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Abstract. Urbanization can create uncertainty for biodiversity. Understanding the spatial
distribution of trees along urban-rural gradients is crucial for sustainable land management
and the conservation of biological diversity. However, limited information is available on the
factors influencing the distribution of trees outside forests along urban-rural transition
gradients. This paper uses the Preferred Reporting items for Systematic Reviews and Meta-
Analyses (PRISMA) to review how distance from urban centers, land use types, socio-economic
disparities, and community attitudes and perceptions impact the spatial distribution of trees
outside forests along urban-rural gradients. The review indicates that the species composition,
diversity, density, and spatial arrangement of trees outside forests vary along the urban-rural
gradient. The most commonly cited factors influencing this distribution are respondents'
attitudes and perceptions of trees, socio-economic factors, and land use variations. Distance
from the urban center was the least cited factor. However, there is significant variation in how
different factors impact this distribution from study to study. Therefore, further research is
needed to better understand the factors driving changes in the diversity of trees outside forests
in various urban-rural contexts and to determine whether variations exist across different
settings.

Keywords: Attitudes and perceptions; Land uses; Socio-economic factors; Trees outside
forests; Urban-rural gradient

1. Introduction

As cities continue to expand, natural vegetation is often cleared and replaced with human-
made structures, leading to loss of biodiversity and species (Sanaei et al., 2020; Singh et al., 2018).
Although some studies suggest that tree species richness may be higher in cities than natural
forests (Gillespie et al., 2017), the relationship between urbanization and plant diversity has not
been adequately explored (M. Wang et al., 2020). Nevertheless, there is growing interest in Trees
Outside Forests (TOF), their diversity, distribution, and relationship with urbanization factors
(Abdulmalik et al., 2020; Bourne & Conway, 2014; Chauhan & Dogra, 2016; Chukwumaucheya,
2012; Di Cristofaro et al., 2020; Jeong et al., 2023). Therefore, the urban-rural paradigm is a useful
model for studying the effects of urbanization on plant communities.

Previous empirical studies, though limited, show varying patterns of change in how TOF are
spatially distributed along the urban-rural gradient (Ranta & Viljanen, 2011; Vakhlamova et al.,
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2014; M. Wang et al., 2020). This pattern can be attributed to various factors. For example, the
existence of numerous spatial patterns of plants distribution along an urban-rural transitional
gradient in a city can be attributed to the high heterogeneity of urban environments, which
provides many habitats for various plant species (M. Wang et al., 2020). Additionally, urban socio-
economic activities, diversity, and land use management practices significantly influence how
plants are spatially distributed (M. Wang et al., 2020). However, it is challenging to unravel how
each factor individually affects the spatial distribution of plants along the urban-rural gradient
(Ruas etal.,, 2022). Therefore, it is crucial to consider multiple factors when studying the influence
of urban development on species distribution and diversity (M. Wang et al., 2020).

As countries strive towards sustainability in the management of tree resources and
conservation of biological diversity, as outlined in the United Nations Sustainable Development
Goal number 15, it is imperative to understand the principal issues associated with the existence
of TOF. It is crucial to discern their prospective implications and suggest measures to augment
their productivity. To provide a comprehensive and up-to-date review of recent developments
associated with TOF, this study reviewed articles addressing factors influencing the distribution
of TOF along urban-rural transition gradients. These factors include proximity to the urban core,
land use patterns, residents’ attitudes and perceptions, and socio-economic status. The paper
reviews the variation in spatial distribution of TOF with distance from urban areas, how variation
in land use types along urban-rural gradients influences TOF's spatial distribution, how people's
perceptions of TOF affect their spatial distribution, and how socioeconomic status influences their
spatial distribution. The findings of this paper will be helpful in achieving the United Nations'
target to incorporate the significance of ecosystems and biodiversity into national and local
planning, development procedures, and poverty alleviation strategies.

2. Material and method
2.1. Review protocol and search

A systematic review of published articles was conducted using keywords to search the
following electronic databases: Tandfonline, Science Direct, EBSCOhost, and Google Scholar.
Additional relevant articles were obtained by tracing the citations in the reference lists of the
included articles. The review followed to the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) checklist (Page et al., 2021). Based on the aims of this review, a
review protocol documenting the criteria for literature inclusion and exclusion was developed
beforehand, as detailed in Table 1.

