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Abstract: Urban green spaces are linked to good human health and well-being, sustainable cities and
communities, climate action, life on land and under water, as well as offering a platform for quality
nature-based education. Their efficient management will no doubt be necessary if strides are to be
made in efforts to protect biodiversity and enhance ecosystem service delivery in urban areas. This
will, in part, require building the capacity of community members as citizen scientists to take up
conservation roles. This study explored the levels of biodiversity and the proxy-based ecosystem
service potential of urban green spaces in Sunyani, Ghana, using citizen science approaches. The
green spaces accessed were the University of Energy and Natural Resources Wildlife Sanctuary and
Arboretum, the Sunyani Parks and Gardens, the Sunyani Residency Park, and the Sunyani Senior
High School Woodlot. The different levels of biodiversity (trees, arthropods) and ecosystem services
were observed for the five green spaces assessed, with a significant relationship observed between
arthropod communities and vegetation variables. Our results showed that citizen scientists perceived
urban green spaces to supply more significant provisioning and regulating services than any other
ecosystem services, even though they were highly dissatisfied with how green spaces are managed.
The children’s perception of the composition of nature was slightly narrow, as they largely centered
on plants and animals only. Even so, their awareness of the value of nature was high, as were the
threats of human activities to nature. Citizen science approaches could complement biodiversity
studies in data-deficient regions; however, collected data may require additional verification and
validation from experts for conclusive and better inferences.

Keywords: environmental education; nature conservation; participatory science; sustainable
development goals; urbanization

1. Introduction

More than half of the world’s population (about 54%) presently lives in urban areas
(cities and towns), a setting with incredible biodiversity, but sparsely explored in some
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regions in terms of biodiversity research and knowledge dissemination [1,2]. The urban
population is projected to increase to about 66% by 2050, with most growth occurring
in developing countries [3]. This growth is thus expected to present immediate and
future challenges to urban ecosystems, as it can influence how people perceive, appraise,
and interact, with green spaces within urban settings [4,5]. Approaches to counteract or
minimize the anticipated urbanization challenges, while enhancing urban resilience, could
embroil nature-based solutions (i.e., integrating ecosystem-based approaches to addressing
societal issues such as climate change, human health and well-being [6]. This may include
the creation of green facilities or the maintenance of existing ones in accordance with the
United Nations Sustainable Development Goal 11 (Sustainable cities and communities [7])).

Urban green spaces (UGSs) are natural and semi-natural ecological systems that are
either completely or partially covered with grass, trees, and other forms of vegetation, in
urban areas [8,9]. Green spaces have long been recognized as having enormous benefits,
from social vitalities to environmental well-being [10,11]. In addition, UGSs offer several
ecosystem services to local human communities [12] through the direct mitigation of urban
temperatures, improving overall air quality [13], mitigating floods and run-off [14], serving
as recreation grounds, supporting biodiversity, and improving food security [10]. Hence,
urban green spaces help in achieving critical sustainable development goals, including:
good health and well-being (Goal 3); inclusive and equitable quality education, a platform
for nature-based training programmes (Goal 4); sustainable cities and communities (Goal
11); climate action (Goal 13); life below water (Goal 14); and life on land (Goal 15) [7].
The capacity of UGSs to support biodiversity and provide ecosystem services is driven
by factors including: their landscape configuration; the quality and quantity of green
facilities; the effectiveness of management approaches; human population density; and the
maintenance of functions and processes within such ecosystems [15,16].

Notwithstanding the socio-economic, cultural, and environmental contributions, of
UGSs in most parts of the world, they remain marginalized in many national and re-
gional management programmes, especially in developing countries [11], and suffer from
encroachment, destruction, and land-use transformation, which limits their capacity to
support biodiversity and ecosystem service provision [10,17]. For instance, a lack of coordi-
nation among stakeholders and land-tenure issues led to a remarkable reduction in the size
of green spaces in Ghana’s garden city of Kumasi [18]. Similarly, Puplampu and Boafo [19]
highlighted a lack of and/or poor planning by city authorities as the cause of the reduction
in green spaces (dense vegetation and grassland) from about 59 km2 (1991) to about 21 km2

(2018) in the city of Accra. Likewise, Guenat et al. [20] identified the lack of coordination
and community participation, as well as population growth, as some underlying factors
impeding efficient UGS management and the services they provide in Malawi.

