inventory (STAI) six-item short-form:

Please rate how you feel now, at the present moment, in this spot where you are

standing. Response options: Not at all, A little, Moderately, Quite a bit, Extremely

7.
8.
9.

10.
1.
12.

I feel calm
I feel tense
I feel upset
I am relaxed
I feel content

I am worried
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Table S4.3: Pairwise comparisons between objective measures, momentary wellbeing, and perceived

measures (green sites = 148 participants, waterway sites = 134 participants, dense urban sites = 121
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participants) using (a) Dunn’s tests, and (b) chi-squared tests for categorical variables
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Table S4.4: Sample sociodemographics in comparison to Guyana’s most recent census (Bureau of
Statistics 2012). G-tests for goodness of fit comparing sample data (n; %) with census (where available)
(%C) showed that the sample was representative of the city’s population. Non-respondents (n = 196)
were 54% male, 46% female, aged 53% under 40, and 47% over 40

Characteristic n % %C Characteristic n % %C
Gender Education
Female 202 45 475  Primary/None 27 6 29
Male 247 55 525  Secondary 174 39 53
Other/Prefer Not To Say 0 0 0 Post-Secondary 28 6 6
Gtest: G=-4134.3, X?df=1,p=1 Technical/Advanced 58 13 NA
Age University 159 35 8
18-24 120 27 26.8  Other/Prefer Not To Say 3 <« 4
25-34 121 27 243 G test: G =-32225, X?df =4,p=1
35-44 81 18 189 Household income NA
45-54 51 11 135  Lessthan GY$40,000 39 9
55-64 47 10 6.9 GY$40,001 to $100,000 83 18
65+ 29 1 6.9 GY$100,001 to $160,000 54 12
Other / Prefer Not ToSay 0 0 2.6 GY$160,001 to $220,000 37 8
G test: G =-4100.9, X>df=5,p=1 GY$220,001 to $280,000 21 5
Ethnicity > GY$280,001 55 12
African 187 42 528  Other/Prefer Not To Say 160 36
Amerinidian 13 3 1.0
East Indian 97 22 19.6 Residential history NA
Mixed 128 29 238  Georgetown 115 26
Other / Prefer Not To Say 24 5 2.7 + Interior 221 49
G test: G =-4098.7, X?df=4,p=1 + Outside of Guyana 113 25
Religion/denomination Other / Prefer Not To Say 0 0
Anglican 23 51 9.1
Muslim 33 7.8 2.3 Job inside/outside (if employed) NA
Pentecostal 26 58 212 Inside 82 18
Roman Catholic 32 7.1 118 Outside 191 43
Hindu 34 76 120 Both 104 23
Other Christian 219 488 236 (Unemployed) 72 16
7th Day Adventist 20 45 43  Other/Prefer Not To Say 0 0
Non/no religion 42 94 72

Other / Prefer Not ToSay 20 45 43
G test: G=-3873.5, X>df=8,p=1
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Table S4.5: Participant responses to ‘How frequently do you come past this spot?” (visit frequency)
and ‘Who are you with today?' (visit company) in Georgetown, Guyana (n = 449 comments). Responses

to ‘Monthly’, ‘Less than monthly’, “Yearly’ and ‘Other’ were collapsed into single category ‘Monthly

or less’ for modelling

Visit frequency n % Visit company n %
Daily 219 49 Alone 303 68
Weekly 100 23 Family 34 8
Monthly 53 12 Friends 56 13
Less than monthly 30 7 Kids 12 3
Yearly 47 11 Partner 34 8
Other 0 O Other 0 0
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Table S4.6: Participant motivations for visiting the site (green sites = 148, waterway sites = 134, dense
urban sites = 121) where they were stopped by researchers and asked to complete the questionnaire in
Georgetown, Guyana. Participants provided one answer to the open-ended question 'What is the main
reason you are here today?"

Domain n Theme n Code n
Physical 376  Physical Pursuits — Walking through 284  Route home/work 155
Passing through 129
Physical Pursuits 80  Exercise 66
A walk 8
Sport 4
Walk animal 2
Physical Restoration 12 Relax 8
Chill Out 3
Eat 1
Unstructured time 25  Passing time 25  Visiting 18
Recreation 5
Unstructured time 2
Social 23 Socialising 23 Hangout 10
Family outing 6
Meet friends 7
Space qualities 17  Features 13 Zoo 8
Atmosphere 2
Nice place 2
Monument 1
Nature 4 Fresh air 2
View 2
Cognitive 8 Mental pursuits 7 Purposeful work 6
Photography 1
Attention Restoration 1 Take a break 1
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Supplementary text: Spatial autocorrelation

We conducted a Mantel test to check for spatial autocorrelation (whether sites situated
closer together in geographical space produced similar data than those that were
distanced further apart). We tested for autocorrelation at the sites where both
questionnaires and point counts were conducted (n = 5 per landcover type), finding
no similarities in species richness across sites (r = 0.085, p = 0.232). We also detected
no spatial autocorrelation in positive affect (r = -0.016, p = 0.915), negative affect (r
=-0.006, p = 0.650), and anxiety (r = -0.003, p = 0.587).
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Table S4.7: Separate single mediation models fitted for each wellbeing measure (positive affect,

negative affect, anxiety), with all perceptions (adjusted for each other) and the mediator (perceived

restorativeness) as predictors, at all sites combined across landcover types (n = 446). Models are

adjusted for sociodemographics, visit patterns (age, residential history, ethnicity, gender, visit

frequency) and landcover type. Regression coefficients and 95% Cls from 5000 bias-corrected and

accelerated bootstrap simulations are reported. Bold = significant pathways (Cls do not cross zero
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Table S4.8: Separate single mediation models fitted for each wellbeing measure (positive affect,

negative affect, anxiety), with all perceptions (adjusted for each other) and the mediator (perceived

restorativeness) as predictors, at green sites only (n = 148). Models are adjusted for sociodemographics,

and visit patterns (age, residential history, ethnicity, gender, visit frequency). Regression coefficients

and 95% Cls from 5000 bias-corrected and accelerated bootstrap simulations are reported. Bold

significant pathways (Cls do not cross zero)
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Table S4.9: Separate single mediation models fitted for each wellbeing measure (positive affect,

negative affect, anxiety), with all perceptions (adjusted for each other) and the mediator (perceived

restorativeness) as predictors, at waterway sites only (n = 134). Models are adjusted for

sociodemographics, and visit patterns (age, residential history, ethnicity, gender, visit frequency).

Regression coefficients and 95% Cls from 5000 bias-corrected and accelerated bootstrap simulations

are reported. Bold = significant pathways (Cls do not cross zero)
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Table S4.10: Separate single mediation models fitted for each wellbeing measure (positive affect,

negative affect, anxiety), with all perceptions (adjusted for each other) and the mediator (perceived

121). Models are adjusted for

sociodemographics, and visit patterns (age, residential history, ethnicity, gender, visit frequency).

restorativeness) as predictors, at dense urban sites only (n

Regression coefficients and 95% Cls from 5000 bias-corrected and accelerated bootstrap simulations

are reported. Bold = significant pathways (Cls do not cross zero)

799C 8Z¥0- ¥080 688FYT 6ECT 8208 (ybry) uisouod Aisyes
0S.'C 69¥0- ¢v80 TSZET  CI0T  ¥OT'.L (wnipaw) uisouod Alayes
66¥'0 SvZ0- ¥.00  ¥80C 2S¢ T0Z0- ssaueINnIeu PaAIddIad
169T  LLLT- 2€00- 2V9LT  ¥SC¥- 2689 (ubry) ssauyow paig pantddssd  Asixuy
1970 022T- 0020- EvrS  ZI8P-  VEEO (winipaw) sseuyoLI paIg PaAIRIS
6TC0  TZT'T- 26£0- 2990  2S8C- 660°7T- 1uswAolus punos panlsalad

- - - 9900  G9£'0-  0ST'0- (g yed) ssausAIleI01Sa PBAIBOIRd
GEY'0  0/8°0- 69T0- 8S60T 9/.%  €06°L (yb1y) uisouod Aisyes
vOP'0  998°0- 6.T0- ¥2L€  LI¥T-  SOCT (wnipaw) uisouod Alsyes
880°0  /ST'0O- 9T00- OVET  €650-  8LE0 SSSUIBIMEBU PoAIDISD o
v/S°0  926°0- T1I00  GEV6 8220 G987 (Ub1y) ssauyonl paiq pantsdled AEBaN
1860 GTZ0- ¢v00  6¥.C  T1S9T-  6IS0 (winipaw) ss8uyoLI paIg PaAIRdIS i
08€0 ¥8T°0- G800  TSTO- 099T- 9160- JuswAolus punos panlsalad

- - - ¥ZT'0 2900  TE0'0  (Qyred) SsausAIleI01Sa PBAIBOIRd
€eT’0- T00S- 96€2- ¥28S  T9TT-  ¢vZe (yb1y) uisouod Aisyes
TSY'0-  8€9v- Zhve-  6LE€  SL6T- 980 (wnipaw) uIsouod Alayes
GES'0  ¥66'0- 0TZ0- €890  0£9T-  LIVO- ssaufeinieu panRolad o
veG'€  Gl¥'e- G800  €28°€  GE€L-  LELT- (UB1y) ssauyonl paig pan1sdled AIISOd
GT¥'Z  00T'T- 2090  695C  9T.C- S200- (wnipaw) ssauyoLl piig paAIddIad i
6T8T  G¥S0  ¥ETT  T9T0  OELT- 88L0- juswAolus punos panlsalad

- - - 750 6T€0 0ty 0 (g yred) ssauaniea01sal PaAIsdIad
%G6 %G'C g %G6 %52 g

(qe yxed) 108448 108.41pU|

(,9 y1ed) 10849 100410

sa|geldeA

118



Chapter 5. Exploring the wellbeing benefits of urban
green and blue space in neotropical South America: A

participatory video approach

Jessica Claris Fisher!, Jayalaxshmi Mistry?, Meshach Andre Pierre®, Huichang
Yang?, Arianne Harris*, Nadia Hunte®, Damian Fernandes®, Jake Emmerson Bicknell*,

Zoe Georgina Davies?

! Durrell Institute of Conservation and Ecology (DICE), School of Anthropology and
Conservation, University of Kent, Canterbury CT2 7NR, UK

2 Department of Geography, Royal Holloway University of London, Egham, Surrey
TW20 0EX, UK

% lwokrama International Centre for Rainforest Conservation and Development, 77

High Street, Kingston, Georgetown, Guyana
4 University of Guyana, Turkeyen, Georgetown, Guyana
® Protected Areas Commission Guyana, Georgetown, Guyana

6 Conservation International Guyana, 98 Laluni St, Georgetown, Guyana

Manuscript published as:

Fisher JC, Bicknell JE, Irvine KN, Fernandes D, Mistry J, Davies ZG. 2021.
Using participatory video to share people’s experiences of neotropical urban
green and blue space with decision-makers. The Geographical Journal.
doi:10.1111/ge0j.12406.

