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Cities are losing green space, driving an extinction of nature experiences for urban
communities. Incremental green space loss can trigger a ratcheting-down effect where
individuals’ expectations of nature continually decrease through time. This loss of
everyday nature experiences may produce a citizenry with reduced knowledge and
appreciation of biodiversity and the environment. In this review, we examine how urban
gardens, as urban spaces that bring people into close contact with nature in an otherwise
built environment, can combat this ratcheting-down effect by encouraging interactions
and knowledge of nature. Although the primary purpose of urban gardening may be
food production, they also represent areas of social and recreational value as well as
environmental education and knowledge sharing. We review three ways urban gardens
may engender greater: 1) the provision of natural elements to expose urban dwellers
to the diversity of plants, animals, soils that they would otherwise not encounter in
their daily life; 2) fostering a greater understanding of natural processes that affect food
production (e.g. climate processes, pest control, pollination) and thus the natural world;
and 3) the provision of a safe space in which humans can corporeally interact with nature
elements to develop greater fascination with nature. Urban gardeners, by interacting
with sail, plants, and animals in these spaces, come into direct contact with a range of
environmental elements. The practice of growing food and plants means that gardeners
learn about environmental processes, such as pollination or changes in precipitation,
and how they affect plant growth. Thus, urban gardens can engender biophilia for their
participants by increasing exposure, positive interactions, and knowledge of nature,
potentially changing people’s attitudes to nature. We present examples from a variety
of urban gardens to show how these spaces can be designed using biophilic thinking to
enhance people’s everyday nature experiences and their drive to interact with the natural
world.

Keywords: nature relatedness, nature exposure, urban green space, environmental attitudes, urban lifestyle

URBAN GREEN SPACE LOSS AND THE EXTINCTION OF NATURE
EXPERIENCES

Urbanization is a major driver of global land cover change (Grimm et al., 2008; McDonald
et al,, 2008), and urban dwellers now exceed 50% of the global population. Urban areas are
predicted to absorb the majority of the continued population growth over the next four decades
(United Nations, 2010). However, cities are relatively nature-poor because the built environment
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is optimized for human constructs rather than for nature (Ossola
and Niemeld, 2018). Research has documented a widespread loss
of green space in cities, especially under compact development
plans. Urban densification processes, including consolidation
and infill development, can threaten urban green space and thus
human health and well-being (Jim, 2004; Haaland and Van Den
Bosch, 2015).

Opportunities to interact with urban nature have decreased
over time because of green space loss, potentially driving an
extinction of nature experiences for many urban dwellers (Pyle,
1978; Turner et al., 2004). This is true for the general population
and potentially more so for the younger generations as more
children grow up in increasingly nature-poor cities (Turner et al.,
2004; Zhang et al., 2014; Soga and Gaston, 2016). Additionally,
greater engagement with technology has led to more indoor and
sedentary lifestyles (Pergams and Zaradic, 2006; Ballouard et al.,
2011), and busy and overscheduled lives allow for less leisure time
in green spaces (Clements, 2004; Hofferth, 2009).

Urbanization has also greatly homogenized urban ecosystems
in their flora, fauna, and ecosystem function (McKinney, 2006;
Grimm et al., 2008; Groffman et al, 2014). The departure
from more natural or wild systems may lead to a “shifting
baseline syndrome” where people continually ratchet down their
expectations of the quality and ecological function of natural
areas because they are no longer exposed to high quality natural
areas (Pauly, 1995; Papworth et al., 2009). Thus, individuals’
expectations of nature decrease through time and may decrease
the value and relevance of nature for many people (Pyle,
2002). Educational theory suggests that biophilia and nature
orientation are encouraged by early everyday nature experiences,
whereby children have physical contact with and exposure to
the natural world (Stokes, 2006). Children with more outdoor
nature routines are more cognitively aware of the human-nature
interdependence (Giusti et al., 2014), and feeling emotionally
connected to nature increases environmental concern (Mayer
and Frantz, 2004; Dutcher et al., 2007). Yet the loss of everyday
nature experiences can reduce knowledge and appreciation of
biodiversity and the environment by the urban citizenry that
may further facilitate a greater detachment from nature (England,
2009).

The extinction of everyday nature experience can have
important consequences for the well-being of urban populations
(Morris, 2003a). Exposure to and interaction with nature can
provide a wide range of physical and mental health benefits,
such as improved cognition, social interaction, recreation, and
physical activity that may reduce chances of cardiovascular
disease, diabetes, and obesity (Kaplan and Kaplan, 1989; Ulrich
et al., 1991; Williams, 2001; Sacker and Cable, 2006; Shaw
et al.,, 2006; Thomas et al., 2006; Keniger et al., 2013). Wilson
(1984) “biophilia hypothesis” suggests that humans possess an
innate tendency to seek connections with nature and other
forms of life. Positive past and present nature experiences can
create emotions including affinity, interest, and indignation that
result in nature-protective behaviors (Nisbet et al., 2009). These
tendencies are significant contributors to promoting emotional
and psychological well-being (Morris, 2003b; Fuller and Irvine,
2010; Keniger et al., 2013). Because of the growing recognition

that experiencing nature is important for many human and
environmental health outcomes (Morris, 2003a), it is urgent to
understand how to promote and enhance urban green spaces that
encourage everyday interactions with nature.

Most research on nature-human interactions has used a
broad definition of what is meant by the word “nature”
(Shanahan et al., 2015). This includes aspects related to indoor
environments (foliage plants), urban spaces (public green spaces,
gardens and roadside vegetation), fringe ecosystems (peri-urban
nature reserves), production landscapes (agricultural land), and
wilderness (beach/ocean, river, mountains, forest/woodland,
national parks) (Keniger et al., 2013). In this review, we present
how a specific urban green space, urban gardens, has the
potential to bring urban dwellers into closer contact with natural
elements to attain the benefits of interacting with nature and to
grow biophilia. We first present a brief introduction to urban
gardens to then discuss three ways in which urban gardens can
increase biophilia in urban communities: (1) the provision of
natural elements to expose urban dwellers to the diversity of
plants, animals, soils that they would otherwise not encounter in
their daily life; (2) fostering a greater understanding of natural
processes that affect food production (e.g., climate processes,
pest control, pollination) and thus the natural world; and (3)
the provision of a safe space in which humans can corporeally
interact with nature elements to develop greater fascination with
nature. We conclude by examining how the intentional design
of urban gardens can incorporate the various elements presented
to create gardens that effectively improve human well-being and
human-nature connections. These spaces scattered across the
built environment can develop affinity of and connection to
urban nature and ecosystem processes to combat the ratcheting-
down effect of experiential loss by providing everyday nature to
people. Urban gardens can thereby increase biophilia potential
across urban landscapes.