Table 1. Inclusion and exclusion criteria for the selection of literature

Criteria Decision

When the predefined search terms occur wholly or as a minimum in the

title, abstract, or keywords of the article Inclusion
The article is published in a peer-reviewed journal Inclusion
The article is full-length and written in the English language Inclusion
The article addresses at least one of the determinants of the distribution of Inclusion
TOF or the distribution pattern of TOF.

Articles duplicated in the search results Excluded
Inaccessible articles Excluded
Review papers and metadata. Excluded
Articles that were published before 2010 Excluded

The search was conducted between 25t July 2023 and 15t August 2023. It was restricted to
primary studies published in English between January 2010 and June 2023 to focus mainly on the
most recent developments in the field. Table 2 summarizes the key search terms and the number
of articles obtained from each database. Additionally, 106 articles were identified through tracing
of citations.
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Table 2. Key search terms used and the number of articles obtained from each database

Full-text
Database Search term and search string AI‘tlFleS articles
obtained assessed for
eligibility
Google Search terms - Trees Outside Forests 121 24
Scholar where all is Perceptions of Trees Outside Forests 1 1
found in the title  Perceptions of urban trees 13 13
of the article Trees along urban-rural gradient 6 6
Land uses and trees (diversity) 95 10
Effects of socio-economic factors on 0 0
trees outside forests diversity
Trees and socio-economic 26 6
Science Search terms - Trees Outside Forests 336 19
Direct using article Perceptions of Trees Outside Forests 4 0
title, abstract, Perceptions of urban trees 169 54
and keywords Socioeconomics and trees diversity 63 12
Trees, urban-rural gradient 55 12
Effects of land use on trees diversity 237 18
EBSCOhost Search terms - Trees Outside Forests 122 9
where all is Perceptions of Trees Outside Forests 1 1
found either in Perceptions of urban trees 26 26
the article title, Trees and socio-economic factors 160 10
abstract, or . . .
keywords Land use type and tree species diversity 20 4
Search term - Trees along urban-rural gradient 10 4
where all is
found in all text
Taylor and Search terms - Trees Outside Forests 68 0
Francis using article Perceptions of Trees Outside Forests 0 0
title, abstract, Perceptions of urban trees 2 2
and keywords Socioeconomics and Trees Outside 4 2
Forests
Effects of land use on trees diversity 36 0
Search term - Trees outside forests diversity along 421 4
where all is urban-rural gradient

found anywhere
in the article

2.2. Study selection

The selection of relevant articles was based on the sub-themes of the study, and the selection
process is summarized in Figure 1. The titles, abstracts, keywords, author names and affiliations,
year of publication, and journal titles of selected papers were exported to a Microsoft Excel
spreadsheet for data management. The search results were screened depending on the article title,
abstract, and keywords. Using the developed protocol (Table 1), articles that met the inclusion
criteria were selected for further analysis.

The first step involved reading the titles of the collected articles, discarding those irrelevant
to the research topic. In the second step, the abstracts of the remaining papers were reviewed,
excluding those whose abstracts did not correspond to the research topic. Step three, eligibility
assessment, involved screening the full texts of the included articles. In the fourth step, elevant
data from the chosen studies were extracted and synthesized to identify trends and patterns in
the distribution of TOF along an urban-rural gradient based on distance from urban areas, land
use types, socio-economic status, and people’s attitudes and perceptions. The study's findings
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were summarized under various TOF sub-themes, research gaps analyzed, and suggestions for
further research highlighted.

= Google scholar = ScienceDirect = 864 Ebscohost = 339 Taylor & Francis =
kS 262 531
: I
[}
=
Total records identified through Additional records identified through hand
database search searching
(n=1996) (n=106)
Total records identified

(n=2102)
bo l
£
=
3 Records screened Records excluded
3 (n=2102) (n=1759)
::3 Full-text articles assessed for Full-text articles excluded, with
20 eligibility reasons
= (n=343) (n=242)
5 l
= Articles included in the final
e synthesis
- (n=101)

Figure 1. Flow chart of the study selection process

3. Result and discussion

Over the last decade, there has been an increase in the number of studies evaluating the
distribution of TOF and their influencing factors (Figure 2). This review identified 101 studies that
explain the variation in the distribution of TOF along urban-rural gradients influenced by various
determinants.

Twenty-three of these studies were conducted in Asia, 23 in North America, 22 in Europe, 25
in Africa, 6 in Australia, and only 2 in South America. Eighteen studies strictly used the urban-rural
gradient to explain the variation in spatial distribution of TOF. The other 83 studies used simple
comparison of variations between urban and non-urban areas, or variations within urban, peri-
urban, or rural areas.