It is obvious that the effective management of UGSs in developing regions will no
doubt be needed if strides are to be made in efforts to protect biodiversity and enhance
ecosystem service delivery in urban areas. Management and planning should hence be
community-focused, involving participatory community engagement, which could equip
all communities with the relevant skills to make informed conservation decisions. Several
forms of participatory community engagements in urban green space management have
evolved, including citizen science. In citizen science, non-professional local volunteers
collaborate with professional researchers to collect scientific data and carry out public
outreach [21–23]. Most citizen science programmes aim to promote good environmental
stewardship and enhance scientific literacy and social capital [22,24], while collaboratively
addressing various societal challenges with scientists and non-scientific volunteers [25].
These volunteers usually help set the agenda for the project, contribute to the project design,
and assist in data collection, result interpretation, and dissemination [21].

Individuals or the public tend to visualize, feel, and perceive nature in myriad ways,
affecting how they value green spaces. People exposed to nature are more environmentally
conscious than those isolated from nature [26]. People and nature are tied by interconnec-
tivity that can be premised on affective and emotional responses, and ultimately reflected
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in people’s perceptions of their environment and their articulation of them [27]. In terms of
understanding places, spaces, and their use, it is helpful to consider perceptual dimensions
and to explore, for example, the user’s perceptions of places and preferences for places and
landscape styles [28]. Exploring nature and how people perceive nature provide insights
into human-nature integration [29].

Although several studies have been conducted on UGSs in Ghana and worldwide [11,30],
most of these works have, in principle, utilized limited citizen science approaches. More
importantly, there is a paucity of knowledge on citizen science research in most developing
countries, including Ghana. To the best of our knowledge, this study represents the first
assessment of the biodiversity and ecosystem service potential of urban green spaces in an
understudied region of the world (Ghana) using a citizen science approach. Specifically,
we: (i) assessed the levels of biodiversity and proxy-based ecosystem services of five green
spaces in Ghana through field-based sampling approaches, (ii) explored the perception
of the public of the state of UGSs as well as the ecosystem services derived from UGSs
using the semi-structured questionnaire survey, and (iii) solicited children’s views of what
nature means to them as well as their willingness to care and protect nature based on
an environmental perception scale. Applying the citizen science approach may offer an
in-depth understanding and practical experience of the biodiversity attributes and the
various ecosystem services of UGSs, and how they can be sustainably managed for the
perpetual flow of benefits to societies in this era of global climate change.

2. Materials and Methods
2.1. Study Area

The study was conducted in Sunyani, the capital of the Bono Region of Ghana. Sun-
yani is located on a transitional agro-ecological belt between latitude 7◦55′51.53′′ N and
longitude 1◦40′49.01′′ W and covers an area of approximately 829.3 km2 [31]. Sunyani is
one of the fastest growing cities in Ghana, with population growth increasing from 123,224
(2010) to 193,595 (2021) and approximately 59% of the population living in urban areas [32].
Sunyani is characterized by several patches of green spaces covered with grasses, lower
structure vegetation and a mixture of indigenous and exotic tree species on the periph-
ery and within the city. The green spaces studied within the city of Sunyani are: (1) the
University of Energy and Natural Resources Arboretum, (2) the University of Energy and
Natural Resources Wildlife Sanctuary, (3) the Sunyani Residency Park, (4) Sunyani Parks
and Gardens, and (5) Sunyani Senior High School (SUSEC) Woodlot (Figure 1; Table 1).
Because of the relatively high temperature and humidity of Sunyani [33], these green
spaces are tipped to play several roles in climate change mitigation, while providing several
ecosystem goods and services to residents.