THE POTENTIAL ROLE OF URBAN
GARDENS TO COMBAT THE EXTINCTION
OF NATURE EXPERIENCES

Urban gardens can include the cultivation of vegetables,
medicinal plants, spices, mushrooms, fruit trees, and other
productive plants, as well as the keeping of livestock for eggs,
milk, meat, wool, and other products (Lovell, 2010). The different
types of urban gardens allow for a diverse set of vegetation
structures to contribute to the edible landscape across the
city in both public and private lands (McLain et al, 2012).
Urban gardens are highly heterogeneous in size, form, and
function (Lin et al., 2015), and can provide different types of
nature experiences and human benefits (Egerer et al., 2018b).
The variety of garden spaces include community or allotment
gardens, home gardens, easement gardens, roof-top gardens,
urban orchards, and more (Lin et al., 2015). Many urban garden
systems may fit into more than one category. For example, both
private gardens and community gardens may exist as rooftop
gardens, and community orchards may exist within community
gardens.
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Communities around the world are attempting to utilize
urban gardening projects as a mean of improving the health and
sustainability of cities (Wakefield et al., 2007; Kingsley et al., 2009;
Beniston and Lal, 2012; Colasanti et al., 2012). Urban gardens
are popular green spaces that can increase fresh food access
by enhancing food availability and quality (Alaimo et al., 2008;
Ober Allen et al., 2008; Zezza and Tasciotti, 2010). These spaces
have also been shown to support mental and physical health
(Armstrong, 2000; Wakefield et al., 2007). For example, one
study reported that survey respondents on the younger and older
spectrum of allotment gardeners had higher levels of physical
activity during the summer than non-gardening neighbors in
corresponding age categories, leading to greater health and well-
being benefits (Van Den Berg et al., 2010). They are also places
to build community cohesion and social networks by allowing
people a space to meet and exchange ideas, encourage cross-
cultural connections, and promote environmental stewardship
(Shinew et al., 2004; Glover et al., 2005; Kingsley and Townsend,
2006; Andersson et al., 2007; Ossola et al., 2018b).

The time that people spend in and around urban gardens
can contribute to their time interacting with and learning about
nature (also referred to as “dose”), although the effectiveness of
this interaction may depend on the quality of the “naturalness”
of the urban garden (Shanahan et al., 2015). Rosenzweig (2003)
proposed that in order to conserve natural areas, we may need to
bring nature to people rather than have people come to nature,
especially in urbanized environments. Instead of restoring
and maintaining natural spaces to be more representative of
previously existing habitats, we may need to design places, such as
urban gardens, that are already dedicated to human activities to
become more natural or to achieve novel combinations of natural
elements that assist in developing human biophilic associations.
In this way, urban gardens can be retrofitted by using biophilic
design thinking to provide gardeners a regular dose of nature
to not only foster biodiversity conservation and environmental
stewardship, but to also support human well-being (Miller,
2005). Thus, urban gardens represent ideal spaces in which
multiple generations of urban dwellers can come together
to interact with nature through food, the ultimate biophilic
element.

HOW URBAN GARDENS CAN INCREASE
BIOPHILIA FOR URBAN COMMUNITIES

Urban gardens can bring back, conserve, and promote biophilia
in modern and future urban systems (Lin et al.,, 2015; Ossola
et al, 2018a). The variety of urban garden types allow for
considerable variation in the complexity and diversity of elements
and processes that can enhance an individual’s interaction with
nature. Gardeners and visitors can reconnect and experience
different types of nature elements, from forest-like urban
orchards to small garden beds on easements, allowing for
different types of entry points of interaction. Additionally,
because urban gardening spaces are becoming common across
cities worldwide and gaining community support, they present
an excellent opportunity to attract people back to the outdoors

and leave behind the technological distractions as well as hustle
and bustle of daily life. We discuss below three ways that urban
garden design can bring urban dwellers back into nature and
enhance purposeful interactions to build nature connections
(Figure 1):

1. Providing natural elements to engender biophilia—
Gardens, as semi-natural systems in the built environment,
can be designed and enhanced to represent highly diverse
and complex spaces that mimic those in natural systems.
Incorporating biophilic elements through garden design
provides a means to expose urban dwellers to the diversity of
plants, animals, soils that they would otherwise not encounter.

2. Fostering an understanding of natural processes—The
practice of growing food and plants means that gardeners
learn about environmental processes, such as pollination
or changes in weather patterns, and how they affect plant
growth. This provides participants with a medium to increase
their knowledge and appreciation of natural processes, thus
fostering biophilia.

3. Increasing human-nature interactions—Urban gardeners
come into direct contact with a range of natural elements
through interactions with soil, plants, and animals in gardens.
This corporeal interaction of handling soil and touching plants
can be important for gardeners to experience and gain benefits
from natural spaces as well as develop continued curiosity and
fascination for the natural world.

We review examples from a variety of urban gardens to show how
the design of urban gardens can achieve multiple benefits that will
enhance urban nature experiences, bringing urban dwellers back
into nature to further their understanding and knowledge of the
natural world.

Providing Natural Elements to Engender
Biophilia

Gardens exist on an agrobiodiversity continuum. Some gardens
have little plant diversity and structure (e.g., mowed lawns with
little other vegetation), while other gardens have high levels of
biodiversity and structure (e.g., home gardens, urban orchards).
When designed with nature in mind, urban gardens can support
a high level of plant and animal biodiversity that may lure
people back into nature. Although gardens are highly managed
spaces that provide a specific urban nature experience, adding
more plant structural diversity and complexity (e.g., trees and
shrubs with varying phenologies and functions) that mimic
wild spaces may improve urban nature experiences and support
biophilia. Intentional biophilic design can play an important role
in enhancing the “sense of extent” or scope of nature for the
users (Kaplan, 1995). For example, more vegetatively complex
elements of the environment are more intriguing and challenging
to understand than simple ones. As such, complex elements can
transport people into a new world, lengthen time spent in the
garden interacting with nature, and thereby promote lifelong
connections to nature (Wells and Lekies, 2006). We present
a number of nature elements that can enhance the biophilic
capacity of gardens.
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A Increasing the variety of natural elements

Supporting associated invertebrate and
vertebrate diversity

Increasing structural diversity Providing floral diversity

Photo credit: Joanbanjo, CC BY-SA 4.0 Photo credit: I'm nonpartisan, CC BY 3.0 Photo credit: CSIRO Entomology, CC BY 3.0

B Fosteringan understanding of natural processes

Understanding plant-soil-water Sharing knowledge and understanding through Recognizing processes such as
processes and interactions intentional learning natural pest management

Photo credit: Ryan Dickey, CC BY 2.0 Photo credit: Joe Mabel, CC BY-SA 4.0 Photo credit: CSIRO Science Images, CC BY 3.0

C Increasing human-nature interactions

Encouraging human fascination and

e Encouraging corporeal interactions with soil and plants
demystifying the natural world g'ng colp: P

Photo credit: Joschagah, CCBY-SA 3.0 Photo credit: Green For Photo credit: Lynn Betts (NRCS Photo Gallery), Public domain
All,CCBY 2.0

FIGURE 1 | Reimagining gardens with biophilic design thinking requires (A) Bringing in more natural elements to increase the variety of experiences, (B) Fostering
human understanding of environmental processes to appreciate natural systems, (C) Considering design methods that encourage greater human-nature interactions.
All images are reproduced in this figure based on a Creative Commons license or recognized as public domain. Photo credit and the type of Creative Commons
license for each image is found below each image.

Biodiversity they would otherwise encounter. A study of a home gardens
Gardens can be designed to increase the biodiversity within them,  in Santarem, Brazil found that home gardeners supported high
exposing people to a wider range of plants and animals than  levels of plant species richness —98 plant species—including a
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range of fruit trees and shrubs, ornamentals, vegetables, herbs,
and medicinal plants (Winklerprins, 2002). Similarly, allotment
and community gardens can be designed to support biodiversity.
In Stockholm, allotment gardens are often rich in plant diversity,
with >440 plant species recorded in a single 400 m? allotment
garden (Colding et al., 2006). Such systems often have high
levels of floral diversity that mimic natural grasslands in a small
allotted space. The element of rich floral diversity can positively
correlate with invertebrate abundance. For example, species-rich
community gardens in New York City were found to support a
large number of bee species (54 bee species), including species
that nest in cavities, hives, and wood (Matteson et al., 2008).