The most frequently cited factors influencing the species composition and spatial distribution
of TOF are the respondents’ attitudes and perceptions of trees (66 citations) and socio-economic
factors (46 citations), with land use type being the least cited factors (33 citations). Overall, the
studies identified various specific factors affecting the spatial distribution of TOF, and the extent
and nature of the impact of these factors varied from one study to another depending on the
specific contexts in which the studies were carried out.
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Figure 2. Number of studies relating spatial distribution of TOF and their determinants between January
2010 and June 2023

3.1. Spatial distribution of trees outside forest with distance from urban cores

Studies have shown that the spatial distribution of TOF varies depending on the distance
from urban areas (Table 3). Some regions experience a mild negative impact on plant diversity
due to proximity to the city center (Panyadee et al., 2012), while others show an increase in plant
diversity and density as the distance from urban to rural areas increases for both native and exotic
species (Cameron et al., 2015; Nock et al., 2013; Ranta & Viljanen, 2011; Salmoiraghi et al., 2020;
Vakhlamova et al., 2014). However, tree species abundance generally decreases in highly
urbanized areas (Rija et al., 2014; Schwoertzig et al., 2016).

Native (Bazzato et al., 2021; Jha et al., 2019) and exotic (Bazzato et al., 2021; |ha et al., 2019;
Vakhlamova et al., 2014; M. Wang et al., 2020) plant species have higher richness in urban areas
than in rural areas. This suggests that increasing the distance from urban to rural areas negatively
affects the diversity of both exotic and native species. On the contrary, studies have found that
plant diversity is highest in areas of moderate disturbances (Xiao et al., 2023; Yan et al., 2018),
which supports the theory of intermediate perturbation, which suggests that areas with moderate
disturbances have more plant species diversity than areas with low or high disturbances (Connell,
1978). This is because intense anthropogenic activities from urbanization often lead to loss of
plant diversity and species extinction by altering their natural habitat, fragmentation and isolation
of plant populations, thereby leading to increased exposure to pollution and other stressors (Alue
etal.,, 2022; R. Pandey & Kumar, 2018; Singh et al., 2018; M. Wang et al., 2020).

Further, the authors also found that the composition of tree species and the distribution of
larger and older trees vary among urban, transition, and rural zones. For example, in Bengaluru,
ornamental and shade tree species are the most abundant in the urban areas, while timber and
multiple-purpose tree species dominate the rural areas (Jha etal., 2019). In contrast, the transition
zone features a blend of tree species observed in urban and rural domains (Jha et al., 2019).
However, there is no variation in the percentage of native species along the urban-rural gradient,
with approximately 35% in urban, transition, and rural landscapes. The decrease in tree species
diversity along the gradient is more pronounced with exotic tree species. Therefore, further
studies are needed to examine the impact of anthropogenic activities on plant diversity and
species extinction, as well as the composition and distribution of tree species in urban, transition,
and rural zones.
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Table 3. Changes in spatial distribution of trees along urban-rural gradient

Deter_mmant Indicator Result Conclusion Selected references
variable
Mild negative impact on Non- (D.Pandey etal., 2021;
TOF diversity significant Panyadee etal., 2012; Rija
etal, 2014; Schwoertzig et
al., 2016; M. Wang et al,,
2020)
Increase in diversity and Positive (Cameron et al., 2015;
density for both native and Nock etal,, 2013; Ranta &
exotic species Viljanen, 2011;
Salmoiraghi et al., 2020;
Vakhlamova et al., 2014).
Increase in the Decr.ease iq the diversity of = Negative (Bazzato et. al., 2021; Jha
i exotic species etal.,, 2019; Vakhlamova et
distance from Inconsisten  al., 2014; M. Wang etal,,
the urban
t results 2020)
center toward Decrease in the diversity of =~ Negative (Bazzato etal., 2021; Jha
rural areas . .
native species etal., 2019)
No impact on the diversity Not (M. Wang et al., 2020)
of native species significant
Increase and then decrease Positive/ (Xiao etal., 2023; Yan et
in species diversity for both  negative al., 2018)
native and exotic species.
Variation in species Positive/ (Jha etal., 2019)
composition of TOF negative
Decrease in the population Negative (Jha etal., 2019;

of larger and older trees

Salmoiraghi et al., 2020;