119



5.1 Abstract

Urban green and blue spaces benefit human wellbeing, and also provide resources for
biodiversity, as shown by a wealth of evidence from the global North. Yet in the global
South, where rapid urbanisation is posing challenges for biodiversity conservation and
the mental wellbeing of urban human populations, there has been little research on
understanding the social and environmental benefits of urban green and blue spaces,
which could inform decision-makers seeking sustainable land-use planning
interventions. Here, we use participatory video (using film to co-produce research) to
explore the relationships people have with urban green and blue spaces in Georgetown,
Guyana, and communicate these findings to decision-makers. Short films created and
discussed by city residents highlighted how specific characteristics of green and blue
spaces contributed to restorative quality, alleviated stress, and place attachment,
similar to patterns ascertained in the global North. At the same time, locally specific
nuances, such as folklore associated with urban wildlife and the importance of
monuments framing Guyana’s complex history, was also revealed. A composite film
was screened to government ministries, park managers, and the Mayor and City
Council, who articulated intentions to change the way these spaces were managed (e.g.
maintaining specific features, encouraging visitation, raising awareness, and
increasing the planned distribution of new spaces). We demonstrate how participatory
video can allow participants to reflect on and change their interactions with the urban
environment, while facilitating a unique and engaging dialogue between multiple
stakeholders, with important implications for both public health and biodiversity

conservation.

Keywords: Biodiversity; Conservation; Green Spaces; Guyana; Human Wellbeing;
Participatory Video.

120



5.2 Introduction

By 2050, urban areas are predicted to be home to nearly 70% of the world’s population
(United Nations, 2018). The concomitant expansion of urban landcover is expected to
cause considerable detriment to biodiversity, particularly in the global South (Seto et
al., 2012), where the world’s most biodiverse regions are disproportionately located
(Barlow et al., 2018). The impact of urbanisation on biodiversity in global South cities
is exacerbated by particularly fast rates of population growth and land-use change, as
well as low levels of governance (Pauchard et al., 2006; Richards et al., 2017).
Urbanisation also has implications for the health and wellbeing of urban dwellers, who
experience a high prevalence of mental health disorders (Abbot, 2012).

Urban green spaces (e.g. parks), and blue spaces (e.g. coastline) provide resources for
biodiversity (Baldock et al., 2015; Ives et al., 2016), which then deliver critical
provisioning (e.g. medicinal), regulating (e.g. air purification), and cultural (e.g.
inspiration) ecosystem services to humanity (Schwarz et al., 2017). These spaces
provide opportunities for people to spend time outside which can result in improved
health and wellbeing, as documented by a wealth of empirical evidence, albeit
predominately from the global North (Gascon et al., 2017; van den Bosch and Ode
Sang, 2017). With this in mind, it is important to understand the multiple benefits that
could be offered by urban green and blue spaces in the global South, and communicate
these findings to decision-makers who require sustainable land-use planning
interventions that optimise trade-offs between diverse social and environmental needs
(Hartig and Kahn, 2016).

The ways in which urban green and blue spaces influence human wellbeing can be
highly heterogeneous amongst stakeholders. For example, green space users from
particular ethnic groups linked urban green spaces to specific respiratory conditions in
the UK (Cronin-de-chavez et al., 2019). The views of decision-makers can also differ
from that of users (Guenat et al., 2019; Ives et al., 2017b). For example in Ghana, users
valued green spaces for their beauty and income-generation potential, while decision-
makers valued them for recreation, education, and legacy (Guenat et al., 2019).
Capturing such a diversity of viewpoints is best achieved through the use of

participatory methodologies that incorporate a variety of stakeholders into the research
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process (Larson et al., 2016). This approach results in better informed decisions about
urban green and blue space management that could benefit a wider sector of society
(Larson et al., 2016). Moreover, participation can lead to altered visitation behaviour
and attitudes, for instance leading to wellbeing improvements (Kruize et al., 2019), or
a sense of agency that results in environmental stewardship actions (e.g. planting trees,

community gardens) (Campbell et al., 2016).

Participatory research methods that facilitate creativity can elicit a more in-depth
understanding of how people’s interactions with urban green and blue space relate to
their wellbeing (Bell et al., 2016; O’Brien and Varley, 2012). Visual methodologies,
like video or photography, can be advantageous in circumstances where individuals
find difficulty expressing themselves using typical written or spoken mediums. For
example, Kaley et al., (2019) used ethnographic video to explore the therapeutic
effects of ‘green care’ interventions for people with intellectual disabilities.
Furthermore, given that people’s experiences of urban green and blue space are highly
multisensory (Franco et al., 2017), visual (e.g. photos) (Chang et al., 2020), audio
(Hedblom et al., 2014), and virtual reality (Yu et al., 2018) have proved to be effective
tools to interrogate their impact on wellbeing. Indeed, in situ video-based
methodologies are best placed to capture rich and detailed data on sensory experiences,
particularly when paired with explanations of the subjectivities behind the footage
(Dinnie et al., 2013; O’Brien and Varley, 2012).

Participatory video is characterised by a group of people co-creating films about a
topic, drawing together collective perspectives according to what they feel is important
and how they want it to be represented (Mistry and Berardi, 2012). By engaging in an
audio-visually enriched research process, which strengthens and amplifies the
narrative, participants can be faced with new issues and ideas that may challenge or
enhance their own perceptions (High et al., 2012). For example, by taking part in a
participatory video process on soil conservation practice, Malawian farmers were
encouraged to adopt new methods after their perceptions were changed about the value
of composting methods and their own ability to apply the practice (Cai et al., 2019).
Similarly, Tremblay and Harris (2018) illustrated this in urban Ghana and South
Africa, where participants described how video enabled them to feel an embodied,

empathetic understanding of the issues surrounding (in)access to water and sanitation.
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Therefore, participatory video can facilitate social transformation both at the
participant-level, building capacity for people to voice their opinions, and at the
community-level, through the actions or behaviours that are subsequently more
inclusive and informed about their impacts on other people.

The sharing aspects of participatory video are beneficial for influencing policy and
practice. The methodology often concludes with the production of a composite film
that summarises the content collected, put together by participants, facilitators, or
project team members (High et al., 2012). This film can be shared with the wider
community, external agencies, or decision-makers, as an engaging research product
that directly incorporates the voices of participants (Thompson et al., 2017). Film
screenings with decision-makers can also prompt critical discussions that generate
new perspectives, which could impact future policy. For example, a participatory
video on climate change mitigation produced by a community in the Philippines was
screened to government officials, who subsequently aimed to help push through a
piece of supportive legislation (Haynes and Tanner, 2015). In the Turks and the Caicos
Islands, participatory video was used to communicate the voices of stakeholders in a
sea turtle fishery, which resulted in amendments to the fishery legislation (Christie et
al., 2014). This is particularly important where participants represent the wider
community as the intended beneficiaries of top-down decisions. Sharing the
perspectives of the public with decision-makers that manage tropical urban parks is
needed to communicate the multiple social and environmental benefits that might

otherwise be overlooked (Ibrahim et al., 2020).

Here, we used participatory video to explore how people relate to urban green and blue
space in Guyana, South America. Guyana is forecast to become South America’s
fastest growing economy due to recent discoveries of extractable oil (Panelli, 2019),
so the urban landscape is likely to transform markedly. Just under half Guyana’s
population live within 5 km of the coastline (Mycoo, 2017), with ~192,000 resident in
its capital city, Georgetown (Bureau of Statistics, 2012). Participants, representing a
range of socio-economic backgrounds, co-created participatory films which were then
shared with the decision-makers tasked with managing the city’s green and blue
spaces. We uncover the ways in which people derive wellbeing benefits and show how

participatory video influenced perspectives in both participants and decision-makers.

123



We ultimately highlight the implications of our findings for both public health and

biodiversity conservation in developing global South cities like Georgetown.
5.3 Participatory video approach

We focussed on three sites in Georgetown: two of the primary recreational green
spaces (National Park and Botanical Gardens), and one coastal space (the sea wall)
which runs along the North coast of the city (Figure 5.1). The green spaces are
managed by the Guyana government’s Protected Arecas Commission (PAC), which

collaborated with us throughout.
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Figure 5.1: Map of Georgetown, Guyana, (a) Guyana in northern South America, (b) Georgetown on

the north coast of Guyana, (c) study sites within Georgetown

5.3.1 Participants

The participatory video process, conducted between January 2018 and April 2019,
followed on from a broad questionnaire-based survey of people’s attitudes toward
Georgetown’s urban green and blue spaces in 2017. Survey participants were invited
to take part in this second phase of research and, of those that responded positively,

eleven were selected for the participatory video process. These individuals represented
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a range of socioeconomic backgrounds and varied in the frequency with which they
visited outdoor spaces. We sorted the eleven participants into smaller groups (due to
equipment constraints) according to age, because it is known to influence green space
use and perceptions (e.g. Astell-Burt et al., 2014; Laatikainen et al., 2016; Ode Sang
etal., 2016). The core groups consisted of two groups of under 35 year olds, with three
and four participants respectively, and one group of four participants all over 35 year
olds (Supporting Information, Table S5.1). Group membership was kept consistent
throughout the process to encourage participants to feel comfortable through their
shared experiences and build up a collective response over time. Participants were
incentivised by covering the cost of their travel and subsistence, and a complimentary

meal was provided during the weekly workshops with the researchers.

Six additional participants who expressed interest in the project took part in the film
screenings and discussions on an ad-hoc basis, depending on their availability
(Supporting Information, Section S5.1). While the core groups remained consistent
throughout, the flexibility and inclusivity of a wider group during discussions was
useful for collecting a broader range of opinions (with Georgetown’s general public

being the intended beneficiaries) and highlighting areas of consensus.

5.3.2 Project structure

We designed a seven-stage process (Figure 5.2), beginning with participants meeting
the research team on a Saturday in January 2018 (stage 1). Groups were assigned and
then given a full week to collect data in their own time before returning the following
Saturday (stage 2). This cycle was repeated across the three sites (stages 2-4), with the
Botanical Gardens re-visited (stage 5) to allow participants to capture any experiences
they felt were important but failed to realise in week 2 due to lack of knowledge, skills,
or ideas. Following analysis, a composite film was produced representing the
collective opinion across all three groups (stage 6), before being screened to decision-
makers (government ministries, Mayor and City Council, and park managers) in April
2019 (stage 7).