Structural Complexity

The ability to establish and maintain complex structural elements
may be difficult in gardens depending on the management
rules and regulations of the garden. In private spaces, such
as residential yards or home gardens, the potential to provide
structural complexity increases as individuals can intentionally
design with biophilic thinking. Structural complexity can benefit
both humans and animals. Greater vegetation structure can
help create visual complexity that improves attention restoration
for those immersed in the space as well as those viewing it
from inside the home (Grinde and Patil, 2009). Maintenance
of these complex spaces can also invite animal species to use a
garden space by providing the “wild” three dimensional structure
necessary for habitat, an additional nature element to provide a
broader nature experience (Goddard et al., 2013). In many garden
studies, invertebrate and vertebrate abundance and diversity
positively relates to vegetation complexity, especially woody
plant structure (Smith et al., 2006; Gonzalez-Garcia et al., 2009;
Sperling and Lortie, 2010). The studies indicate the value of trees
and shrubs for boosting ecological complexity. Practices, such
as planting fruit/seed-bearing plants and constructing compost
heaps can also add elements that promote bird and vertebrate
abundance and diversity (Good, 2000).

Native Species

The planting of native species can be an important nature
element to consider in urban gardens. Adding native vegetation
within gardens boosts the abundance of bees (Pardee and
Philpott, 2014), butterflies (Burghardt et al,, 2009), and bird
species (Daniels and Kirkpatrick, 2006). Native vegetation may
be an especially important element because it can better support
native fauna to exist in the built environment (French et al,,
2005). Native plants and animals can also create specific links
between people and place, thus increasing emotional attachment
and sense of belonging (Brook, 2003).

Culturally Appropriate Food Crops

On the other hand, place attachment may yield a different type of
biodiversity in gardens, as displaced/migrant people may plant
crops that are known or familiar to them in order to attain a
sense of home (Brook, 2003). Growing culturally appropriate
food may be needed to match the food needs of ethno-culturally
diverse communities (Gichunge and Kidwaro, 2014; Glowa
et al., 2018), presenting a different type of nature element to

ecologically diversify urban gardens. Surveys of urban gardens
in Toronto, where Asian populations are deeply involved in
urban gardening, showed that besides the typical local vegetables
(cabbage, tomatoes, peppers, and eggplant) farmers grew an
additional 16 vegetable crops to supply the local community with
foods unavailable in local grocery stores. These crops included
Asian vegetables, such as bok choy, long bean, hairy gourd, and
edible chrysanthemums to substantially increase the types of
crops seen in the urban garden (Baker, 2004).

Thus, a wide range of natural elements, from more vegetation
structure, higher species diversity, the addition of woody trees
and shrubs, native plants, and culturally appropriate crops are all
additions that can amplify the biophilic draw to urban gardens.
Such elements increase the variety of nature exposure to urban
dwellers.

Fostering Human Understanding of Natural

Processes

Urban gardens foster diverse types of learning by bringing
individuals together to socially share skills and knowledge
(Krasny and Tidball, 2009). Both the restorative and social
aspects of urban gardening provide the mental space to learn
about the natural world, thereby promoting biophilia. Through
gardening and sustained interaction with natural elements of
gardens, people can generate a cognitive understanding of the
complexity and interrelatedness of different components of
nature. Gardens provide a platform for humans to learn about
interactions between organisms, the interplay between biotic
and abiotic factors, and spatial-temporal processes (Andersson
et al., 2007). We discuss four key natural processes centered in
urban gardens that enhance an understanding of the natural
world in individuals: soil forming processes, plant-soil-water
feedbacks, climatic change, and species interactions (pollination
and pest control). This experiential learning engenders in people
knowledge about managing biotic and abiotic factors that affect
crop production in the built environment.

Soil Formation Processes

Soils are the medium through which many human-nature
interactions take place in gardens. Human-soil direct contact
may promote perceived well-being improvements through
connection to natural elements (Egerer et al, 2018b). But
soils are also a way that people learn about nutrient cycling,
decomposition, and the moisture retention capacity of their soils
(Gregory et al,, 2016; Egerer et al., 2018a). Urban garden soils
often require significant remediation due to soil contamination
and compaction (Pouyat et al., 2010; Ossola and Livesley, 2016;
Lorenz, 2017). Thus, learning about how to support these soil
processes is necessary for gardeners to boost crop production
and may be a way for people to better connect with the earth
below. Most gardeners recognize that practices, such as cover
cropping and crop rotations improve soil quality and nutrient
management. However, educational programs focused on how
certain practices affect natural processes of soils can further
enhance gardening success by improving people’s appreciation
of intricate soil processes (Gregory et al., 2016). Literacy of soil
processes can strengthen connections to soils and importantly
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translate to biophilic design of garden plots from the ground up,
centering on composting, decomposition, and nutrient cycling.

Plant-Soil-Water Processes

Interactions among plants, soils, and water are one of the
primary platforms for increasing knowledge of natural processes
in garden systems. By actively making watering decisions for
their plants (Egerer et al,, 2018a) gardeners can observe how
water flows through the system and how it affects crop growth.
Further, gardeners are encouraged to pay particular attention to
plant-soil-water processes because water is of concern in many
urban agricultural systems in arid regions (Lin et al, 2018).
Monitoring water usage, for example, is a mean through which
gardeners become more aware of their water use and learn about
water conservation strategies (Egerer et al., 2018a). Local water
conservation as an individual and collective endeavor can also
facilitate connections to larger resource conservation initiatives
at the regional scale. These monitoring initiatives and learning
processes should be incorporated as a biophilic design strategy.

Climate Patterns

Urban gardens are central for understanding human biophilic
responses to local microclimate and rapid climate changes,
including drought and extended periods of extreme heat.
Garden plants are affected by local fluctuations in temperatures
(Eriksen-Hamel and Danso, 2010) most likely because of high
evapotranspiration and soil moisture loss (Craul, 1992; Pickett
et al, 2011). In response, gardeners must monitor weather
patterns to make informed decisions on how to best manage
their crops. Gardeners must gain knowledge about climate and
become more sensitive to the physical environment because it
concerns timing of flowering, seasonality of crop plants, and
general plant phenology. However, urban gardens are often
surrounded by built environment and impervious surface that
create an urban heat island in and around the urban gardens.
Urban areas generally register 5-11°C warmer than surrounding
areas due to urban heat effects (Kalnay and Cai, 2003), and
gardens surrounded by more impervious land cover exhibit
higher temperatures for longer periods than gardens surrounded
by less urbanized areas with more natural vegetation (Lin et al.,
2018; Egerer et al., 2019). Thus, managing the potential climate
effects on plants may promote biophilia as gardeners need to
learn how to adapt to climate change by altering their water
use behavior, plant care, and soil management practices (Avolio
et al, 2015; Lin et al, 2018; Egerer et al, 2019). Gardeners
become more conscious of plant needs and help plants respond
to plant stress by providing supplemental water and nutrients or
protecting plants from solar radiation using shade cloth (Egerer
etal., 2019). These examples show how human management may
be a biophilic response to changing weather patterns and extreme
conditions.