Sikuzani etal., 2019)

3.2. Spatial distribution of trees outside forests in different land use types along urban-

rural transition gradients

The distribution of trees in different land-use areas, ranging from highly urbanized to rural
environments, is known as the distribution of TOF along an urban-rural gradient (Rossi et al.
2016). This distribution is influenced by both natural and human factors, such as land use changes
resulting from urbanization, agricultural expansion, and deforestation (Helen et al., 2019; Jha et
al., 2019; Nock et al., 2013). These changes significantly alter the distribution of TOF, impacting
the landscape mosaic by increasing or decreasing heterogeneity (Helen et al., 2019; Nock et al.,
2013). Therefore, understanding TOF distribution patterns in various land use types is crucial for
managing and maintaining urban and rural ecosystems, ultimately improving human well-being.

Tree species composition and diversity levels vary significantly between land use types in
rural, urban, and suburban zones (Anglaaere et al., 2011; Bazzato et al., 2021; Bourne & Conway,
2014; Dobbs et al., 2013; Jiang et al., 2022; Thammanu et al., 2021), as shown in Table 4. This
variation is more pronounced in some land uses than others (Jiang et al., 2022). For example, trees
may be present in areas with extensive agriculture in windbreaks or shelterbelts, which are rows
of trees planted to protect crops from wind erosion or provide shade for livestock (Thammanu et
al., 2021). However, if not controlled, human management practices like pruning, thinning, and
fire suppression negatively impact the density and health of these tree resources, limiting the
provision of numerous regulatory ecosystem services (Chambers-Ostler et al., 2023).

Outside of forests, the distribution of trees is often patchy and limited in highly urbanized
areas like cities and suburbs, mainly due to the density of buildings and paved surfaces, which
restrict the open space available for tree growth (Fahey & Casali, 2017). These areas often have
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limited diversity and are confined to street trees or small park-like areas (Fahey & Casali, 2017).
Similarly, the presence, size, shape, and distribution of urban built-up patches significantly
influence the presence and life form of native species, with shrubs and deciduous species being
more resistant compared to trees and evergreens (H. Wang et al., 2020). Many species are,
therefore, limited to only one type of land use (Bourne & Conway, 2014). Therefore, it is necessary
to differentiate between land uses when examining urban trees in future studies.

Table 4. Effects of land use type on spatial distribution of trees outside forests along urban-rural gradients

Deterfnlnant Indicator Result Conclusion Selected references
variable
Increased Negatively Negative (Anglaaere et al., 2011; Bazzato
urbanization in influence the et al., 2022; Bourne & Conway.
cities and presence and life 2014; Divakara et al., 2022;
suburban areas form of native Dobbs et al, 2013; Fahey &
species Casali, 2017; Helen et al., 2019;
Jiang et al., 2022; Nitoslawski &
Duinker, 2016; Nock et al., 2013;
H. Wang et al., 2020)
Residential land Encourages higher Positive (Kendal et al., 2012; Nitoslawski
uses tree species etal, 2017)
richness
Urban parks land Encourages higher  Positive  Inconsistent (McCoy etal., 2022)
use species diversity of results
trees
Presence of Supports a higher Positive (Bhatti et al., 2022; Shams et al.,
wider roads in tree richness and 2020)
urban areas diversity
Private land use Lower tree species  Negative (Gwedla et al., 2022)
diversity
Encourages a Positive (Chambers-Ostler et al, 2023;
higher native tree Nitoslawski & Duinker, 2016)
species diversity
Public land use Encourages larger Positive (Dobbs et al., 2013)
tree canopy
Level of urban Variation in the Positive/ (Puplampu & Boafo, 2021;
planning species composition negative Sikuzani et al., 2020, 2022)
and performance of
trees in planned
and unplanned
neighborhoods
Variation in Variation in plant Positive/ (Lietal., 2023)
landscape species richness negative
pattern
Agricultural land Encourages higher Positive (Kalema & Witkowski, 2012)
use tree density, and
species richness of
trees
Lower tree and Negative (Karp etal., 2012)
general plant
species diversity
Variation in Variation in tree Positive/ (Chameno, 2020; Jara et al.,
agricultural land  diversity and negative 2017)
use type densities
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The distribution of TOF becomes more diverse as we move away from densely populated
areas and into more suburban or ex-urban areas (Divakara et al., 2022; Nock et al., 2013). These
areas typically have a broader range of land uses, such as residential, commercial, institutional,
and agricultural. Within the sub-urban domain, the variation in land use types changes how trees
are established and maintained, the planting practices used, and ownership status, often
prompted by the various drivers of tree species composition (Nitoslawski & Duinker, 2016). In
rural areas, land use type influences the species composition, density, and species richness of trees
(Kalema & Witkowski, 2012). Within these rural domains, the three diversity indices (species
composition, density, and species richness) are significantly higher in land under cultivation and
charcoal production land uses when compared to land under grazing (Kalema & Witkowski,
2012). This is because, in these rural areas, trees may be present in areas with extensive
agriculture, such as windbreaks or shelterbelts, which may allow for an increase in the density of
trees and create opportunity for the introduction of non-native species, some of which have
proven invasive and may threaten the existence of native species. Therefore, future studies should