5.3.3 Filming, editing and screening

Each core group was lent a tablet (Samsung Galaxy Tab A), tablet stabiliser to improve

image quality, and access to a video editing application (PowerDirector for Android).
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The participants were asked to think about each of the three sites while considering
the question: ‘What affects your emotions in a positive or negative way in
Georgetown’s outdoor public spaces?’. Prompt questions included: ‘What makes this
place come alive?’, “What are the features that you notice and how do they make you
feel?’, “What makes this place important or meaningful and why, and what adds or
takes away from that?’, ‘What experiences might you want to capture?’ and ‘Are there
any stories you heard about this area?’. These were repeated throughout the

storyboarding, filming, editing, screening, and discussion processes.

Participants were asked to collect footage from the allocated site during the week as a
core group, when they had time or felt there was something important to capture. At
each workshop, the core groups edited their footage into a one-minute film, supported
by three experienced Guyanese facilitators (MAP, HY, AH) to ensure all group

members contributed equally, however dominant their personality.

Films from each site were screened and discussed with the wider group. Discussions
followed no strict format, but began with people offering their opinions about quality
of filming and were allowed to progress until they came to a natural close. Focussed
discussions were then held within each core group to understand the intended meaning
of the film content. This enabled a richer understanding, because it exposed opinions
not captured in the films themselves. Finally, evaluation forms were issued to collect
feedback on the process and capture attitudes toward the project (see Supplementary
Text Section 5.1).
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Figure 5.2: Diagram of the project stages, highlighting the key steps in the participatory video process
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5.3.4 Transcription and coding analysis

Our analysis set out to explore participants’ perspectives in-depth, capturing recurrent
themes and highlighting individual nuances. We first transcribed all the films, footage,
and recordings from the focus groups and wider discussions verbatim. All transcripts
were coded using NVivo (Version 11, QSR International Ply Ltd.), taking a deductive
grounded theory approach (Bradley et al., 2007), indicating whether the sentiment of
the content was positive, negative, or neutral. Similar codes were grouped into parent
codes and domains, which we then interpreted with reference to quotes from individual
participants. Five transcripts (from stages 2-4) were independently coded by three
authors (JCF, JM, MAP) to validate the approach taken to coding. As interpretations
of the dialogue were consistent, the remaining content was subsequently coded by one
author (JCF).

5.3.5 Screening to decision-makers

A six-minute composite film, representing the views of all seventeen participants
(eleven from the core groups and six additional wider group members) across the three
sites, was produced by two authors (JCF, MAP). The composite film used participant’s
footage with some content reproduced to improve the visual/sound quality. The film
framed the domains and narratives that emerged from the analysis, but was kept short
to maintain audience interest. The draft composite film was screened to all available
participants prior to producing the final edit to attain their agreement that it accurately

portrayed their opinions, as well as to gauge feedback on the film itself.

Ten individuals from seven decision-making authorities with jurisdiction across
Georgetown’s public outdoor spaces (see Supplementary Text Section 5.2) were
invited to the composite film screening. The screening was an integral part of a three-
hour deliberative workshop entitled ‘The benefits of Georgetown’s green and blue
infrastructure’. The workshop was co-led with a Guyanese facilitator (NH). We
introduced the project by stating our intention to communicate opinions from the
public, and to inspire decision-makers to take action to improve delivery of several of
Guyana’s national development policies and biodiversity commitments (Green
Sustainable Development Strategy (GSDS); United Nations Sustainable Development
Goals; Guyana National Pledge; Protected Areas Commission strategy). During the

screening of the composite film, we asked attendees to think about answers to six
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questions, designed to stimulate engagement with the film content (see Supplementary

Text Section 5.2), which subsequently formed the basis of a 45-minute discussion.

5.3.6 Ethical considerations

Participatory video raises a number of ethical dilemmas around data ownership,
gaining the consent of people filmed by the participants, confidentiality, and the power
dynamics between the researcher and the ‘researched’ (Asan and Montague, 2014;
Kindon, 2003; Milne, 2016; Mistry, et al., 2015). Primarily, we sought to counter these
issues by being transparent in our consent form (see Supplementary Text Section 5.3).
The participatory process received considerable review both internationally
(University of Kent in the UK) and in-country (PAC in Guyana). We endeavoured to
be both adaptive and reflective to participants and decision-makers throughout the
project. As the data were owned by participants, they were encouraged to keep copies
of the footage with consent from fellow group members, but not to share them

publicly.
5.4 Results

We identified 80 codes across the films, footage, and transcripts (Table 5.1). Five
domains emerged from this iterative deductive process (Features, Perceptions,
Context, Wellbeing benefits/dis-benefits, Methodological). The latter referred to the
learning experience associated with the participatory video process, management
recommendations, and ways participants felt the film should be used. The overall
sentiment of the content was 62% positive, 20% negative, and the remainder either

mixed or neutral.
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Table 5.1: Codes that emerged from films, footage, and transcript materials from five participatory

video workshops across three sites (two green spaces, the Botanical Gardens and National Park, and

one coastal blue space, the sea wall) in Georgetown, Guyana. Participants were asked ‘What affects

your emotions in a positive or negative way in Georgetown’s outdoor public spaces?’. Codes were

grouped into parent codes and five major domains. Similar codes were congregated, denoted by a slash

c/’

Code

Parent code Domain

blue space feature; breeze/wind; facilities;
grey space; historic monument;
lighting/light/dark; litter; outdoors;
pathway; sky; vendors; waves; weather;
200

Abiotic

Features

abundance of wildlife; birds; caiman; fish;
flowers; horses/ponies; manatees; nature;
snakes; species richness; stray dogs; trees;
vegetation; wildlife; wildlife movement

Biotic

atmosphere; beauty; cleanliness; colour;
fresh air; manicured nature;
safety/security; scenery; seclusion; smell;
sounds; views

Perceptions

children and family; drugs and
homelessness; gender issues; holiday
events; human-nature interactions;
memories; physical activity/exercise;
religious practice; romantic space; rumours
or stories; socialising; socioeconomic
importance; visit frequency; weekends

Social
Context

accessibility; back of the gardens;
flooding; spacious/open space

Spatial

alive/brought to life; attention restoration
or stress reduction theory; attraction; clear
your mind; cosiness;
excitement/mystery/adventure;
fascination/amazement; freedom/escape;
patriotism; peace/calm; relaxing/chill;
scared; serenity; shade; value

Wellbeing
benefits/
dis-benefits

cooperation and agreement; film critique;
learning experience; management
recommendations; raise awareness;
tourism

Methodological
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Certain urban green/coastal blue space characteristics affected people’s wellbeing. For
instance, participants filmed large trees, plants, and green grass, then remarked on the
presence of vegetation relating to positive emotions. Manicured vegetation was
frequently captured, including flowerbeds and the tree-lined promenade at the
entrance to the Botanical Gardens. One participant mentioned these in the context of

a social gathering:

‘The grass, the palm trees, the flowers, and so forth. It feel kind of cosy whenever
you're here. I don’t know, it’s away from home, it’s just different... all the green, it’s
really nice, and as I say it’s really cosy and you can be under the tree with your family

and some little thing with your family and you have the privacy there.’ (female, 18-
35).

Vivid descriptions of the sea wall were used to illustrate how it positively influenced
wellbeing, highlighting its length as a space for exercise, or the repeated motion of the
waves helping people ‘get away’ from busy lifestyles. Others captured the sense of
landscape change. For example, how low tides exposed the sand and mud, which made
one participant feel ‘dreary’, while high tides elicited feelings of being relaxed and
comfortable. For another, the aesthetic qualities of the water were associated with a

sense of mystery and fascination:

‘Mostly for me it’s the water, that’s the only thing I really go there to look at, the
water. And the ships, how they passing. Sometimes | used to go there, and | used to
think, I want to go to the ocean. [Laughing]... just to see what’s beyond there...” (male,
35+).

Other biotic and abiotic features on the sea wall contributed to feelings of stress-relief,
relaxation and amazement, such as the breeze and the abundance of sea birds (Figure
5.3a):

‘[ like the splash of the waves, the water, I like the breeze it’s just, you know if you're
travelling in a car you don’t get that much breeze to inhale and exhale, and feel

relieved of stresses and so, so | like that. I like seeing birds, flying.” (female, 18-35).
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Facilitator: What do you like about them?

‘I just, I think they were moving in flocks. Like together, so, I like that. It’s just an
amazing scene it also adds to the sea wall ocean-y atmospheric ting. It adds to that,
birds and breeze so, adds to. It’s like everything comes together to form this beautiful
scenery.’

Figure 5.3: Stills from participant’s footage: (a) whimbrels (Numenius phaeopus) at the sea wall, (b)

historic monument at the National Park, (c) litter at the sea wall, (d) interacting with West Indian

manatees (Trichechus manatus) in the Botanical Gardens

@) ©)

This same individual went onto articulate that the migratory behaviours exhibited by
these coastal seabirds, alongside the sensory experience they provided, positively
influenced her emotions: ‘There’s a lot of birds in here. But different timing, there’s
not a standard timing you would see them. Sometimes they here sometimes they fly to

other spots... the sounds they make, and um, the way they move and so on, it just brings
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this wildlife atmosphere around you that makes you want to just, sit and enjoy the fine

scenery.’

Despite very little vegetation at the sea wall, participants described it as ‘nature-
oriented’, a space to take refuge from city stresses. As such, the presence of wildlife,
sounds of waves, and sea breeze were attributed as natural features that contributed to

a sense of escape and relaxation:

‘It’s very nature-oriented. The breeze, the birds, the ocean. Scenery in general, it just
makes you feel relaxed, takes your mind away from the everyday activities.’ (female,
18-35).

Participants discussed the sensory experience of green space, offering an escape from
city life, and somewhere to take notice of the surroundings. The mechanical sounds of
bush cutters (strimmers) and traffic were described as detracting from this peaceful
experience. In contrast, the sound of birdsong was thought to be a stimulus for feelings

of calm and serenity:

‘... that’s the most beautiful thing about here and it’s so unique, you come and enjoy
the cool breeze and the plants, and the smell of the plants and the birds chirping...
Like this morning we went to the park again and we were sitting on those large tyres
and it was so beautiful. The silence and the birds chirping.’ (female, 35+).

Benches offer somewhere to relax, both in the green spaces and at the sea wall, helping

one individual escape his daily life:

‘...you just go and you sit in the chair and you just stare into the ocean you know like

you just lost in your own world.” (male, 35-44).

Similarly, features that encouraged visitors, including signage and structured
pathways, contributed to a social atmosphere and feelings of safety and relaxation.

This was important in quieter locations, such as at the back of the Botanical Gardens:

‘Ever since, before they opened the back there, | never actually went passed, down by

the bridge, but since they opened the back there you can drive there, so it’s peaceful
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and nice, and so, you kinda get to see it, so | feel like a lot more safer, or maybe
because it’s peaceful. I feel a lot safer, but, I feel a lot safer now that I've actually just,
passed it. And | see people picnicking or whatever, it feels nice, calming vibe.” (female,
18-35).