The University of Energy and Natural Resources Wildlife Sanctuary (hereafter re-
ferred to as the UENR Wildlife Sanctuary; Green space 2) is located at latitude 7◦20′49.01′′

N, longitude 2◦20′33.8′′ W, and covers an area of approximately 3.67 hectares. Its tree
composition includes both indigenous (e.g., Ceiba pentandra, Mansonia altissima, Griffonia
simplicifolia, Terminalia superba, Triplochiton scleroxylon, Newbouldia laevis, Spathodia campanu-
lata, Khaya senegalensis) and exotic (e.g., Tectona grandis, Senna siamia, Eucalyptus grandifolia)
trees serving as habitats for several wildlife species (Table 1). Just adjacent to the Wildlife
Sanctuary is a bat-colonized arboretum (hereafter referred to as the UENR Arboretum;
Green space 1). The arboretum covers an area of approximately 0.68 hectares on latitude
7◦20′56.55′′ N, longitude 2◦20′31.03′′ W. In addition to the arboretum characteristic canopy
tree cover (e.g., Solanum erianthum, Triplochiton scleroxylon, Ceiba pentandra, Deloniix regia,
Holarrhena floribunda, Newbouldia laevis, Broussonetia papyrifera, Azadiractha indica, Ficus
exasperata, Morus mesozygia), the understorey is predominantly covered with grasses and
some flowers, giving some atheistic landscape appeal. The arboretum had the name “Bat-
Colonised Arboretum” because most canopy trees are colonized by Eidolon helvum (Straw
Colored Fruit Bats), which often defoliates tree bark, feeds on the fruits of trees and uses
tree canopies as habitat [34]. The Sunyani Residency Park (Green space 3) covers an area
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of about 5.67 hectares, located on latitude 7◦20′39.98′′ N, longitude 2◦20′25.11′′ W, and
characterized by multi-layered grass cover and avenue tree species (e.g., Albizia lebbeck,
Eucalyptus camaldulensis, Pachira glabra, Khaya senegalensis, Allamanda cathartica, Tabernaemon-
tana elegans, Hibiscus rosa-senensis, Phyllostachys aurea, Furcraea foetida). Sunyani Parks and
Gardens (Green space 4) is a recreational park located in the middle of Sunyani township,
closer to the Sunyani branch of the Bank of Ghana, and lies at latitude 7◦20′12.72′′ N
longitude 2◦19′57.85′′ W covering an area of about 18.98 hectares. The Parks and Gardens
are occupied by tree and shrub species such as Azadirachta indica, Gmelina arborea, Ficus
vasta, Cedrela odorata, Pethecellobium dulce, Peltophorum pterocarpum, Blighia sapida, Millettia
thonningii, Albizia saman, Lagerstroemia speciose, Cereus hexaqonus, and Bauhinia purpurea.
At the entrance of Sunyani Senior High School is about 1.95 hectares of woodlot (Green
space 5) consisting of Tectona grandis and Anacardium occidentale to provide shade and
food resources and to meet the school’s energy needs. The woodlot is located at latitude
7◦19′6.50′′ N and longitude 2◦18′42.33′′ W.
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2.2. Data Collection Procedure

Data collection was in two phases: a direct field sampling for biodiversity (based on
tree species diversity and arthropod taxonomic richness) and ecosystem services potential
(based on proxies) of the green spaces (Table 2), and an indirect perception survey where
participant’s views about the potential ecosystem services they perceived to obtain from
urban green spaces were solicited through semi-structured questionnaires.
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Table 1. List of green spaces studied, with their locations and characteristics.