¢ Differentiate between land uses when examining urban-rural trees

o Identify the natural and human factors that influence the distribution of trees, such as land
use changes due to urbanization, agricultural expansion, and deforestation

e Examine the variation in the composition of tree species and diversity levels between land
use types in urban, suburban, and rural zones

e Investigate the impact of land use type on species composition, density, and species
richness of trees in urban, suburban, and rural areas.

3.3. Effects of community attitudes and perceptions on the spatial distribution of trees
outside forests

The studies reviewed indicate that the presence and management of trees in urban and rural
areas largely depend on the attitudes and perceptions of residents (Danquah, 2023; Di Cristofaro
etal., 2020; Jeong et al., 2023; Raskovi¢ & Decker, 2015), as shown at Table 5. For instance, most
respondents prefer natural landscapes with high levels of tree cover and dislike urban and rural
areas with no trees (Di Cristofaro et al., 2020). Trees are also a crucial factor influencing people's
willingness to stay or visit urban areas (Di Cristofaro et al., 2020). Consequently, the reasons for
planting and removing trees vary depending on the type of tree and the attitudes of the residents,
leading to diverse species composition and distribution of trees within a locality (Kirkpatrick et
al., 2012). Therefore, to influence residents' decisions on tree ownership and management, local
governments, managers, and planners need to address the variation in attitudes by segmenting
residents based on their attitudes.

People's perceptions of tree benefits vary depending on their spatial location, and different
studies indicate variations in perceptions of trees in rural and urban areas (Dorresteijn et al.,
2017; Paniotova-Maczka et al.,, 2021). These variations can be attributed to spatial differences in
cultural, social, technical, and climatic factors (Dorresteijn et al., 2017; Paniotova-Maczka et al.,
2021). For instance, people in rural areas tend to prefer provisioning tree benefits, while urban
people prefer cultural benefits (Paniotova-Maczka et al., 2021). Conversely, urban residents place
more value on provisioning ecosystem services, while rural residents place more value on
regulating ecosystem services. Both rural and urban residents value cultural ecosystem services
equally (Yang et al., 2019).

In rural areas, people perceive tree benefits based on their ecosystem services (Bhebhe et al.,
2023; Chauhan & Dogra, 2016; Chukwumaucheya, 2012; Sibelet etal., 2017). For example, farmers
are more inclined towards tree species with large canopies, which increase the potential for
providing ecosystem services such as air temperature regulation, erosion control, and wind-
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Table 5. Relationship between people's perceptions and spatial distribution of trees outside forests

Deterfnmant Indicator Result Conclusion Selected references
variable

Perceived Variation in tree Negative Negative (Danquah, 2023; Drew-Smythe et al., 2023;

potential danger  preference, hence a trend Jeong et al,, 2023; Paniotova-Maczka et al.,

or nuisance variation in the 2021; Saldarriaga et al., 2020)

associated with species composition,

trees diversity and

distribution of TOF

Variation in the Variation in tree Positive/ Inconsistent (Anglaaere et al., 2011; Arabomen et al.,

level of recognition preference, hence a negative results 2020; Basu et al., 2022; Bhebhe etal., 2023;

and attitudes variation in the Blanco et al, 2020; Chukwumaucheya,

towards tree species composition, 2012; Collins et al.,, 2019; Deng et al., 2017;

services and diversity and Di Cristofaro et al., 2020; Dorresteijn et al.,

disservices distribution of TOF 2017; Drew-Smythe et al.,, 2023; Fernandes
et al.,, 2018; Gwedla & Shackleton, 2019;
Jeong et al., 2023; Kici¢ et al., 2022; Kloster
et al., 2021; Lamichhane & Thapa, 2012;
Locke et al.,, 2015; Malik et al., 2021; Olive
etal., 2013; Olivero-Lora et al., 2020; Pati et
al., 2022; Rae et al, 2011; Raskovi¢ &
Decker, 2015; Saldarriaga et al, 2020;
Sambou etal., 2017; Smith & Sullivan, 2014;
Speak & Salbitano, 2021; Suchocka et al.,
2019; Wei etal., 2022)