However, the overgrown back of the Botanical Gardens was associated with criminal
activity and insecurity, particularly at dusk. Participants drew comparisons with the
National Park, which is relatively more manicured, consistently referring to light and

dark in terms of safety:

‘I would feel more safer in the National Park than the Botanical Gardens because of
it having, to me, the entrances are more accessible, and for some reason I feel like it’s
more transparent, you can see through, other than the Botanical Gardens having a lot

of trees so, | feel more safe with it, and a lot of persons, they do.’ (female, 18-35).

The importance of a ‘social atmosphere’ in Georgetown’s green spaces was a recurring
narrative, facilitated by the presence of picnic tables and benabs (small wooden
shelters), available for hosting social events at no monetary cost. Similarly, the sea
wall, running parallel to an accessible main road, is a centre for social gatherings on
weekend evenings, serviced by vendors playing music and selling food and drinks.
Nearly all participants recalled positive memories from being there, particularly as

attendance is free:

‘...it’s easily accessible, I don’t have to pay a fee to go to the sea wall, it’s a quick
reservation you know, if you friends link up somewhere, everybody can meet at the sea
wall, we have the stands there selling stuff and you can sit there, eat, and have a good

conversation...’ (female, 18-35).

Many participants talked about historic monuments and biotic features contributing
synergistically to a sense of place (feelings of attachment, belonging, and identity) at

all three sites (see Figure 5.3 for film stills):

‘I think the fact that you can find both nature and history in one spot, it makes you
whole. Because for me nature is a part of us, because it brings about good feelings,
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such as feeling peaceful, happy, relaxed, stuff like that, and then the history brings in
patriotism, feeling proud, feeling proud of your country and all that it will have
accomplished back then until now. So both of them is kind of a wholesomeness in some
place...’ (female, 18-35).

Many felt that historic monuments were also important for helping younger
generations to learn about Guyanese history. As such, the locations around them were
seen as a social space that attracted the presence of families and, in turn, contributed

to a sense of safety (Figure 5.3b:

‘When my daughter was younger she would take her bicycle and ride around the
monument area there so to me it’s a nice safe area on the sea wall that the children
can socialise and then they have other children going to that same area so that can

you know, meet new friends and play and it’s away from the road.” (female, 35+)

Litter at the sea wall was viewed negatively, associated with bad smells and being
unsightly (Figure 5.3c. Poor lighting and a lack of security brought about bad
memories for some participants, reinforcing the persistent fear of being robbed. These
were not only barriers to using the sea wall, but directly prevented participants from

perceiving it as beautiful:

‘... because the sea wall is such a long stretch, you still would tend to have a few
robberies and such, because | was once robbed out there, and um, I think it was
because | was near the part where he was talking about, with the darkness, and stuff
like that. So I think they really need to um, just modernise it a bit in terms of lightening,
so you can see properly what’s going on. Also the garbage at certain parts it’s really,
really heavy. It’s a lot it’s dirty. And the smells, it can really take away from the beauty
of all that’s going on.” (female, 18-35).

A population of semi-wild West Indian manatees (Trichechus manatus) reside in the
ponds of both green spaces. Interactions with this species were constantly referred to
as an ‘exciting’ or ‘fascinating’ experience, associated with meaningful childhood

memories (Figure 5.3d). Multiple participants mentioned folklore, which says that the

135



manatees rescue people that fall into the ponds, with some describing how they pushed
friends into the water as an experiment to see if this would happen. Another participant

recounted the manatee rescuing her daughter:

‘She was about seven. So the edges of the pond it was slippery, so she slipped into the
pond, and then, well, we saw, and we were trying to help her but she said she came
out on her own. She came up to the edge like. She said that the manatee literally pushed

her up to the edge, and then we were able to just pull her.” (female, 35+).

While attitudes toward manatees were generally positive, one participant, responsible

for 30% of all negative content, remarked on his fear:

‘I was actually scared. | was actually very scared to imagine one of them touching

me... They're scary.” (male, 18-35).
The same individual also had a negative attitude toward snakes:

‘They [the green spaces] still be too dark, to some points, it’s not fully light it’s not all

around, it’s like the snakes they gonna eat somebody else.’
He continued using references to light and dark in his fears about the sea wall:
‘I’'m very afraid of the ocean life. I believe the aqua life is very dark and scary...’.

He suggested that many of his perceptions were based on stories originating from his
family. Surprisingly, this participant also chose to film at the sea wall in the evening,
with the intention of securing footage of barn owls, which to him symbolised wisdom

and strength.

The one-minute screening discussions enabled a unique shared learning experience,
where participants gained new knowledge from one another about spaces in
Georgetown. One participant commented that she was now aware of new features in
the National Park:

‘...I never knew that there was the map of Guyana, the pond there, | never knew that.
I never knew that the trench [canal] that was there, the manatees was actually in there.

I never knew caimans were there. | never even saw the bell.” (female, 18-35).
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Noticing these features, and undertaking independent research, transformed how
participants viewed the three sites. These effects were apparent where one individual
remarked on the historical importance of a flooding event at the sea wall, and how it
was managed during Guyana’s colonial history, creating a strong sense of place and

feelings of fascination:

‘I remember then they had the 2005 flood in Guyana, and all the waters were actually
over the wall and it was really panicking especially for persons living on the east
coast. So the government had to be working extremely hard with the kokers and
everything to get the waters out instead of in, and moving, so, when | remember the
flood I try to picture myself back in that era when they had the flood and then the
Dutch try to put the concretes and so on, so it has quite an amazing history as to how
it established, and | really liked it.” (female, 18-35).

Participants mentioned how the participatory video process resulted in a positive
change in attitude, accentuating their willingness to learn more about and conserve

Georgetown’s green and coastal blue spaces, as well as visit them more often:

‘[the project] was informative and educational but mostly it brought me closer with

nature and its beauty.” (male, 35+).

Decision-makers also revealed a newfound understanding and intent to respond to the
issues presented in the composite film. Suggested changes could, therefore, result in

an improvement the public experience:

‘...as Guyana to become a green state, improving these green spaces should be a
fundamental priority for government. And improvement not just in the awareness
aspect, but improvements to the supporting infrastructure as in lighting, and security.’

(Representative from the Ministry for Public Infrastructure).

Several decision-makers intended to raise awareness of the relationship between
nature and wellbeing in Georgetown with colleagues at their respective institutions, to
encourage changes from the authorities that manage Georgetown’s green and blue

Spaces:
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‘For my ministry, we probably recommend to them that at their workshops and
seminars, we probably dedicate a few minutes to sensitise persons on the benefits of
the park and the sea wall and green spaces.” (Representative from the Ministry for
Natural Resource Management).

In addition, some of the decision-makers stated their intention to integrate new green
and blue spaces into Georgetown to reduce inequalities associated with access and,

consequently, wellbeing:

‘Being a part of land policy and planning division we deal with plans that are
associated with land and we need to recognize the importance of when we open up
land we can set aside land, to be a green space, so that would encourage these types
of values or so, in the environment.” (Representative from Guyana Lands and

Surveys).

While there was some discussion about the need to alter the culture of Guyanese
citizens and ‘the way that we think’, several individuals suggested that there should
be educational campaigns to raise public awareness of the benefits of green and blue
space for wellbeing. This was mentioned in terms of aligning with the Government’s

wider sustainable development plans:

‘...this ties in very well with the Green State Development Strategy... ... in 2021 we're
going to have the ban of single use plastics, so | think, for me personally, | have this
idea of kind of having awareness sessions right on the sea walls, on weekends, when

citizens are out most...” (Representative of the Environmental Protection Agency).

5.5 Discussion

Using participatory video enabled participants to capture the visual, auditory, and
experiential qualities of their visits to green and blue spaces in Georgetown. Green
spaces were perceived as somewhere natural and calming to escape busy city life. This

aligns with findings in the global North, where green spaces are generally perceived
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as natural and contribute to feelings of attention restoration and positive emotion
(Hoyle et al., 2019; White et al., 2013). Likewise, the sea wall was described as
restorative, despite it being comprised of mostly concrete running parallel to a main
road, suggesting that oceanic views disproportionately influenced people’s
experiences. Findings from Germany contend that people’s thoughts and senses in
urban blue spaces are primarily driven by the linearity of the waterways, alongside the

motion and fluidity of the water itself (\VOlker and Kistemann, 2015).

Specific features contributed to the restorative quality of Georgetown’s green and
coastal blue spaces. Participants described how the sea wall evoked feelings of
fascination and escape, referencing tides, calm ‘glistening’ seas, and crashing waves.
This sense of landscape change, often attributed to experiences in natural
environments (Bell et al., 2016; Folmer et al., 2018), has been similarly described for
coastal blue spaces in the global North (Bell et al., 2015). In Georgetown, the sight
and sounds of birds were also related to feelings of fascination, relaxation, and escape.
In the UK, birdsong has been found to positively contribute to restorative quality
(Hedblom et al., 2017; Ratcliffe et al., 2013), and the quietness offered by urban green
spaces also means that birdsong can be heard over the mechanical backdrop (Irvine et
al., 2009). Moreover, coastal birds in the global North evoke fascination through
unexpected encounters or flocking behaviours (Bell et al., 2017; White et al., 2017).
With a high diversity of birds recorded in Georgetown (Hayes et al., 2019), our
findings therefore suggest that the ways in which urban green and blue spaces
positively affect human wellbeing are consistent across the global North and South,
specifically enhanced by features like water and birdlife which stimulate a rich and

multi-sensory experience.

Aside from consistent positive sentiment toward birds, a diversity of attitudes was
captured when it came to other wildlife taxa. It was apparent that folklore was
responsible for much of the negative attitudes expressed towards biodiversity,
specifically manatees, snakes, and fish. Negative misconceptions of wildlife can lead
to persecution, as seen with the Anaimalai gliding frog (Rhacophorus
pseudomalabaricus) in India (Kanagavel et al., 2017) and the aye-aye lemur
(Daubentonia madagascariensis) in Madagascar (Simons and Meyers, 2001), which

are considered Critically Endangered and Endangered by the IUCN respectively.
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Elsewhere in Guyana, local communities alongside an NGO successfully prevented
the continued population decline of Arapaima sp., a large freshwater fish surrounded
by regional taboo and folklore, by changing the social norms regarding overfishing
(Fernandes, 2006). As such, interventions to influence knowledge and attitudes could
result in more positive human-wildlife interactions that deliver co-benefits for both
human wellbeing and conservation. Indeed, participants with negative attitudes toward
wildlife reviewed their own perspectives after interacting with others during the
project. Through knowledge sharing, participatory video therefore provided an avenue
through which participants could critically reflect on their own cultural values of

wildlife.