Green
Space

Number
Name Location Size

(ha) General Characteristics Vegetation Composition

1 UENR
Arboretum

7◦20′56.55′′ N,
2◦20′31.03′′ W 0.68

Consist of canopy trees which
are colonised by Straw Colored
Fruit Bats (Eidolon helvum). The
terrain is usually flat and
covered by extensive grass layer

Composed of a mixture of
indigenous and exotic canopy
tree species

2 UENR Wildlife
Sanctuary

7◦20′49.01′′ N,
2◦20′33.80′′ W 3.67

A fenced area for wildlife
mainly for research purposes.
Consist of multi-layered trees
and shrubs

Composed of both indigenous
and exotic emergent trees
species

3 Sunyani
Residency Park

7◦20′39.98′′ N,
2◦20′25.11′′ W 5.67

Characterised by multi-layered
tree species, different types of
grasses and flowers

Dominated by exotic species
(mainly Eucalyptus
camaldulensis) and some few
indigenous tree species

4 Sunyani Parks &
Gardens

7◦20′12.72′′ N,
2◦19′57.85′′ W 18.98

A recreational ground with few
emergent tree species, flowers
and extensive grass layer

Dominated by exotic species
(mainly Gmelina arborea, and
Cedrela odorata) and some few
indigenous tree species

5 SUSEC Woodlot 7◦19′6.50′′ N,
2◦18′42.33′′ W 1.95

A woodlot dominated mainly
by Tectona grandis and
Anacardium occidentale with food
crops planted in between

Composed only of Tectona
grandis and Anacardium
occidentale

Table 2. Biodiversity components and ecosystem services studied (based on proxy; adopted and
modified with permission from Damptey et al. [35].

Biodiversity Ecosystem Services (ES)

Tree species diversity

ES Proxies ES Categories

Food tree biomass

Provisioning
Fuelwood tree biomass

Medicinal tree biomass

Timber

Arthropod taxonomic richness
(e.g., spiders, insects)

Predator numbers
Regulating

Carbon storage

Decomposer numbers
Supporting

Tea bag index (Nutrient cycling)

Tree species richness Cultural

2.2.1. Participant Selection and Training

The selection of participants as citizen scientists started with a workshop (to introduce
participants to the concept of biodiversity and citizen science), followed by focus group
discussions (to solicit people’s indigenous views on the importance of nature). Citizen
scientists comprised 150 adolescents and adults (high school, university, and nonstudents)
and 120 children from six basic schools (participants selected from upper primary) in the
Sunyani metropolis, Ghana. Head teachers of all primary schools gave informed consent
for their pupils to participate in the survey. In addition, parents or guardians also gave
written consent before their children were allowed to participate in the project. Schools
were selected based on their location (close to Sunyani) and the availability and motivation
of schools to host the citizen science project. Citizen scientists were then trained in plot
demarcation and sampling for basic biodiversity attributes (trees and arthropods) and
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encouraged to adopt the principle of “do-it-yourself” to sampling biodiversity attributes
(measuring tree diameter, height, canopy, among others) in urban green spaces. Citizen
scientists were exposed to the decomposition experiment by burying tea bags for 90 days
and monitoring, harvesting, drying, and weighing the tea bags for decomposition rate
estimation. In addition, they were guided to carry out arthropod sampling using the beating
tray, and pitfall traps, sorted arthropod samples into taxonomic groups, and measured tree
diameter (Figure 2).
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Figure 2. Demonstrating how the beating tray is used for sampling arthropods (A), sorting pitfall
trap catches to morphospecies or taxonomic groups (B), identifying arthropod samples to taxonomic
groups (C), and measuring tree diameter (D), by citizen scientists.

2.2.2. Biodiversity and Proxy-Based Ecosystem Services Data Collection

For each green space selected, citizen scientists demarcated six plots with sizes of
20 m × 20 m based on the standardized pacing method. Plot measurements were verified
with a 50 m measuring tape by experts. Participants were trained and guided to sample
biodiversity attributes (plants and arthropods) in the five urban green spaces. Based on
indigenous knowledge and experience, we counted, recorded, and identified all trees with
a diameter≥ 10 cm at breast height (dbh) to species (based on local names), while assigning
local uses to each identified tree. Local tree names were verified, each assigned a scientific
name by an experienced botanist (taxonomy was after Hawthorne and Jongkind [36]).
Individual tree dimensions were measured or estimated (diameter measured with either di-
ameter tape or a digital caliper, height of trees estimated using a Nikon Forestry pro II Laser
Rangefinder, percentage tree canopy openness estimated from pictures taken with a digital
camera). Enumerated tree species were then classified into proxy-based ecosystem services
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following Damptey et al. [35]. Based on individual tree dimensions (measured diameter,
estimated height and specific wood density values obtained from the Global Wood Density
Database [37]), we estimated tree above-ground biomass using an improved allometric
equation for the tropical region [