Positive attitude & Variation in Positive  Generally  (Basu et al., 2022; Blanco et al, 2020;

perception preference for trees positive Collins et al., 2019; Dainese et al.,, 2017;

towards: with potential for trend Kici¢etal., 2022; Ngetal.,, 2015; Saldarriaga

a. Ecological providing the etal., 2020; Sebek et al., 2016; Sibelet et al.
benefits of trees specific ecosystem 2017; Zhang et al., 2020)

b.Provisioning services, hence a (Bhebhe et al, 2023; Chauhan & Dogra,
value of trees variation in species 2016; Chukwumaucheya, 2012; Sibelet et

composition, al,, 2017)

c. Social and density, and (Arabomen et al., 2020; Deng et al., 2017;
community diversity of TOF Drew-Smythe et al, 2023; Ferreira et al.
value of trees 2021; Gerstenberg & Hofmann, 2016; Hui &

J[im, 2022; Jim etal., 2021; Leets etal., 2022;
Pati et al., 2022; Speak & Salbitano, 2021;
Wolf et al., 2020)

d.Economic (Arabomen et al., 2020; Danquah, 2023;

benefits of trees Drew-Smythe et al., 2023; Hanisah et al.,
2012; Jeong et al., 2023; Malik et al., 2021;
Ngabinzeke et al., 2021; Plant et al., 2017;

Speak & Salbitano, 2021)
Attitudes towards Positive or negative Positive/ Inconsistent (Dilley & Wolf, 2013; Drew-Smythe et al.,
Size and shape of influence on the negative  results 2023; Etshekape etal., 2018; Gerstenberg &

trees

diversity, species
composition and
distribution of TOF

Hofmann, 2016; Ngabinzeke et al., 2021)

Attitude towards
the geographic
origin of trees, i.e.
whether native or
exotic

Influence the species Positive/n Variable

choice for TOF egative

results

(Almas & Conway, 2018; Kirkpatrick et al.,
2012)
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breaking (Arabomen et al., 2020; Blanco et al., 2020; Chukwumaucheya, 2012; Danquah, 2023;
Ferreira et al., 2021; Hui & Jim, 2022; Isaifan & Baldauf, 2020; Jeong et al,, 2023; Jim et al., 2021;
Jones et al,, 2013; Leets et al., 2022; Malik et al., 2021; Moffat, 2016; Sibelet et al., 2017).

In urban areas, trees are perceived to promote social cohesion, and contribute to general
human well-being (Ferreira et al., 2021; Gerstenberg & Hofmann, 2016; Hui & Jim, 2022; [im et al.,
2021; Leets et al., 2022; Wolf et al., 2020). They also offer a wide range of economic benefits
(Donovan & Butry, 2011; Gilchrist et al., 2015; Hanisah et al.,, 2012; Leets et al,, 2022; Plant et al.,
2017; Raskovi¢ & Decker, 2015; Shickman & Rogers, 2020). Additionally, urban trees provide
visual and aesthetic benefits, cultural diversity, heritage values, historical and symbolic values,
creating a sense of connectedness to past experiences and contributing to people’s appreciation
for life. This explains why individuals may want to plant and maintain specific tree species
(Arabomen et al., 2020; Deng et al., 2017; Drew-Smythe et al., 2023; Pati et al., 2022; Speak et al.,
2021). Therefore, future studies should conduct place-based research to understand local
perceptions of trees and to provide relevant policy guidelines for tree conservation.

3.4. Relationship between socio-economic status and the spatial distribution of trees

outside forests

Socioeconomic factors play a significant role in people's attitudes towards and willingness to
establish and maintain trees in both rural and urban settings (Table 6). However, the distribution
and density of trees in these areas can vary due to these factors (Blanco et al., 2020; Collins et al.,
2019; Danquabh et al., 2023; Graca et al., 2018; Hanisah et al., 2012; Koyata et al., 2021; Pistén et
al., 2022; Suchocka et al., 2019). Understanding the relationship between socioeconomic aspects
and the spatial distribution of trees is crucial for comprehending the dynamics of green
infrastructure and its role in the spatial ecology of other species. Nevertheless, there is a lack of
adequate literature on the relationship between people's demographic factors (e.g., age, gender,
income, and education) and their support for tree protection (Bucheli & Bokelmann, 2017).