Across sociodemographic groups, the features of the urban green and coastal blue
spaces were closely linked to social cohesion (mutual caring and connectedness which
in turn shapes community interactions; Weinstein et al., 2015) and place attachment.
For example, vendors, benabs, and tree canopies (and the coastal sea breeze) were
necessary in the tropical climate for people to stay longer and gather, therefore leading
to the creation of memories. The role of urban green space providing opportunities for
social cohesion has been widely documented (see Hartig et al., 2014 for a review),
including in India (Gopal and Nagendra, 2014) and Colombia (Ordéfiez-Barona and
Duinker, 2014), where gatherings are concentrated in green spaces as they offer an
escape from the urban heat. In Georgetown’s green and blue spaces, feelings of place
attachment were furthered by the prominence of several historic monuments reflecting
Guyanese political history. Coupled with biotic features, these monuments enabled
participants to further their knowledge of, and identify with, both Guyanese history
and the natural heritage. Consequently, older participants, particularly those with
children, felt that these experiences were important for future generations.
International agreements, such as the World Heritage Convention, advocate for the
integration of cultural features into recreational spaces for human wellbeing, including

in cities specifically (Trzyna et al., 2014).

Concern for personal safety was a dominant narrative, inhibiting positive wellbeing
experiences in Georgetown’s green and coastal blue spaces. Feeling unsafe in urban
green spaces is a recurrent theme in the global North and can prevent people using

sites altogether (Cronin-de-Chavez et al., 2019). In Georgetown, overgrown
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vegetation was described as potentially harbouring criminals or dangerous animals. In
particular, the densely vegetated back half of the Botanical Gardens was frequently
mentioned. Echoing findings from the UK (Pitt 2019), all our participants said that
safety concerns would be eased by enhancing the lighting, safety, and security
measures throughout the green and coastal blue spaces, and requested that decision-

makers sought to make these improvements.

By using the cameras to actively engage with Georgetown’s outdoor spaces in situ and
acquire new knowledge (e.g. visiting the historic monuments, interacting with
wildlife), participants appeared to experience positive wellbeing benefits where they
had not done so previously. This message was then conveyed to other participants
through the one-minute film screenings and discussions. Moreover, all participants
developed their perspectives on Georgetown’s green and blue spaces, regardless of
their original motivation to take part in the participatory video process. By developing
agency, the participants discussed their intentions to share new knowledge and
perspectives with family and friends outside the project, visit the green and blue spaces
more often, and strive to keep them maintained. Indeed, Truong and Clayton (2020)
argue that technology-mediated experiences of nature can be used to encourage
engagement, nature connectedness, and pro-environmental behaviours in others. As
the participatory video process progressed, the participants focussed increasingly on
what messages they wanted decision-makers to hear to inspire action that would

improve Georgetown’s outdoor spaces.

Participatory video is a dynamic and ‘messy’ research process (Blazek et al., 2015;
Mistry et al., 2014). For instance, involving Guyanese facilitators raises a number of
ethical dilemmas, as facilitators are challenged with co-producing research outcomes
that satisfy both their foreign academic collaborators and the participants (Mistry et
al., 2015). On one hand, their contribution ensured that the project’s delivery and
outcomes better reflected Guyanese as opposed to Western-imposed perspectives.
Indeed, the participants may have felt more comfortable communicating with
Guyanese facilitators than foreigners, as shown elsewhere in the Guianas (Tschirhart
et al., 2016). On the other hand, facilitators were recruited and trained by the foreign
team to deliver the project objectives. If the power had been devolved entirely to a

Guyanese research team, the emergent narratives may have differed completely
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(Mistry et al., 2015; Tschirhart et al., 2016). Likewise, because a foreign member of
the project team was always involved in the research, it is possible that participant
responses may have been biased by perceived social desirability. To minimise this
dynamic, the participants collected video material in their own time, thus creating
authentic data and knowledge for themselves, on their own terms. The facilitators, who
are interested in biodiversity and are users of Georgetown’s outdoor spaces
themselves, were ultimately interested in improvements to green and blue spaces both
for conservation and the public. This final point resonates with one of the broader aims
of participatory video, which is to give agency and encourage action on the issues that
affect those involved in the process, including participants, facilitators, and the wider
community (Milne, 2016). While the flexibility and freedom afforded by participatory
video directly impacted the research outcomes, it was inclusive to participants needs
and willingness to engage in a rich and often complex subject matter, and was well-
suited for confronting the traditional barrier between the researcher and the
‘researched’ (O’Brien and Varley, 2012; Wilson et al., 2018).

After screening the composite film, decision-makers expressed their intent to deliver
action though implementing changes to the upkeep and design of current and future
green and blue spaces to improve the wellbeing of Georgetown’s residents at large.
Propositions included improving security and removing litter, raising awareness
amongst the public (and amongst colleagues within the decision-maker’s institutions)
about the wellbeing benefits these spaces offer, and planning for new green spaces to
ensure equitable access across Georgetown. These suggestions were in line with the
messages relayed by participants, reiterating how knowledge sharing through creative
visual methodologies can lead to successful environmental management, as
documented elsewhere in the Guianas (Tschirhart et al., 2016), as well as in the UK
(Ranger et al., 2016). As green and blue space users themselves, many decision-
makers related anecdotally to the film content, sharing the notion of wellbeing with
the voices of participants. As such, the composite film acted as an effective vehicle for
both participants and decision-makers to engage with the issues surrounding human
wellbeing in urban green and blue spaces, learning through the exchange of ideas, both
horizontally (participant to another, decision-maker to another) and vertically (from

participant to decision-maker).
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Nevertheless, despite some decision-makers stating their intention to deliver upon the
film’s messages as their public duty, there was still ambiguity in exactly how actions
would be taken. Although the decision-makers who attended the composite film
screening were largely known to one another, there was little disagreement between
their opinions. It was however apparent that a foreign researcher co-leading the
workshop may have led to response bias as a consequence of social desirability.
Nonetheless, decision-makers agreed between themselves upon the need to raise
awareness, increase education, and encourage the public to interact in a deeper way
with the city’s outdoor spaces (e.g. through media advertisements, birding tours,
public ‘wellness’ programs). Holding additional screenings and discussions of the
one-minute films produced by the core groups, involving people from a broader range
of sociodemographic backgrounds, could have expanded the breadth of public opinion
represented in the project. Future work should focus on engaging individuals who have
difficulty accessing green and coastal blue spaces (e.g. people with limited mobility)
or are socially excluded groups (Kaley et al., 2019). More research is needed to form
a legitimate evidence-base to inform management and policy decisions. Ultimately,
decision-makers have to make trade-offs. However, in the face of growing pressures
on the psychological health of urban populations and the persistence of biodiversity,
changing attitudes in ways that can benefit both people and nature will be

advantageous to conservation and human wellbeing.
5.6 Conclusion

Using participatory video, we illustrate how specific characteristics of green and
coastal blue spaces benefit the wellbeing of residents, enhancing the multisensory
experience, improving accessibility, place attachment, and social cohesion. Our
findings were in concert with evidence from the global North, implying that positive
nature-wellbeing relationships are cross-cultural. However, locally relevant subtleties
were also apparent, such as beliefs about manatee behaviour, and Guyana’s complex
colonial history enhancing the importance of its historical monuments. We also found
that participatory video was an experiential learning process for participants through
its dynamic and iterative methodology, which lead to a more authentic and
communicable research product that was shared with decision-makers. Both

participants and decision-makers were encouraged both to think differently about the
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urban green and coastal blue space in the city and strive for improvements. Follow-up
work will elucidate whether these intentions are translated into informed and
sustainable urban planning initiatives that maximise human wellbeing. Guyana, set to
undergo a period of rapid economic growth (Panelli, 2019), has the opportunity to
develop policies to enhance and restore both new and urban green and blue spaces for
the wellbeing of its urban population. By amplifying the public’s voices, a
participatory video process like the one presented here could be integrated to help
design more effective policies that benefit a wider sector of society.
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5.8 Supplementary information

Table S5.1: Table of participant demographics. Sociodemographic of all participants (n = 17) who took

part in the participatory video project held in Georgetown, Guyana. Core group participants collected

the data each week (n = 11), whereas the addition wider group participants attended just the film

screenings and discussions (n = 6)

Participants Gender Age Ethnicity Religion Education
Core F (6) <35(7) African (4) Anglican (1) Primary (1)
M (5) >35(4) EastIndian (2) Muslim (1) Secondary (1)
Mixed 5)  No religion (2) (TZ‘3°h”ica'/ Advanced
Other (3) University (7)

Pentecostal (2)
Rastafarian (1)

Roman
Catholic (1)
Wider F (6) <35(5) African (2) No religion (4)  University (6)
M (0) >35(1) Mixed (1) Other (1)

Chinese (1) Pentecostal (1)
East Indian (2)
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Text Section 5.1: Evaluation survey given to all participants (n = 17) upon completing the participatory
video project held in Georgetown, Guyana. The questions were all open-ended and the participants
responded in writing

1) What did you enjoy about the project?
2) What do you not enjoy about this project / how could it be improved?

3) Do you feel you have a better understanding of the public spaces around

Georgetown?
4) Have your attitudes towards these spaces changed? If yes, how?

5) Do you feel like you have a better understanding of the issues faced by other

groups of people in these areas, such as gender and age?

6) Is there anything in the public spaces of Georgetown that you would like the

managers to think about?

7) Any other comments?
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Text Section 5.2: (a) List of decision-maker attendees to the screening of the composite film at the end
of the participatory video process held in Gerogetown, Guyana, and (b) the topic guide for post-
screening discussion

(a) Attendees

City Council Solid Waste Management (1)

Environmental Protection Agency of Guyana (2)

Government Ministry for Natural Resource Management (1)
Government Ministry for Public Infrastructure (1)

Government Protected Areas Commission (park management) (3)
Guyana Lands and Surveys (1)

Mayor and City Council, Mayor of Georgetown (1)

(b) Topic guide

What are the key messages from the video?

What did you feel watching it?

Do these stories challenge your own personal assumptions of these spaces?
How can residents be better engaged with these spaces?

What are the lessons for decision-makers here?

What is a valuable aim you can contribute?
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Text Section 5.3: Consent Form. Questions from the consent form for the participatory video project

held in Georgetown, Guyana

1) I confirm | have read the participant information sheet for this study, and have

had time to ask questions and receive answers.

2) | understand that taking part in this study is voluntary and that | am free to

withdraw at any time without giving any reason.

3) | agree to being videoed, photographed, and recorded on audio.
4) | give permission for anonymised quotes to be used in publications.
5) | give permission for my picture, video and audio to be shared and modified

for research purposes (e.g. at a conference presentation or on a research website), but

not for commercial purposes.