Pollination and Pest Control Processes

Pollination and pest control processes help humans to
understand the role of the associated biodiversity of bees,
birds, beetles, and spiders in maintaining agroecosystem
functions. By observing bees in garden systems, people become

aware of pollinator communities and how they respond to
vegetation management and design (Burr et al., 2016). This
accumulated knowledge may lead people to adapt their urban
gardens to support the bee population. This could include
intentionally incorporating native flowering plants, installing
bee hotels, allowing weeds to grow, and constructing novel
habitats like urban prairie pocket gardens to support pollinators
at key life history stages (Andersson et al., 2007; Burr et al.,
2016). Natural enemies could similarly be important for
gardeners to understand food webs and ecological processes
like predation, competition, and parasitism to control garden
pests through natural pest control processes. Insect pest
damage is one of the most common challenges for gardeners
(Gregory et al.,, 2016). By understanding natural pest control
by beetles, wasps, and birds, gardeners can adapt the garden
to support the habitat requirements of these natural enemies,
thus providing greater natural pest control to their plots
(Philpott and Bichier, 2017). Master gardener programs are
also a way to improve people’s knowledge of pollination and
pest control processes. Workshops and educational programs
provide a unique opportunity for people to learn from “experts”
in horticultural design and garden ecology (Dirks and Orvis,
2005; Strong and Harder, 2010). As humans better understand
pollination and pest control through individual and collective
experiences, they become local stewards of vulnerable urban
biodiversity conservation (Andersson et al, 2007) and gain
an important sense of connection to broader conservation
initiatives (Burr et al, 2016)—fundamental to deepening
biophilia.

Through the process of growing crops within urban gardens,
people will have the opportunity to observe and appreciate
key natural processes essential to environmental systems.
A greater understanding how abiotic and biotic processes
interact will provide people with a greater appreciation of
the complex feedbacks amongst soils, plants, and animals.
A greater understanding of climate and weather processes
will provide greater insight into the balance between water
provision and use. Such learning is essential to develop an
urban population that appreciates and desires to conserve
nature.

Increasing Human-Nature Interactions

Studies of human participation and behavior in nature suggest
that physical connections with natural elements are often
related with an emotional connection to nature that influence
environmental decision making (Scott et al., 2014). Immersive
and corporeal interactions with natural elements are the
ultimate expression of biophilia, whereby the human drive
to nature is expressed through all human senses—smelling,
touching, hearing (Kellert, 2003). Biophilia manifests itself
along a nuanced continuum, ranging from positive driving
tendencies (e.g., attraction, curiosity, etc.), neutral behaviors
(e.g., indifference), to negative repulsive feelings, sometimes
also referred to as biophobic feelings (e.g., discomfort, fear,
etc.) (Orr, 1994). For instance, people are often afraid or
put off by some natural elements, such as spiders, snakes,
germs, or dirt as they are thought to be dangerous, ugly,
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or smelly. These negative tendencies are driven through
cultural and empirical influences (“mediated biophilia”) (Nabhan
and St Antoine, 1993; Kellert, 1997) as well as based on
human evolutionary theory and the learned behaviors of
survival (e.g., savannah or forest hypothesis) (Heerwagen and
Orians, 1995; Han, 2007; Falk and Balling, 2010). Despite
having an innate foundation, many of these preferences are
reinforced by social norms, attitudes, and beliefs of some
modern societies (Ulrich, 1993). Because of these tendencies,
urban gardens could benefit from biophilic design thinking
by promoting more genuine and safe interactions between
humans and natural elements. In particular, urban gardens
can increase people-nature interactions by providing the
following:

Fostering Physical Interactions With Natural Elements
Biophilic design thinking of urban gardens should find an
optimal blend of positive biophilic elements (e.g., plants with
attractive shapes and colors, water elements), while reducing
biophobic elements (e.g., unpleasant smell, thorny plants,
garden waste). Garden design facilitates physical and tactile
interactions, for example, by encouraging people to touch
and cultivate soils or to physically care for plants. Biophilic
design thinking within gardens could help create biophilic
analogs to natural ecosystems (e.g., ponds, running water
features, rocky outcrops) that are rarely found in the modern
built environment. Such features can increase natural elements
within the system while eliciting curiosity, attraction, and
interaction.

Enhancing the “Biophilic Urge” and “Fascination” for
the Natural World

Urban gardens can provide spaces that trigger innate biophilia
and human curiosity for the natural world. While triggering this
curiosity may be easier in children due the instinctual drive to
discovery and play, eliciting these emotions in adults requires
a more targeted and designed approach focused on cultural
backgrounds and established values (Ulrich, 1993; Delavari-
Edalat and Abdi, 2010). Thus, gardens with multiple natural
elements may be able to attract and trigger these feelings
of curiosity for a greater number of people. Additionally,
surveys of gardeners have found high levels of satisfaction
and quality of life from their experiences in gardens, and
these experiences encourage the continued participation in
urban gardening (Armstrong, 2000; Egerer et al, 2018b).
The incorporation of gardens into the urban landscape can
therefore provide a biophilic refuge from the dense built
environment where individuals can appreciate and enjoy ever-
more scarce natural elements in cities (e.g., silence, sunlight,
breeze).

Demystifying and Correcting Negative Conceptions
About Nature and Its Elements

Urban gardens are unique places in the built environment
where people socially come together to cultivate crops (Kingsley
and Townsend, 2006). Knowledge is generated and transmitted
through shared practice and knowledge exchange. This offers an

opportunity to demystify and correct negative preconceptions
and notions about unpleasant natural elements. Fear of
animals and outdoor threats can drive people away from the
outdoors. This is often linked to the “biological preparedness
hypothesis,” where man evolved to fear potential threats as
a means of survival (Ulrich, 1993; Ohman and Mineka,
2001). However, urban gardens can bring people back into
nature through safe interactions to reduce these fears by
offering an opportunity to learn about them. Further, “cues
to care” (e.g., a scarecrow, a manicured footpath) provide
an orderly framework to a nature space that can lessen
negative perceptions of natural elements and offer more secure
and positive interactions for many individuals (Nassauer,
1995).

Ensuring Future Interaction Through Biophilic
Stewardship and Memory

Urban gardens are not only important for modern cities and
towns, but are likely to have an important role in cities into
the future. Urban gardens can help to conserve a positive and
genuine biophilic drive for future generations likely to live more
distanced from the natural world (Ossola et al., 2018a). They
offer places where socio-ecological memory can be retained
within a community and to build resilience to future changes
(Barthel et al., 2010). The socio-ecological framework that is
created through long-term connections through urban gardens
not only connects gardeners through knowledge, but maintains
connections for economic trade, organizational partnerships, and
legal institutions that maintain urban garden systems in cities
(Barthel et al., 2010).

Thus, urban gardens can be valuable spaces to increase
human-nature interactions by reducing the barriers of
entry and creating a safe space for humans to immerse
themselves in nature and develop a greater appreciation
for the complexity of nature. Encouraging curiosity and
fascination for the natural world is essential to develop nature
relatedness and greater desire to further learn about the natural
world.

CONCLUSIONS

With human populations becoming more urbanized and
cities often under greater land constraints, it will be more
challenging for urban systems to provide both environmental
and human well-being needs for society. Urban gardens are
multifunctional spaces in which employing biophilic design
thinking can enhance the interaction between humans and
nature. In this review, we highlight three ways in which urban
gardens, green spaces that are embedded within communities,
can be designed to increase biophilia. Designing urban
gardens that encompass more nature elements, provide multiple
opportunities to learn about environmental processes, and,
increase the potential for corporeal interaction with nature
will help urban dwellers develop a deeper and sustained
connection with nature. Designing these spaces with the
purposeful intention of bringing people closer to nature could
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be an important step toward increasing biophilia in urban
communities.

AUTHOR CONTRIBUTIONS

BBL led the writing with significant contributions from MHE and
AO.