Furthermore, different socioeconomic factors can impact tree diversity and distribution
outside forests in various contexts and regions (Shams et al., 2020; Su et al., 2022). For example,
in Ethiopia, there is a significant positive relationship between land-holding size in farmlands,
species abundance, and basal areas, but a negative relationship with species richness (Endale et
al., 2017). Similarly, land ownership status significantly influences the characteristics of trees,
such as their composition, structure, and overall health (Etshekape etal., 2018; Puplampu & Boafo,
2021; Raeetal., 2011; Sikuzani et al., 2020). For instance, studies have shown that trees on private
lands have a specific trunk diameter, are shorter, and have smaller crown areas than those on
public lands Chambers-Ostler et al. (2023). However, these trees exhibit higher diversity and
better conditions (Chambers-Ostler et al., 2023). Hence, further research on trees outside forests
and their relationship with socioeconomic and demographic factors is necessary to understand
dense urban morphologies and enable inter-city comparisons (Dobbs et al., 2013; McCoy et al.,
2022; Sikuzani et al., 2020).

3.5. Future research

This review has identified several gaps in the literature that need to be addressed to advance
the field of urban forestry. Firstly, there is no consensus on the impact of distance from urban
centers on the spatial distribution of tree populations in terms of species composition, density,
diversity, and arrangement patterns. Future research should investigate this, particularly
emphasizing their distribution of trees along urban-rural gradients in both small towns and cities.

Secondly, most studies have focused on assessing tree populations in specific land use types,
such as agricultural, urban, or suburban land uses. This has resulted in lack of literature on how
tree populations are distributed in different land use types, particularly along the urban-rural
gradient. Additionally, more research has been conducted in major cities, leaving a gap in the
literature concerning small towns and cities, especially in developing and undeveloped countries.
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Table 6. Effects of socio-economic factors on the spatial distribution of trees outside forests

Deterfnlnant Indicator Result Conclusion Selected references
variable
0ld age encourages a (Abdulmalik et al., 2020;
positive attitude towards Arabomen etal., 2021; Collins et
trees; hence, more trees in al., 2019; Deng et al.,, 2017;
the residences of older Positive Gwedla et al., 2022; Koyata et al.,
residents 2021; Linetal., 2021; Nawaz et
Age of Inconsistent al., 2022; Pistén et al., 2022;
residents results Suchocka etal., 2019)
0ld age creates a negative (Danquah et al., 2023; Fernandes
attitude towards trees; etal., 2018; Jeong et al., 2023)
hence, less trees in the Negative
residences of older
residents
Gender differences (Blanco et al., 2020; Collins et al.
influence people's 2019; Danquah etal., 2023; Deng
attitudes, perceptions, and etal, 2017; Graca etal., 2018;
willingness to establish ~ Positive/ne Hanisah etal., 2012; Hui & Jim,
and retain trees. gative 2022; Koyata et al., 2021; Lin et
al., 2021; Malik et al., 2021;
Gender Inconsistent Nawaz et al., 2022; Pist6n et al.,
1 2022; Suchocka etal., 2019
Female household resuits (Danquah etal., 2023; Lin etal.,
headship positively 2021; Suchocka et al., 2019)
influences the Positive
establishment/retention
of trees
Higher education levels (Arabomen et al., 2021; Blanco et
positively influence tree al., 2020; Chameno, 2020;
growing and retention of Etshekape et al., 2018; Fernandes
TOF Positive etal., 2018; Graca etal., 2018;
Level of Hanisah et al., 2012; Jones et al.,
education Generally 2013; Kendal et al., 2012;
positive trend Lockwood & Berland, 2019;
Suchocka et al., 2019)
Higher education levels (Almas & Conway, 2018)
negatively influence TOF Negative
growing
Type of Better dwellings are (Abdulmalik et al., 2020; Danquah
dwellings associated with high Positive etal., 2023; Jeong et al,, 2023;
species diversity and Positive trend Saldarriaga et al., 2020)
densities
Ethnicity Ethnic differences (Danquah et al.,, 2023; Lin et al.,
influence people's s 2021)
attitudes and willingness POS'lthe/ "€ Inconsistent
to establish and retain gative results
trees.
Profession Professionalism positively (Arabomen etal., 2021; Nawaz et
influences people's al., 2022)
perceptions and Positive

willingness to support
tree care activities

Positive trend
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Table 6. Effects of socio-economic factors on the spatial distribution of trees outside forests (cont’d)