6) | agree to ask permission from anyone | feature in my film, inform them that it
Is for research purposes, and ensure they are aware that the film may be shown to a

wide variety of audiences, including being posted online.
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Chapter 6. Discussion

This interdisciplinary thesis presents novel empirical evidence from the tropical global
South regarding how urban green and blue spaces contribute to human psychological
wellbeing. This was achieved by combining quantitative, qualitative, and participatory
methods from the social sciences, along with techniques from ecology. More
specifically, the focus is on biodiversity, exploring the extent to which both public
health and conservation challenges can be aligned. Understanding when, why, and
how people experience urban green and blue spaces will facilitate effective decision-
making, helping to recognise potential trade-offs and identify win-win scenarios
relevant to the design and management of cities. Building such an evidence-base is
important if urban areas, such as Georgetown in Guyana, are to develop and deliver

sustainable urban planning initiatives successfully.
6.1 Contributions to the research field

To my knowledge, this thesis represents the only empirical examination of urban green
and blue spaces and human wellbeing in neotropical South America. Throughout the
chapters, | uncover both contradictory and complementary findings to those in the
global North, likely driven by the immense complexities of the topic, the types of
wellbeing measured, the theoretical pathways being tested, the species examined, and
the cultural and socioeconomic factors that are tied into how people respond to their
environment (Dolan et al., 2016; Markevych et al., 2017; Aerts et al., 2018; Bell et al.,
2019). In this section, | highlight some of the contributions the thesis makes to this

relatively new and expanding research field.

I quantitatively examine whether biodiversity in urban green and blue spaces enhances
or detracts from human wellbeing in Chapters 3 and 4, focussing on experiential
wellbeing in the moment (‘affect’). To do this, I collaborated with another
postgraduate student to conduct a bird survey across Georgetown (Hayes et al., 2019).
We chose birds because they are a taxa that the public are known to notice visually
and audibly (Ratcliffe et al., 2013; Cox et al., 2017b), inexpensive to monitor (Gardner
et al., 2008), provide many ecosystem functions (Whelan et al., 2015), and can act as

indicators of biodiversity in heterogeneous landscapes like cities (e.g. Eglington et al.,
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2012; Herrando et al., 2017; MacGregor-Fors and Escobar-lbafiez, 2017). We
recorded over 10% (98) of Guyana’s known bird species within the city (Hayes et al.,
2019). Indeed, Georgetown is widely recognised as a good birding location,
particularly within the Botanical Gardens, with in-country birding tour operators
taking tourists there throughout the year. Many studies from the global North have
shown that bird species richness, abundance, and sounds are positively associated with
human wellbeing (e.g. Bakolis et al., 2018; Cox et al., 2017; Dallimer et al., 2012;
Fuller et al., 2007; Hedblom et al., 2017; Luck et al., 2011; Ratcliffe et al., 2013;
Wheeler et al., 2015; Wolf et al., 2017). While no associations between objective
measures of bird diversity and wellbeing were found in Chapter 3, | found positive
relationships between perceptions of bird diversity and improved wellbeing in
Chapters 4 and 5, noting that the sight and sounds of birds (e.g. coastal birdlife, owls,

songbirds) were related to feelings of escape, fascination, and relaxation.

No negative associations were uncovered between people and bird diversity in this
thesis, in line with those studies from the global North. It is therefore plausible to
suggest that increased perceived bird diversity makes a universally positive
contribution to human wellbeing across multiple cultural contexts. However, negative
attitudes of course do exist towards some species, for example, those with calls
perceived as harsh or noisy (e.g. blue jay, Cyanocitta cristata; house sparrow, Passer
domesticus; European starling, Sturnus vulgaris) (Belaire et al., 2015), species
perceived as a health hazard (e.g. Canada geese Branta canadensis) (Conover and
Chasko 1985), or species perceived to exhibit destructive and aggressive behaviours
(e.g. urban gulls, Larus sp.) (Rock 2005). These specific phenotypical or behavioural
traits are therefore determinants of how people respond to biodiversity. Elsewhere in
South America, bird species with a high-profile at a national-scale include those with
large body size, associations with folklore, or distributions that overlap with human
populations (Arango et al., 2007; de Azevedo et al., 2012; Correia et al., 2016). In
Georgetown, the same traits could explain the positive responses to species of owls in
the green and coastal blue spaces. Intriguingly, in a study of human perceptions of
birds in urban parks in Santiago, Chile, Celis-Diez et al., (2017) showed that people
misidentified some native birds as they were phenotypically similar to those found in
Europe, rather than South America. The authors posit that a taxonomic bias of species

represented in the media (i.e. television, books, films), alongside decreased visitation
150



to urban parks due to urbanisation (‘extinction of experience’, Miller 2005) was
responsible. Identifying which phenotypical or behavioural traits of urban birds are

related to people’s knowledge and attitudes merits further investigation.

Throughout the literature there is a study bias towards birds. Aside from birds, other
taxa in Georgetown’s green and blue spaces may elicit different wellbeing responses.
For instance, many types of herpetofauna (e.g. snakes, frogs, spectacled Caiman
Caiman crocodilus) were negatively perceived, actively avoided, and connected with
folklore, as documented elsewhere in Guyana (Mulder et al., 2016). In Georgetown,
visits to urban green and blue spaces (or certain areas within them) may be inhibited
by these perceptions, and, could mismatch with what actually exists. As such, a
herpetological survey of Georgetown would be beneficial, given that a high diversity
and abundance of amphibians and reptiles have been recorded in Guyana in the few
surveys that have been conducted (Cole et al., 2013). Indeed, the existing literature on
biodiversity-wellbeing rarely explores taxa beyond plants, birds, and pollinators
(Lovell et al., 2014; Aerts et al., 2018). Understanding how people perceive
biodiversity in their surroundings can better explain how green and blue spaces
contribute to human wellbeing, although the relationship is certainly intricately
complex and geographically specific. This thesis presents the only examination of the
subject in the tropical global South to date. Nonetheless, while | enabled cross-cultural
comparisons to be drawn by studying birds, | acknowledge that by not including a
broader range of taxa, some of which are more frequently encountered in tropical

countries than in the global North, there are questions that remain unanswered.

In the thesis, | demonstrate empirically the importance of perceived restorativeness as
a mediating variable between the biodiversity people perceive in their surroundings
and the wellbeing they experience (Chapter 4). If 1 had not measured perceived
restorativeness in the study and tested it as a mediator, 1 may have failed to capture
the subtle interactions between specific perceived characteristics and human wellbeing
in each of the three landcover types typical across Georgetown (green, canal, dense
urban). Even dense urban spaces (e.g. commercial streets in the city centre) can be
beneficial to human wellbeing when they were perceived as restorative. Indeed, it is
known that anywhere perceived as scenic can lead to wellbeing gains (Seresinhe et al.,

2019), and that what people perceive in their surroundings often does not align with
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what objectively exists (Dallimer et al., 2012; Shwartz et al., 2014; Belaire et al., 2015;
Pett et al., 2016). To this effect, the Biophilia Hypothesis is replaced by the Topophilia
Hypothesis, which posits that people are emotionally affiliated with natural
environments as well as non-human nature, and are able to form attachment to places
via the mechanisms of biological selection and cultural learning (Beery et al., 2015).
Overall, these findings correspond to calls for researchers to consider the mechanisms
underlying nature-wellbeing relationships (Hartig et al., 2014; Markevych et al., 2017)
and, in line with evidence from the global North (Korpela et al., 2014; Carrus et al.,
2015; Marselle et al., 2016), show that urban green and blue space (but also dense

urban space) can have restorative value.

People’s experiences in urban green and blue spaces are highly multisensory (Franco
et al., 2017). In Chapter 4, bioacoustic indices developed for ecological monitoring
(Bradfer-Lawrence et al., 2019) were used to assess ratios of anthrophonic to
biophonic sounds (NDSI), and how they relate to the types of sounds people reported
hearing and enjoying. Yet, additional indices also exist, measuring acoustic richness,
evenness, Shannon entropy, and complexity (Eldridge et al., 2018; Bradfer-Lawrence
et al., 2019). These indices are still in their infancy, and are yet to be finessed for use
in urban settings (where the soundscape is highly multifarious) (Fairbrass et al., 2017),
with additional bioacoustic indices emerging in their wake (Fairbrass et al., 2019). As
such, substantial opportunities are arising to examine how different aspects of the
perceived soundscape impact on human wellbeing. In addition to soundscapes,
measuring the perceived olfactory, visual, and sensual (i.e. temperature) components
of the environment, and how they align with objective measurements, remains a
research gap (Erfanian et al., 2019). Indeed participants in Chapter 5, described their

experiences using all three of these additional senses.

It remains difficult to capture the complex ways that people relate to urban green and
blue spaces using quantitative methods alone. Participatory methodologies are being
increasingly employed for nature-wellbeing research (e.g. lves et al., 2017; Jones et
al., 2020; Tew et al., 2019), and are particularly useful when triangulated with
quantitative approaches. For example, by giving members of the public the autonomy
and agency to create their own research data, | consolidated and enriched my findings

that the multisensory experience of green and blue spaces enhanced human wellbeing
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(e.g. sights and sounds of water and birds) (Chapters 3 and 4), discovering how place
attachment (e.g. memories, history), personal insecurity (e.g. fear of crime), and
cultural beliefs (e.g. folklore) were important too (Chapter 5). This is particular
pertinent given the abundance of ‘big-data’ approaches to understanding nature-health
relationships using national-scale surveys, where locally-specific and context-
dependent distinctions can otherwise be overlooked (O’Brien and Varley 2012; Bell

et al., 2014; Jones et al., 2020).
6.2 Implications for policy and practice

My research has implications for biodiversity conservation and human wellbeing
policy and practice, through both the design and management of cities, as well as
public engagement and outreach. While the research is focussed on Guyana, these
recommendations can be applied to biodiversity-rich cities elsewhere, particularly in
the global South.

This thesis identifies specific features of Georgetown’s green spaces could be
augmented, restored, and conserved to benefit both people and biodiversity. For
instance, trees and vegetation that support high levels of bird diversity can also give
shade from the tropical heat and contribute to social cohesion (Chapter 5), as well as
perceptions of naturalness (Chapter 4), thus enhancing their restorative quality.
Importantly, the location of these features, the routes that visitors take, and any
zonation within the green spaces will dictate the extent to which these interactions take
place. For instance, trees and vegetation are also at times associated with criminal
activity, dangerous animals, and disease vectors, consistent with findings from the
global North (Jorgensen et al., 2002; Sonti et al., 2020). Specifically in Georgetown,
the back half of the Botanical Gardens, which comprises a densely overgrown tropical
forest fragment, participants called for improvements to the lighting, security
measures, and manicuring of the vegetation to reduce personal safety concerns. Given
that visitors to Georgetown’s green spaces tend to restrict their movements to the
footpaths provided, the Protected Areas Commission (PAC) currently installing a
platform walkway through the back of the Botanical Gardens, complete with signage
and lighting (O. Davies pers. comm.), which should encourage people to visit. The

area provides natural habitat that supports a wealth of species (e.g. high levels of bird
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diversity, spectacled caiman Caiman crocodilus, released exotic pets). This implies
that win-wins concomitant with trade-offs are both necessary to ensure that

conservation and human wellbeing needs are met.