REFERENCES

Alaimo, K., Packnett, E., Miles, R. A., and Kruger, D. J. (2008). Fruit and vegetable
intake among urban community gardeners. J. Nutr. Educ. Behav. 40, 94-101.
doi: 10.1016/j.jneb.2006.12.003

Andersson, E., Barthel, S., and Ahrné, K. (2007). Measuring social-ecological
dynamics behind the generation of ecosystem services. Ecol. Appl. 17,
1267-1278. doi: 10.1890/06-1116.1

Armstrong, D. (2000). A survey of community gardens in upstate New York:
implications for health promotion and community development. Health Place
6, 319-327. doi: 10.1016/S1353-8292(00)00013-7

Avolio, M. L., Pataki, D. E., Pincetl, S., Gillespie, T. W., Jenerette, G. D., and
McCarthy, H. R. (2015). Understanding preferences for tree attributes: the
relative effects of socio-economic and local environmental factors. Urban
Ecosyst. 18, 73-86. doi: 10.1007/s11252-014-0388-6

Baker, L. E. (2004). Tending cultural landscapes and food citizenship
in Torontos community gardens. Geogr. Rev. 94, 305-325.
doi: 10.1111/§.1931-0846.2004.tb00175.x

Ballouard, J. M., Brischoux, F., and Bonnet, X. (2011). Children prioritize
virtual exotic biodiversity over local biodiversity. PLoS ONE 6:e23152.
doi: 10.1371/journal.pone.0023152

Barthel, S., Folke, C., and Colding, J. (2010). Social-ecological memory
in urban gardens—retaining the capacity for management of ecosystem
services. Global Environ. Change 20, 255-265. doi: 10.1016/j.gloenvcha.2010.
01.001

Beniston, J., and Lal, R. (2012). “Improving soil quality for urban agriculture in the
North Central US,” in Carbon Sequestration in Urban Ecosystems (Dordrecht:
Springer), 279-313.

Brook, I. (2003). Making here like there: place attachment, displacement
and the wurge to garden. Ethics Place Environ. 6, 227-234.
doi: 10.1080/1366879042000200651

Burghardt, K. T., Tallamy, D. W., and Gregory Shriver, W. (2009). Impact of native
plants on bird and butterfly biodiversity in suburban landscapes. Conserv. Biol.
23,219-224. doi: 10.1111/.1523-1739.2008.01076.x

Burr, A, Schaeg, N., Muiiiz, P., Camilo, G. R., and Hall, D. M. (2016). Wild bees in
the city: reimagining urban spaces for pollinator health. Consilience J. Sustain.
Dev. 16, 106-131. doi: 10.7916/D8GH9IPNR

Clements, R. (2004). An investigation of the status of outdoor play. Contemp. Issues
Early Child. 5, 68-80. doi: 10.2304/ciec.2004.5.1.10

Colasanti, K. J. A., Hamm, M. W, and Litjens, C. M. (2012). The City as an
“Agricultural Powerhouse”? Perspectives on expanding urban agriculture from
Detroit, Michigan. Urban Geogr. 33, 348-369. doi: 10.2747/0272-3638.33.3.348

Colding, J., Lundberg, J., and Folke, C. (2006). Incorporating green-area user
groups in urban ecosystem management. AMBIO J. Hum. Environ. 35,
237-244. doi: 10.1579/05-A-098R.1

Craul, P. J. (1992). Urban Soil in Landscape Design. New York, NY: John Wiley &
Sons.

Daniels, G., and Kirkpatrick, J. (2006). Does variation in garden characteristics
influence the conservation of birds in suburbia? Biol. Conserv. 133, 326-335.
doi: 10.1016/j.biocon.2006.06.011

Delavari-Edalat, F., and Abdi, M. R. (2010).
interactions based on biophilia values in an urban context: case study.
J. Urban Plan. Dev. 136, 162-168. doi: 10.1061/(ASCE)0733-9488(2010)
136:2(162)

Dirks, A. E., and Orvis, K. (2005). An evaluation of the junior master gardener
program in third grade classrooms. Horttechnology 15, 443-447.

Human-environment

FUNDING

This work was supported by the National Institute of Food
and Agriculture, United States Department of Agriculture [grant
2016-67019-25185 to BBL]; the National Science Foundation
Graduate Research Fellowship Program [grant 2016-174835 to
MHE].

Dutcher, D. D., Finley, J. C,, Luloff, A., and Johnson, J. B. (2007). Connectivity
with nature as a measure of environmental values. Environ. Behav. 39, 474-493.
doi: 10.1177/0013916506298794

Egerer, M. H., Lin, B. B., and Philpott, S. M. (2018a). Water use behavior, learning
and adaptation to future change in urban gardens. Front. Sustain. Food Syst.
2:71. doi: 10.3389/fsufs.2018.00071

Egerer, M. H., Lin, B. B,, Threlfall, C. G., and Kendal, D. (2019). Temperature
variability influences urban garden plant richness and gardener water use
behavior, but not planting decisions. Sci. Total Environ. 646, 111-120.
doi: 10.1016/j.scitotenv.2018.07.270

Egerer, M. H., Philpott, S. M., Bichier, P., Jha, S., Liere, H., and Lin, B. B.
(2018b). Gardener well-being along social and biophysical landscape gradients.
Sustainability 10:96. doi: 10.3390/su10010096

England, N. (2009). Childhood and Nature: A Survey on Changing Relationships
with Nature Across Generations, Report to Natural England. Natural England.

Eriksen-Hamel, N., and Danso, G. (2010). Agronomic considerations for
urban agriculture in southern cities. Int. J. Agric. Sustain. 8, 86-93.
doi: 10.3763/ijas.2009.0452

Falk, J. H., and Balling, J. D. (2010). Evolutionary influence on human landscape
preference. Environ. Behav. 42, 479-493. doi: 10.1177/0013916509341244

French, K., Major, R., and Hely, K. (2005). Use of native and exotic garden
plants by suburban nectarivorous birds. Biol. Conserv. 121, 545-559.
doi: 10.1016/j.biocon.2004.06.004

Fuller, R, and Irvine, K. N. (2010). “Interactions between people and nature in
urban environments,” in Urban Ecology, ed K. J. Gaston. (New York, NY:
Cambridge University Press).

Gichunge, C., and Kidwaro, F. (2014). Utamu wa A frika (the sweet taste of A frica):
the vegetable garden as part of resettled A frican refugees’ food environment.
Nutr. Dietet. 71,270-275. doi: 10.1111/1747-0080.12143

Giusti, M., Barthel, S., and Marcus, L. (2014). Nature routines and affinity with
the biosphere: a case study of preschool children in stockholm. Child. Youth
Environ. 24, 16-42. doi: 10.7721/chilyoutenvi.24.3.0016

Glover, T. D., Parry, D. C., and Shinew, K. J. (2005). Building relationships,
accessing resources: mobilizing social capital in community garden contexts.
J. Leis. Res. 37, 450-474. doi: 10.1080/00222216.2005.11950062

Glowa, K. M., Egerer, M., and Jones, V. (2018). Agroecologies of displacement: a
study of land access, dislocation, and migration in relation to sustainable food
production in the Beach Flats Community Garden. Agroecol. Sustain. Food Syst.
1-24. doi: 10.1080/21683565.2018.1515143

Goddard, M. A., Dougill, A. J, and Benton, T. G. (2013). Why garden
for wildlife? Social and ecological drivers, motivations and barriers for
biodiversity management in residential landscapes. Ecol. Econ. 86, 258-273.
doi: 10.1016/j.ecolecon.2012.07.016

Gonzélez-Garcia, A., Belliure, J., Gomez-Sal, A., and Dévila, P. (2009). The role of
urban greenspaces in fauna conservation: the case of the iguana Ctenosaura
similis in the ‘patios’ of Ledn city, Nicaragua. Biodivers. Conserv. 18:1909.
doi: 10.1007/s10531-008-9564-4

Good, R. (2000). The value of gardening for wildlife-what contribution does it
make to conservation? Br. Wildlife 12, 77-84.