Deterfnlnant Indicator Result Conclusion Selected references
variable
Length of time The longer time spentin  Positive Positive trend (Arabomen etal., 2021; Nawaz et

spent in urban
areas

urban areas positively
influences people's
attitudes and willingness
to support tree care
activities

al. 2022)

Land

ownership,
tenure and
right of use

Land ownership status
significantly influences
TOF species composition,
structure, and overall
health

gative

Positive/ne Inconsistent

results

(Chambers-Ostler et al., 2023;
Dobbs et al., 2013; Duguma &
Hager, 2010; Endale et al., 2017;
Etshekape et al., 2018; Hui & Jim
2022; Kirkpatrick et al., 2012;

Legesse & Negash, 2021; Olivero-
Lora etal., 2020; Puplampu &

Boafo, 2021; Rae et al., 2011;
Rossi et al., 2016; Sikuzani et al.
2020)

Location of
water source

Proximity to water Positive
sources positively

influences TOF in terms of

species composition,

diversity, and density

Positive trend (Etshekape etal., 2018; Legesse &

Negash, 2021; Olivero-Lora et al.
2020)

Variation in Brings about unevenness Positive/ Inconsistent (Etshekape etal, 2018; Legesse &
species in the distribution of TOF negative  results Negash, 2021; Olivero-Lora et al.,
preference and in terms of species 2020)

management composition, diversity,

practices and density

Residents’ Knowledge of ecosystem Positive Positive (Arabomen et al., 2020)
knowledge of  services positively tendencies

ecosystem influences people’s Research still

services willingness to take part in scarce

tree conservation
programs

Income level  High-income levels Positive Inconsistent (Danquah etal., 2023; Hui & Jim,
positively influence the results 2022; Lin etal., 2021; Lockwood
growth and retention of & Berland, 2019; Malik et al.
trees 2021)

High income does not Negative (Arabomen etal., 2020; Cubino &
positively influence Retana, 2023; Olive et al., 2013)
people’s inclination

towards planting trees,

and does not positively

influence the richness and

abundance of trees

Landholding  Large land sizes Positive Generally (Abdulmalik et al., 2020;

size encourage TOF species Positive Chameno, 2020; Duguma &
diversity, abundance and tendencies Hager, 2010; Endale etal., 2017;
basal areas Etshekape et al., 2018; Legesse &

Negash, 2021)
Large land sizes (Endale etal., 2017)
negatively influence Negative
species diversity
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Therefore, future research should provide insight into the impact of land use type and land use-
related factors on the spatial distribution of tree populations along urban-rural gradients and
compare them in large and small towns and cities.

Lastly, understanding people's attitudes and perceptions towards trees, their ecosystem
services, and disservices is crucial for making green space management decisions with significant
implications for urban and rural sustainability. Hence, future research on people's perceptions of
tree populations should be conducted in different localities to provide local policy guidelines.
Comparative studies across cities and countries are also needed to help strategic policymaking.
Furthermore, future research should assess people's perception of specific tree species rather
than just trees in general and examine how these perceptions vary with socioeconomic
inequalities.

4. Conclusion

Over the last decade, research on how urbanization factors affect the distribution of TOF has
increased. However, there are still many gaps in our understanding of how urban expansion
affects the presence, location, and diversity of trees, especially along the urban-rural gradient.
Understanding how different drivers influence the composition, diversity, density, and spatial
arrangement of TOF species remain a challenge. A review of existing literature found that the
spatial distribution of TOF varies significantly along the urban-rural gradient, with a combination
of factors independently or collectively explains this variation. These factors include land use type,
socio-economic factors, residents' attitudes and perceptions, and proximity to urban centers.
Studies conducted in developed and developing countries also show varying trends in biodiversity
change along urban-rural gradients and land use categories. Similarly, different urban factors
impact TOF distribution differently in both small and large cities, with variations dependent on
specific geographical contexts. Therefore, more research is needed in different urban contexts to
understand the factors driving changes in TOF diversity and to elucidate whether there are
variations in outcomes from urban-rural TOF across other localities.
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