To identify exactly how human wellbeing can be optimised, decision-makers (as well
as members of the public) might consider the autoecology of specific species when
contemplating design and management plans. For instance, an understanding of the
nesting or feeding behaviours of specific bird species that people respond to (i.e.
coastal birdlife, owls, songbirds) could help elucidate which species of tree or
vegetation should be restored, conserved, or enhanced. As an illustrative example,
many songbirds are insectivorous (e.g. Kiskadee, Pitangus sp.; yellow-chinned
spinetail, Certhiaxis cinnamomus; house wren, Troglodytes aedon) and seek
arthropods in fruiting and flowering trees, as well as along waterways (Hayes et al.,
2019). Likewise, consideration needs to be given towards maximising co-benefits for
biodiversity and ecosystem services more widely where they might potentially exist,
such as certain species of trees and vegetation effectively obstructing noise pollution
(Pathak et al., 2008; Maleki and Hosseini 2011), absorbing air pollution and lowering
air temperatures (Jim and Chen 2008; Vailshery et al., 2013).

Urban blue spaces (e.g. waterways, lakes, ponds) are increasingly being shown to
make positive contributions to human wellbeing (Gascén et al., 2017; Grellier et al.,
2017; Britton et al., 2018). Similarly, Georgetown’s waterways provide a food
resource for human residents (i.e. fishing, snails) (Chapter 2), and a restorative
experience enhanced by enjoyable sounds (such as birdsong), high perceived
biodiversity, and feelings of safety (Chapter 4 and 5). Encouraging visitation to the
waterways by maintaining and improving pedestrian and cycle infrastructure could
enhance their restorative quality by reducing the need for vehicles and the associated
mechanical sounds. Given that these waterways also act as important habitat corridors
for birds traversing through densely urbanised areas (Hayes et al., 2019), conserving
the ecological features that characterise the waterways (i.e. tree-line, vegetation,
flowing water) could provide co-benefits for both people and biodiversity. For
example, overgrown vegetation and invasive weeds obstruct the flow of water, the
maintenance of which is costly due to the fast-growing tropical vegetation. However,

facilitating the connectivity of these waterways so the manatees can consume the
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vegetation offers a nature-based solution (Haigh 1991; Adimey et al., 2012). This may
in turn raise the profile of the manatee as an emblematic species for Georgetown,

which already benefits tourism and attracts people to interact with wildlife in the city.

Georgetown’s coastal blue space (i.c. sea wall) affords protection against flooding for
Guyana’s coastal inhabitants, and participants discussed their memories of past floods
contributing to a sense of place in Chapter 5. However, as breaches become more
regular (the most serious recent flooding event occurring in Spring 2020) (News Room
GY 2020), authorities will need to make considerable investments into its fortification
to secure the protection of those living along the Atlantic Coast. Simultaneously, urban
planners could incorporate characteristics of this space that encourage visitation (i.e.
improving accessibility, benches, sense of safety), to benefit human wellbeing through
the restorative experience it offers (i.e. oceanic views and sounds, coastal birdlife,
sense of landscape change), as well as being a space for physical activity. Likewise,
Georgetown’s green spaces provide catchment for water during periods of heavy rain
and flooding. As such, both green and blue space are integral to climate change
resilience. There are, however, ongoing discussions about re-locating Guyana’s capital
city inland, given the longer term threats of extreme weather events impacting on
coastal inhabitants, despite the substantial socio-economic, environmental, and
logistical challenges such a move would pose (Earle 2013). Under such circumstances,
decision-makers may give due consideration to thoroughly incorporating urban green
and blue spaces into the new urban fabric. Nonetheless, securing the long-term safety
of Georgetown and its inhabitants remains imperative, as the city is set to become a
port town for the petroleum industry.

Georgetown’s crime rates are high compared with Guyana on the whole, with most
incidents occurring along the country’s coastline (Cummings et al., 2018) and within
Indigenous territories (Cummings et al., 2019), although crime in Georgetown’s urban
green or blue spaces has never been examined. It is perhaps not surprising that personal
safety was a dominant and recurring theme throughout this thesis, with participants
concerned by poor lighting, few security staff, lack of surveillance, and memories or
stories about past criminal incidents. These patterns are synonymous with other South
American cities, where fear of crime is a consistent barrier to urban green space use,

and attests to the fact that urban crime in the global South is a deep societal issue
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associated with high levels of inequality, illegal activity, and gang violence (Wright
Wendel et al., 2012; Rigolon et al., 2018; Moran et al., 2020). Nonetheless,
Georgetown’s urban planners and park managers could make changes (e.g. improve
lighting, security presence) to reduce the safety concerns that inhibit visitation and

social cohesion, preventing a restorative experience.

A number of disadvantages could result from enhancing urban green/blue space in
tropical biodiversity-rich countries (Gearey et al., 2018). For example, in Spring 2020,
Georgetown’s National Park was closed due to an infestation of bees (Stabroek News
2020). Pests such as mosquitoes proliferate in areas containing stagnate or shallow
water (such as waterways and ponds in urban green spaces), and may also be vectors
of disease, several of which are of serious concern in Guyana (e.g. Zika, dengue,
Chagas, chikungunya, malaria). The Ministry of Public Health runs a VVector Control
Unit that intermittently ‘fogs’ localised areas of Georgetown, using Malathion
(organophosphate) mixed with diesel fuel (to enable dispersal) to Kkill adult
mosquitoes. Fogging activity rises during the rainy season and disease outbreaks. The
negative effects of organophosphate chemicals on human health (e.g. poisoning,
cancer, evolution of pesticide-resistance) and biodiversity (e.g. indiscriminate impacts
on non-target species) has long been known (Carson 1962), although fogging activities
in Georgetown continue. Residents are also encouraged to overturn containers of
stagnant water and sleep under mosquito nets at night. In our research, pest species
like mosquitoes were not mentioned in relation to green or blue spaces. Aerts et al.,
(2018) highlight that biodiversity can in fact help combat pest species like mosquitoes
and subsequent disease outbreaks, thereby contributing to human wellbeing indirectly.
This theory, known as the ‘dilution effect’, states that higher host species richness
lowers disease transmission and prevalence if the vectors feed on multiple host species
(Bradley and Altizer 2007). For example, Swaddle and Calos (2008) show that
incidence of West Nile Virus in the USA was lower in areas of higher (host) bird
diversity. However, the opposite was found by Levine et al., (2017). Indeed, species
of songbird (passiformes) that are hosts of zoonotic diseases are found in greater
abundance in urban areas due to their tolerance to human disturbance (Gibb et al.,
2020). The existing evidence is contradictory as the relationships between host, vector,
and habitat are extremely complex and rarely surveyed in their entirety (Huang et al.,

2016). Disentangling the interplay between zoonotic host species of songbird, human
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health and wellbeing in Georgetown warrants further investigation, given the range of

serious diseases in the city and the wealth of bird diversity in particular.

As Georgetown expands, several considerations need to be taken into account when
retrofitting or establishing new green and blue spaces for both biodiversity
conservation and human wellbeing, given the findings from this thesis. To reduce
health inequalities, access to green spaces must be equally distributed (Mitchell et al.,
2015; Sugiyama et al., 2016), and unused informal green spaces across the city could
be conserved and enhanced into local community gardens or recreational spaces.
Ensuring connectivity between green spaces, while extending the city’s waterways,
could benefit urban biodiversity and the users of these spaces (Grafius et al., 2017;
Hayes et al., 2019). PAC could initiate the creation of new urban parks within their
jurisdiction to ensure their status as protected areas, given that designation status (and
the conservation of biodiversity it affords) has been associated with greater
psychological benefits for visitors in the global North (Wyles et al., 2019). Further
work is needed to uncover the role of green and blue space size for visitation and for
biodiversity, as well as monitor how patterns of visitor use change over different times
of the day (MacKerron and Mourato 2013; Seresinhe et al., 2019). Nevertheless, it is
likely that mixed provision of green and blue space sizes and types (i.e. urban park,
coastal blue space, waterway) will promote better wellbeing outcomes across different
communities and, concurrently, provide a heterogeneous mosaic of habitats that will
diversify available ecological niches and resources for urban biodiversity (McKinney
2008; Beninde et al., 2015). Decision-makers will also need to account for the tropical
climate, people’s physical capacity to visit, and the proximity of new green and blue
spaces to people’s homes and places of work or education. The provision of private
green spaces (i.e. backyards) should be incorporated into new residential areas as they
provide features and activities not available in public green and blue spaces, such as
growing produce and fruiting trees (Chapter 2). In turn, these activities are valuable
for people’s cultural identity (Hunte et al., 2019) and abundance of insectivorous bird

species (Hayes et al., 2019).

Ensuring that scientific evidence is integrated effectively into urban planning and
management is crucial. By involving a variety of stakeholders (members of the public,

students studying in Georgetown, national government, urban planners, green space
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managers, conservation NGOs the city Mayor) throughout the research process, | was
able to enhance its policy-relevance. The findings from this thesis are directly relevant
to the Protected Areas Act of the Guyanese Government to ‘recognise the intrinsic
values of biological diversity and its components’, and to ‘conserve biodiversity,
ecosystem services, and ecosystems’ (Protected Areas Commission Guyana, 2016),
and provides information to inform the delivery of the ‘Three Parks Initiative’, which
could improve the restorative quality of Georgetown’s green spaces. Unfortunately,
transformation of Georgetown’s urban blue spaces falls outside of any current policy
initiatives. As different voices were accounted for through multiple quantitative,
qualitative, and participatory methodologies, any resultant interventions are likely to
be more equitable and socially-just, thus benefitting a wider section of society.
Nonetheless, while this will help to raise awareness of the issues, the actual
implementation of policies on the ground will require further guidance and strong-will
from all stakeholders (MacGregor-Fors et al., 2020).