Gregory, M. M., Leslie, T. W., and Drinkwater, L. E. (2016). Agroecological and
social characteristics of New York city community gardens: contributions to
urban food security, ecosystem services, and environmental education. Urban
Ecosyst. 19, 763-794. doi: 10.1007/s11252-015-0505-1

Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X.,
et al. (2008). Global change and the ecology of cities. Science 319, 756-760.
doi: 10.1126/science.1150195

Frontiers in Built Environment | www.frontiersin.org

December 2018 | Volume 4 | Article 79


https://doi.org/10.1016/j.jneb.2006.12.003
https://doi.org/10.1890/06-1116.1
https://doi.org/10.1016/S1353-8292(00)00013-7
https://doi.org/10.1007/s11252-014-0388-6
https://doi.org/10.1111/j.1931-0846.2004.tb00175.x
https://doi.org/10.1371/journal.pone.0023152
https://doi.org/10.1016/j.gloenvcha.2010.01.001
https://doi.org/10.1080/1366879042000200651
https://doi.org/10.1111/j.1523-1739.2008.01076.x
https://doi.org/10.7916/D8GH9PNR
https://doi.org/10.2304/ciec.2004.5.1.10
https://doi.org/10.2747/0272-3638.33.3.348
https://doi.org/10.1579/05-A-098R.1
https://doi.org/10.1016/j.biocon.2006.06.011
https://doi.org/10.1061/(ASCE)0733-9488(2010)136:2(162)
https://doi.org/10.1177/0013916506298794
https://doi.org/10.3389/fsufs.2018.00071
https://doi.org/10.1016/j.scitotenv.2018.07.270
https://doi.org/10.3390/su10010096
https://doi.org/10.3763/ijas.2009.0452
https://doi.org/10.1177/0013916509341244
https://doi.org/10.1016/j.biocon.2004.06.004
https://doi.org/10.1111/1747-0080.12143
https://doi.org/10.7721/chilyoutenvi.24.3.0016
https://doi.org/10.1080/00222216.2005.11950062
https://doi.org/10.1080/21683565.2018.1515143
https://doi.org/10.1016/j.ecolecon.2012.07.016
https://doi.org/10.1007/s10531-008-9564-4
https://doi.org/10.1007/s11252-015-0505-1
https://doi.org/10.1126/science.1150195
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Lin et al.

Urban Gardens Engender Biophilia

Grinde, B., and Patil, G. G. (2009). Biophilia: does visual contact with nature impact
on health and well-being? Int. J. Environ. Res. Public Health 6, 2332-2343.
doi: 10.3390/ijerph6092332

Groffman, P. M., Cavender-Bares, J., Bettez, N. D., Grove, J]. M., Hall, S. J.,
Heffernan, J. B., et al. (2014). Ecological homogenization of urban USA. Front.
Ecol. Environ. 12, 74-81. doi: 10.1890/120374

Haaland, C., and Van Den Bosch, C. K. (2015). Challenges and strategies for urban
green-space planning in cities undergoing densification: a review. Urban Forest.
Urban Green. 14, 760-771. doi: 10.1016/j.ufug.2015.07.009

Han, K.-T. (2007). Responses to six major terrestrial biomes in terms of
scenic beauty, preference, and restorativeness. Environ. Behav. 39, 529-556.
doi: 10.1177/0013916506292016

Heerwagen, J. H., and Orians, G. H. (1995). Humans, habitats. Biophilia Hypothesis
138, 138-172.

Hofferth, S. L. (2009). Changes in American children’s time—1997 to 2003.
Electron. Int. . Time Use Res. 6:26.

Jim, C. Y. (2004). Green-space preservation and allocation for sustainable greening
of compact cities. Cities 21, 311-320. doi: 10.1016/j.cities.2004.04.004

Kalnay, E., and Cai, M. (2003). Impact of urbanization and land-use change on
climate. Nature 423:528. doi: 10.1038/nature01675

Kaplan, R., and Kaplan, S. (1989). The Experience of Nature: A Psychological
Perspective. New York, NY: CUP Archive.

Kaplan, S. (1995). The restorative
an  integrative framework. J.
doi: 10.1016/0272-4944(95)90001-2

Kellert, S. R. (1997). The Value of Life: Biological Diversity and Human Society.
Washington, DC: Island Press.

Kellert, S. R. (2003). Kinship to Mastery: Biophilia in Human Evolution and
Development. Island Press.

Keniger, L. E., Gaston, K. J., Irvine, K. N, and Fuller, R. A. (2013). What are
the benefits of interacting with nature? Int. J. Environ. Res. Public Health 10,
913-935. doi: 10.3390/ijerph10030913

Kingsley, J. Y., and Townsend, M. (2006). ‘Dig in’to social capital: community
gardens as mechanisms for growing urban social connectedness. Urban Pol.
Res. 24, 525-537. doi: 10.1080/08111140601035200

Kingsley, J. Y., Townsend, M., and Henderson-Wilson, C. (2009). Cultivating
health and wellbeing: members’ perceptions of the health benefits
of a Port Melbourne community garden. Leis. Stud. 28, 207-219.
doi: 10.1080/02614360902769894

Krasny, M. E,, and Tidball, K. G. (2009). Community gardens as contexts
for science, stewardship, and civic action learning. Cities Environ. 2:8.
doi: 10.15365/cate.2182009

Lin, B. B, Egerer, M. H., Liere, H., Jha, S. Bichier, P., and Philpott,
S. M. (2018). Local-and landscape-scale land cover affects microclimate
and water use in urban gardens. Sci. Total Environ. 610, 570-575.
doi: 10.1016/j.scitotenv.2017.08.091

Lin, B. B., Philpott, S. M., and Jha, S. (2015). The future of urban agriculture and
biodiversity-ecosystem services: challenges and next steps. Basic Appl. Ecol. 16,
189-201. doi: 10.1016/j.baae.2015.01.005

Lorenz, K. (2017). “Managing urban soils for food production,” in Urban Soils, eds.
T. A. Steward, and R. Lal (Boca Raton, FL: CRC Press), 295-312.

Lovell, S. T. (2010). Multifunctional urban agriculture for sustainable
land use planning in the United States. Sustainability 2, 2499-2522.
doi: 10.3390/5u2082499

Matteson, K. C., Ascher, J. S., and Langellotto, G. A. (2008). Bee richness and
abundance in New York City urban gardens. Ann. Entomol. Soc. Am. 101,
140-150. doi: 10.1603/0013-8746(2008)101[140:BRAAIN]2.0.CO;2

Mayer, F. S., and Frantz, C. M. (2004). The connectedness to nature scale: a
measure of individuals’ feeling in community with nature. J. Environ. Psychol.
24, 503-515. doi: 10.1016/j.jenvp.2004.10.001

McDonald, R. L, Kareiva, P., and Forman, R. T. T. (2008). The implications of
current and future urbanization for global protected areas and biodiversity
conservation. Biol. Conserv. 141, 1695-1703. doi: 10.1016/j.biocon.2008.04.025

McKinney, M. L. (2006). Urbanization as a major cause of biotic homogenization.
Biol. Conserv. 127, 247-260. doi: 10.1016/j.biocon.2005.09.005

McLain, R., Poe, M., Hurley, P. T., Lecompte-Mastenbrook, J., and Emery, M.
R. (2012). Producing edible landscapes in Seattle’s urban forest. Urban Forest.
Urban Green. 11, 187-194. doi: 10.1016/j.ufug.2011.12.002

toward
169-182.

benefits of nature:

Environ.  Psychol. 15,

Miller, J. R. (2005). Biodiversity conservation and the extinction of experience.
Trends Ecol. Evol. 20, 430-434. doi: 10.1016/j.tree.2005.05.013

Morris, N. (2003a). Health, Well-Being and Open Space. Literature Review. OPEN
space: the research centre for inclusive access to outdoor environments.
Edinburgh: Edinburgh College of Art and Heriot-Watt University.