Using the detail from this thesis about visit patterns, biodiversity, history, folklore,
and culture, public health and educational campaigns could be targeted at the non-
users of Georgetown’s urban green and blue spaces to improve the health and
wellbeing of the population at large. While these actions were championed by
decision-makers in Chapter 5 (i.e. maintaining specific features, undertaking public
engagement activities in situ, instigation of wellness programmes), there is scope to
suggest that birding tours to the Botanical Gardens could be prescribed. The notion of
social prescribing (or ‘green’ prescribing, when in relation to nature) is gaining
traction in some parts of the world (Twohig-Bennett and Jones 2015; Van den Berg
2017; Shanahan et al., 2019; Robinson et al., 2020), and it is plausible that improved
knowledge and identification skills about local birdlife could influence people’s ability
to perceive species richness and subsequently affect their wellbeing (Dallimer et al.,
2012; Celis-Diez et al., 2017). Guyana might seek to consider how its urban green and
blue spaces can be used in tandem with other treatments for psychological health
issues, and woven into existing and future mental health resources and support
networks. While the WHO-5 mental wellbeing scale examined in Chapter 2 is
indicative of suicide-risk (Sisask et al., 2008), there was no evidence to suggest that
using the city’s green and blue spaces had a positive effect on this measure. Yet,

further investigation into how urban green and blue space could relate to suicide
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prevention is required, given evidence from the global North suggests that exposure
to urban green space can potentially reduce suicide mortality (Helbich, et al., 2018;
Shen and Lung, 2018), as well as reduced antidepressant prescription rates (Helbich,
etal., 2018; Taylor et al., 2015).

The findings from this thesis tentatively imply that a greater awareness and knowledge
about Georgetown’s green and blue spaces can improve human wellbeing,
exemplified by participants who were more attuned with the natural environment
(greater nature-relatedness, perceived high species richness and naturalness in the
surroundings, and had positive past experiences). Given the mismatch between the
objective and perceived measures of biodiversity, Dallimer et al., (2012) argue that
through meaningful public engagement that increases people’s awareness of the
natural features in their surroundings, win-win scenarios for both people and
biodiversity can be ‘unlocked’. As such, I delivered a series of outreach activities to
increase public awareness about biodiversity in Georgetown’s urban green and blue
spaces, and the health and wellbeing benefits that can be gained from interacting with
nature. In collaboration with Conservation International, PAC and two postgraduate
students, we first designed a bird guide for Guyanese school-aged children (Figure
6.1) and some new public signage (Figure 6.2), giving information about the species
found in the city. We then held a public event in the Botanical Gardens on Easter
Sunday (2019), which is the busiest day of the year for the park (Figure 6.1).
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Figure 6.1: An outreach event held in the Botanical Gardens on Easter Sunday promoting nature and
wellbeing in Georgetown. Panels depict photographs from the event, including (a) a graffiti board
produce by children about nature and their wellbeing, (b) members of the public engaging in the
activities, (c) a bird guide produced for school-aged children, and (d) free badges for visitors depicting
bird species (blood coloured woodpecker, Veniliornis sanguineus; wattled jacana, Jacana jacana;
scarlet ibis, Eudocimus ruber) from each of Georgetown’s public spaces (green, waterway, and coastal
blue spaces, respectively), along with one of three pledges: ‘to take pride in my city’, ‘to learn a new

bird each week’, ‘to visit the park once more this week’
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Figure 6.2: Permanent signage erected in Georgetown at the Botanical Gardens and sea wall, giving
information about the species that can be found there, and how interacting with nature can improve

human wellbeing
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During the event we ran a range of activities. This involved a participatory bird survey,
a self-guided tour of the Botanical Gardens using a mobile phone application (‘Action
Bound’) with points and prizes (that required participants to take sound recordings,
photographs and answer questions about the gardens), a graffiti board about nature
and wellbeing for children, and an informal public participatory GIS (PPGIS) activity
to stimulate discussion about the cultural ecosystem services provided within the
Botanical Gardens. The latter activity was loosely structured around Natural
England’s ‘Econets’ project (Natural England 2015), where park visitors indicate the
areas where they experience each of six cultural ecosystem service benefits (sense of
local identity or history, amenity or leisure, escape or tranquillity, aesthetic or beauty,
appreciation of wildlife or perceived naturalness, and air quality or flood prevention).
A more thorough and in-depth PPGIS investigation could reveal valuable information
about specific green and blue space locations across the city the contributions they
make to people’s wellbeing, which could then inform the tailored management and
planning of public spaces (Natural England 2015; Ives et al., 2018; Jones et al., 2020).
Moreover, further work is required to explore the scope for (and measure the
effectiveness of) integrating an understanding of nature and wellbeing into the school
curriculum. To date, there is very little research on this within South America (Proctor
etal., 2019).

Whether people will change their behaviour on the basis of new information about the
health and wellbeing benefits of urban green and blue space, and whether it actually
results in enhanced wellbeing, will require monitoring over time. Indeed, increased
awareness and positive changes in attitudes toward the environment do not necessarily
lead to actual behavioural change (Waylen et al., 2009), given that human behaviours
are also influenced by subjective norms, morals, personal identities and other factors
specific to the cultural context within which they are being described (Clayton and
Myers 2009; Gatersleben et al., 2014). While social norming could help influence
personal identities to encourage increased visitation, establishing a culture of regular
use will take time, and fluctuate according to individuals shifting priorities,
circumstances, and orientations (Bell et al., 2014, 2019). Gobster et al., (2007) argue
that interventions to alter human interactions with and perceptions of the natural
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environment can be ‘ethically questionable’ in some circumstances (e.g. if
interventions are threatening or emphasise fear). However, identifying instances
where aesthetically pleasing and ecologically beneficial landscapes exist is a starting
point to align these sometimes competing goals.

6.3 Conclusions

In the coming years, Guyana will face substantial economic, social, and environmental
challenges as a result of its vast petroleum discoveries. Yet, the appropriate legislation,
physical infrastructure, and skilled workforce to handle these changes is still
incomplete (Panelli 2019; Elias-Roberts 2020). In December 2018, a vote of no
confidence in the government was followed by nearly 21 months of political
instability, which culminated in August 2020 with the legal admittance of the People’s
Progressive Party. Several serious corruption charges are currently held against its
leader, the newly elected President (Panelli 2019). Nonetheless, the new government
will imminently begin to establish how the flow of petroleum-based capital moves
throughout Guyana. Only careful and cautious leadership from this new government
will determine the success of Guyana’s transition through the Green State
Development Strategy (GSDS), and ensure that the ‘Resource Curse’ is avoided
(Azubike 2020). It is hoped that Guyana can establish itself as an important model
country for sustainable economic growth and biodiversity conservation worldwide
(Holland 2018).

While populations expand, the climate changes, and urbanisation accelerates,
biodiversity will continue to decline with concomitant impacts on human wellbeing.
As such, scientists, decision-makers, public health professionals and members of the
public should seize this opportune moment to green (and blue) the cities, encouraging
biodiversity and people to co-exist and co-benefit from one another (Botzat et al.,
2016; van den Bosch and Nieuwenhuijsen 2016). This thesis exemplifies how
empirical scientific evidence from multiple disciplines can be used to inform policy
and practice that benefits biodiversity and human wellbeing harmoniously, while
demonstrating how understanding the local context is imperative to designing needs-
enhancing interventions that reach all sectors of society. Guyana, and Georgetown

particularly, are about to undergo a period of immense change, so this a timely junction
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at which to integrate sustainable land-use planning interventions into the current and
future urban fabric of Georgetown. The findings in my thesis are also applicable to
other tropical cities across the global South, where urban areas are expanding rapidly
but biodiversity is not prioritised in urban planning and management decision-making.
Meanwhile, decision-makers globally are starting to consider strategies for societal
and economic progress that advance people’s quality of life rather than GDP, in light
of the multidimensionality of human wellbeing (Stiglitz et al., 2010; Karma-Ura et al.,
2012; OECD 2015). Given the challenges we face in the 21st century, it is vital that
biodiversity conservation is seen as part of a toolkit in the design and management of
cities that are as positive as possible for the people that inhabit them (Giles-Corti et
al., 2016; Hartig and Kahn 2016).
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Appendix: Co-authored publications

Peer-reviewed journal articles supplementary to the research manuscripts presented
within the main thesis, to which I contributed throughout my PhD programme. Each
publication is broadly relevant to the main themes presented within this thesis. Here |
present the abstracts for reference in reverse chronological order, full text copies are

available online.
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Research article: Bird communities across varying landcover types in a
Neotropical city

Biotropica: 2019
Volume: 00; DOI: 10.1111/btp.12729

William M. Hayes, Jessica C. Fisher, Meshach A. Pierre, Jack E. Bicknell, Zoe G.
Davies

Abstract: Urbanization poses a serious threat to local biodiversity, yet towns and
cities with abundant natural features may harbor important species populations and
communi- ties. While the contribution of urban greenspaces to conservation has been
dem- onstrated by numerous studies within temperate regions, few consider the bird
communities associated with different landcovers in Neotropical cities. To begin to
fill this knowledge gap, we examined how the avifauna of a wetland city in northern
Amazonia varied across six urban landcover types (coastal bluespace; urban blues-
pace; managed greenspace; unmanaged greenspace; dense urban; and sparse urban).
We measured detections, species richness, and a series of ground cover variables that
characterized the heterogeneity of each landcover, at 114 locations across the city. We
recorded >10% (98) of Guyana's bird species in Georgetown, including taxa of
conservation interest. Avian detections, richness, and community composition dif-
fered with landcover type. Indicator species analysis identified 29 species from across
dietary guilds, which could be driving community composition. Comparing landcov-
ers, species richness was highest in managed greenspaces and lowest in dense urban
areas. The canal network had comparable levels of species richness to greenspaces.
The waterways are likely to play a key role in enhancing habitat connectivity as they
traverse densely urbanized areas. Both species and landcover information should be
integrated into urban land-use planning in the rapidly urbanizing Neotropics to maxi-
mize the conservation value of cities. This is imperative in the tropics, where anthro-
pogenic pressures on species are growing significantly, and action needs to be taken

to prevent biodiversity collapse
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Book chapter: Biodiversity and Health - Implications for Conservation

Springer Publishing: 2018
Pages: 283-294; DOI: 10.1007/978-3-030-02318-8

Editors: Melissa R. Marselle, Jutta Stadler, Horst Korn, Katherine N. Irvina, Aletta
Bonn

Zoe G. Davies, Martin Dallimer, Jessica C. Fisher, Richard Fuller

Abstract: The human health and well-being benefits of contact with nature are
becoming increasingly recognised and well understood, yet the implications of nature
experiences for biodiversity conservation are far less clear. Theoretically, there are
two plausible pathways that could lead to positive conservation outcomes. The first is
a direct win-win scenario where biodiverse areas of high conservation value are also
disproportionately beneficial to human health and well-being, meaning that the two
sets of objectives can be simultaneously and directly achieved, as long as such green
spaces are safeguarded appropriately. The second is that experiencing nature can
stimulate people’s interest in biodiversity, concern for its fate, and willingness to take
action to protect it, therefore generating conservation gains indirectly. To date, the two
pathways have rarely been distinguished and scarcely studied. Here we consider how
they may potentially operate in practice, while acknowledging that the mechanisms by
which biodiversity might underpin human health and well-being benefits are still

being determined.

190