Morris, N. (2003b). Health, Well-Being and Open Space: Literature Review.
Edinburgh: Edinburgh College of Art and Heriot-Watt University.

Nabhan, G. P, and St Antoine, S. (1993). “The loss of floral and faunal story: the
extinction of experience,” in The Biophilia Hypothesis, eds S. Kellert and E. O.
Wilson (Washington, DC: Island Press), 229-250.

Nassauer, J. L. (1995). Messy ecosystems, orderly frames. Landscape J. 14, 161-170.
doi: 10.3368/1j.14.2.161

Nisbet, E. K., Zelenski, J. M., and Murphy, S. A. (2009). The nature relatedness
scale: linking individuals’ connection with nature to environmental concern
and behavior. Environ. Behav. 41, 715-740. doi: 10.1177/0013916508318748

Ober Allen, J., Alaimo, K., Elam, D., and Perry, E. (2008). Growing
vegetables and values: benefits of neighborhood-based community gardens
for youth development and nutrition. J. Hunger Environ. Nutr. 3, 418-439.
doi: 10.1080/19320240802529169

Ohman, A., and Mineka, S. (2001). Fears, phobias, and preparedness: toward
an evolved module of fear and fear learning. Psychol. Rev. 108:483.
doi: 10.1037/0033-295X.108.3.483

Orr, D. W. (ed.). (1994). “Love it or lose it: the coming biophilia revolution,”
in Earth in Mind : On Education, Environment, and the Human Prospect,
(Washington, DC: Island Press).

Ossola, A., Egerer, M., Lin, B., Rook, G., Setild, H. (2018a). Lost food
narratives can grow human health in cities. Front. Ecol. Environ. 16:1977.
doi: 10.1002/fee.1977

Ossola, A., and Livesley, S. J. (2016). “Drivers of soil heterogeneity in the urban
landscape,” in Urban Landscape Ecology: Science, Policy and Practice, eds R. A.
Francis, J. Millington, and M. A. Chadwick (New York, NY: Routledge), 19-41.

Ossola, A., and Niemeld, J. (2018). Urban Biodiversity: From Research to Practice.
London; New York, NY: Routledge.

Ossola, A., Schifman, L., Herrmann, D. L., Garmestani, A. S., Schwarz, K., and
Hopton, M. E. (2018b). The provision of urban ecosystem services throughout
the private-social-public domain: a conceptual framework. Cities Environ. 11:5.
Available online at: https://digitalcommons.Imu.edu/cate/voll1/iss1/5/

Papworth, S., Rist, J.,, Coad, L., and Milner-Gulland, E. (2009). Evidence
for shifting baseline syndrome in conservation. Conserv. Lett. 2, 93-100.
doi: 10.1111/j.1755-263X.2009.00049.x

Pardee, G. L., and Philpott, S. M. (2014). Native plants are the bee’s knees: local
and landscape predictors of bee richness and abundance in backyard gardens.
Urban Ecosyst. 17, 641-659. doi: 10.1007/s11252-014-0349-0

Pauly, D. (1995). Anecdotes and the shifting baseline syndrome of fisheries. Trends
Ecol. Evol. 10:430. doi: 10.1016/S0169-5347(00)89171-5

Pergams, O. R., and Zaradic, P. A. (2006). Is love of nature in the US becoming
love of electronic media? 16-year downtrend in national park visits explained by
watching movies, playing video games, internet use, and oil prices. J. Environ.
Manage. 80, 387-393. doi: 10.1016/j.jenvman.2006.02.001

Philpott, S. M., and Bichier, P. (2017). Local and landscape drivers of predation
services in urban gardens. Ecol. Appl. 27, 966-976. doi: 10.1002/eap.1500

Pickett, S. T., Cadenasso, M. L., Grove, ]. M., Boone, C. G., Groffman, P. M., Irwin,
E. etal. (2011). Urban ecological systems: scientific foundations and a decade of
progress. J. Environ. Manage. 92, 331-362. doi: 10.1016/j.jenvman.2010.08.022

Pouyat, R. V., Szlavecz, K., Yesilonis, I. D., Groffman, P. M., and Schwarz,
K. (2010). “Chemical, physical, and biological characteristics of urban soils,”
Urban Ecosystem Ecology. Agronomy Monograph, eds A.-P. Jacqueline and V.
Astrid (Madison, WI: American Society of Agronomy, Crop Science Society of
America, Soil Science Society of America), 119-152.

Pyle, R. M. (1978). The extinction of experience. Horticulture 56, 64-67.

Pyle, R. M. (2002). “Eden in a vacant lot: Special places, species, and kids in the
neighborhood of life,” in Children and Nature: Psychological, Sociocultural, and
Evolutionary Investigations, eds P. H. Kahn Jr. and S. R. Kellert (MIT Press),
305-327.

Rosenzweig, M. L. (2003). Win-Win Ecology: How the Earth’s Species Can Survive
in the Midst of Human Enterprise. New York, NY: Oxford University Press.
Sacker, A., and Cable, N. (2006). Do adolescent leisure-time physical activities

foster health and well-being in adulthood? Evidence from two British

Frontiers in Built Environment | www.frontiersin.org

December 2018 | Volume 4 | Article 79


https://doi.org/10.3390/ijerph6092332
https://doi.org/10.1890/120374
https://doi.org/10.1016/j.ufug.2015.07.009
https://doi.org/10.1177/0013916506292016
https://doi.org/10.1016/j.cities.2004.04.004
https://doi.org/10.1038/nature01675
https://doi.org/10.1016/0272-4944(95)90001-2
https://doi.org/10.3390/ijerph10030913
https://doi.org/10.1080/08111140601035200
https://doi.org/10.1080/02614360902769894
https://doi.org/10.15365/cate.2182009
https://doi.org/10.1016/j.scitotenv.2017.08.091
https://doi.org/10.1016/j.baae.2015.01.005
https://doi.org/10.3390/su2082499
https://doi.org/10.1603/0013-8746(2008)101[140:BRAAIN]2.0.CO;2
https://doi.org/10.1016/j.jenvp.2004.10.001
https://doi.org/10.1016/j.biocon.2008.04.025
https://doi.org/10.1016/j.biocon.2005.09.005
https://doi.org/10.1016/j.ufug.2011.12.002
https://doi.org/10.1016/j.tree.2005.05.013
https://doi.org/10.3368/lj.14.2.161
https://doi.org/10.1177/0013916508318748
https://doi.org/10.1080/19320240802529169
https://doi.org/10.1037/0033-295X.108.3.483
https://doi.org/10.1002/fee.1977
https://digitalcommons.lmu.edu/cate/vol11/iss1/5/
https://doi.org/10.1111/j.1755-263X.2009.00049.x
https://doi.org/10.1007/s11252-014-0349-0
https://doi.org/10.1016/S0169-5347(00)89171-5
https://doi.org/10.1016/j.jenvman.2006.02.001
https://doi.org/10.1002/eap.1500
https://doi.org/10.1016/j.jenvman.2010.08.022
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

Lin et al.

Urban Gardens Engender Biophilia

birth cohorts. Eur. J. Public Health 16, 331-335. doi: 10.1093/eurpub/
ckil89

Scott, B. A., Amel, E. L., and Manning, C. M. (2014). In and of the wilderness:
ecological connection through participation in nature. Ecopsychology 6, 81-91.
doi: 10.1089/ec0.2013.0104

Shanahan, D. F,, Fuller, R. A, Bush, R, Lin, B. B., and Gaston, K. J. (2015). The
health benefits of urban nature: how much do we need? Bioscience 65, 476-485.
doi: 10.1093/biosci/biv032

Shaw, K., Gennat, H., O’rourke, P., and Del Mar, C. (2006). Exercise
for overweight or obesity. Cochrane Database Syst. Rev. 4:CD003817.
doi: 10.1002/14651858.CD003817.pub3

Shinew, K. J., Glover, T. D., and Parry, D. C. (2004). Leisure spaces as potential sites
for interracial interaction: community gardens in urban areas. J. Leis. Res. 36,
336-355. doi: 10.1080/00222216.2004.11950027

Smith, R. M., Warren, P. H., Thompson, K., and Gaston, K. J. (2006). Urban
domestic gardens (VI): environmental correlates of invertebrate species
richness. Biodiv. Conserv. 15, 2415-2438. doi: 10.1007/s10531-004-5014-0

Soga, M., and Gaston, K. J. (2016). Extinction of experience: the loss of human-
nature interactions. Front. Ecol. Environ. 14:1225. doi: 10.1002/fee.1225

Sperling, C. D., and Lortie, C. J. (2010). The importance of urban backgardens
on plant and invertebrate recruitment: a field microcosm experiment. Urban
Ecosyst. 13, 223-235. doi: 10.1007/s11252-009-0114-y

Stokes, D. L. (2006). Conservators of experience. Bioscience 56, 7-8. doi: 10.1641/
0006-3568(2006)056[0007:COE]2.0.CO;2

Strong, R., and Harder, A. (2010). Motivational orientations of adults participating
in a Cooperative Extension Master Gardener program. J. Ext. 48:4RIB2.
Available online at: https://joe.org/joe/2010august/rb2.php

Thomas, D., Elliott, E., and Naughton, G. (2006). Exercise for type
2 diabetes mellitus. Cochrane Database Syst Rev  3:CD002968.
doi: 10.1002/14651858.CD002968.pub2

Turner, W. R., Nakamura, T., and Dinetti, M. (2004). Global urbanization and the
separation of humans from nature. AIBS Bull. 54, 585-590. doi: 10.1641/0006-
3568(2004)054[0585:GUATSO]2.0.CO;2

Ulrich, R. S. (1993). Biophilia, biophobia, and natural landscapes. Biophilia
Hypothesis 7, 73-137.

Ulrich, R. S., Simons, R. F., Losito, B. D., Fiorito, E., Miles, M. A., and Zelson, M.
(1991). Stress recovery during exposure to natural and urban environments. J.
Environ. Psychol. 11, 201-230. doi: 10.1016/50272-4944(05)80184-7

United Nations (2010). World Urbanization Prospects: 2009 Revisions. New York,
NY: United Nations: Department of Economic and Social Affairs of the United
Nations Secretariat.

Van Den Berg, A. E, Van Winsum-Westra, M., De Vries, S., and
Van Dillen, S. M. (2010). Allotment gardening and health: a
comparative survey among allotment gardeners and their neighbors
without an allotment. Environ. Health 9:74. doi: 10.1186/1476-
069X-9-74

Wakefield, S., Yeudall, F., Taron, C., Reynolds, J., and Skinner, A. (2007). Growing
urban health: community gardening in South-East Toronto. Health Promot.
Int. 22,92-101. doi: 10.1093/heapro/dam001

Wells, N. M., and Lekies, K. S. (2006). Nature and the life course: Pathways from
childhood nature experiences to adult environmentalism. Child. Youth Environ.
16, 1-24.

Williams, P. T. (2001). Physical fitness and activity as separate heart
disease risk factors: a meta-analysis. Med. Sci. Sports Exerc. 33:754.
doi: 10.1097/00005768-200105000-00012

Wilson, E. O. (1984). Biophilia. Cambridge, MA: Harvard University Press.

Winklerprins, A. M. (2002). House-lot gardens in Santarém, Pard, Brazil:
linking rural with urban. Urban Ecosyst. 6, 43-65. doi: 10.1023/A:1025914
629492

Zezza, A., and Tasciotti, L. (2010). Urban agriculture, poverty, and food security:
empirical evidence from a sample of developing countries. Food Policy 35,
265-273. doi: 10.1016/j.foodpol.2010.04.007

Zhang, W., Goodale, E., and Chen, J. (2014). How contact with nature affects
children’s biophilia, biophobia and conservation attitude in China. Biol.
Conserv. 177, 109-116. doi: 10.1016/j.biocon.2014.06.011

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Lin, Egerer and Ossola. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Built Environment | www.frontiersin.org

10

December 2018 | Volume 4 | Article 79


https://doi.org/10.1093/eurpub/cki189
https://doi.org/10.1089/eco.2013.0104
https://doi.org/10.1093/biosci/biv032
https://doi.org/10.1002/14651858.CD003817.pub3
https://doi.org/10.1080/00222216.2004.11950027
https://doi.org/10.1007/s10531-004-5014-0
https://doi.org/10.1002/fee.1225
https://doi.org/10.1007/s11252-009-0114-y
https://doi.org/10.1641/0006-3568(2006)056[0007:COE]2.0.CO;2
https://joe.org/joe/2010august/rb2.php
https://doi.org/10.1002/14651858.CD002968.pub2
https://doi.org/10.1641/0006-3568(2004)054[0585:GUATSO]2.0.CO;2
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1186/1476-069X-9-74
https://doi.org/10.1093/heapro/dam001
https://doi.org/10.1097/00005768-200105000-00012
https://doi.org/10.1023/A:1025914629492
https://doi.org/10.1016/j.foodpol.2010.04.007
https://doi.org/10.1016/j.biocon.2014.06.011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles

	Urban Gardens as a Space to Engender Biophilia: Evidence and Ways Forward
	Urban Green Space Loss and the Extinction of Nature Experiences
	The Potential Role of Urban Gardens to Combat the Extinction of Nature Experiences
	How Urban Gardens can Increase Biophilia for Urban Communities
	Providing Natural Elements to Engender Biophilia
	Biodiversity
	Structural Complexity
	Native Species
	Culturally Appropriate Food Crops

	Fostering Human Understanding of Natural Processes
	Soil Formation Processes
	Plant-Soil-Water Processes
	Climate Patterns
	Pollination and Pest Control Processes

	Increasing Human-Nature Interactions
	Fostering Physical Interactions With Natural Elements
	Enhancing the ``Biophilic Urge'' and ``Fascination'' for the Natural World
	Demystifying and Correcting Negative Conceptions About Nature and Its Elements
	Ensuring Future Interaction Through Biophilic Stewardship and Memory


	Conclusions
	Author Contributions
	Funding
	References