(
ln(AGB) = α + β ln

(
p × D2 × H

)
+ ε; [38]]. We

then assumed 50% of the above-ground biomass of each tree as the carbon stock at the
stand level [39]. Other plot scale variables, such as litter depth (measured with a 30 cm
ruler at the corners and the center of the plot) and vegetation cover (analyzed from images
taken with a digital camera on mid-sunny days), were also recorded on the plot level by
citizen scientists.

Arthropods were sampled with pitfall traps (locally constructed from transparent
disposable cups with sizes 400 × 518 mL) and covered with biodegradable plates with a
164 mL radius to prevent dilution of trap liquid by rain. Traps were also covered with a
selective wire grid to avoid litter-fall and to minimize by-catch. For each plot, we installed
five pitfall traps (four at the corners and one in the center) flush with the ground to sample
the activity density of epigeal arthropod fauna. Pitfall traps were filled with a 50:50%
mixture of propylene glycol and water, and samples were emptied weekly, with sampling
lasting for 10 weeks. Catch samples were stored in 70% ethanol and later sorted into
taxonomic groups (order, suborder) by citizen scientists (with guidance from experienced
taxonomists) in the laboratory. Samples were classified into major feeding groups as
proxies for ecosystem service-providing organisms (decomposers, predators) following
Damptey et al. [35].

We quantified the rate of decomposition as a proxy for nutrient cycling in each green
space using the tea bag index approach [40]. Thirty red (Lipton Rooibos Tea) and green
(Lipton Green Tea Sencha) tea bags were buried in each urban green space for 90 days. We
harvested 10 bags for each color per green space at 30-day intervals, followed by drying
and weighing in the laboratory for specific weight loss and calculating the decomposition
rate constant.

2.2.3. Perception-Based Ecosystem Services Data Collection

The citizen scientists’ perceptions of biodiversity attributes and the benefits of urban
green spaces in terms of ecosystem service provision were revealed through semi-structured
questionnaires comprising both closed and open-ended questions. In all, 150 questionnaires
were distributed to citizen scientists to solicit their views on the importance of urban green
spaces. Specific themes, including the type of green spaces, their level of relevance to
people, the frequency at which they visit and their reasons for visiting green spaces, were
revealed through a questionnaire survey. In addition, people’s perceptions about the
types of ecosystem services offered by the urban green spaces were also revealed through
similar questionnaires. Furthermore, people’s level of satisfaction with the quality and
management of urban green spaces was revealed, in addition to some possible suggestions
for improving urban green spaces to enhance their ecosystem service delivery.

Basic school children in the upper primary (from classes 4 to 6) between the ages of
8 and 14 were engaged to unravel their perceptions of nature and what nature means to
them. Overall, 120 questionnaires were administered across six basic schools in the Sunyani
metropolis. In assessing children’s interests, attitudes, perceptions, and concerns towards
nature, we adopted the Children Environmental Perception Scale [41] and Love and Care
for Nature Scale [42]. Accordingly, the Children Environmental Perception Scale measures
children’s interests in nature and their attitudes and concerns about environmental issues
based on 16 agree/disagree statements on a five-point scale (1; strongly disagree, 5; strongly
agree; [41,43]). Similarly, the Love and Care for Nature Scale measures an individual’s
emotions that translate into their responsibilities and commitments to protect nature based
on selected statements on a seven-point scale (1; strongly disagree, 7; strongly agree; [42,43].
Each question was read aloud multiple times and translated into one of the most common
local languages (Twi) to prevent any form of misunderstanding. Children were given
ample time to respond to each statement and encouraged to ask questions and provide
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candid answers, as their anonymity was assured. The children confirmed their choices for
each statement by thumb printing, circling, or crossing with a pen, which they feel relates
to them most.

2.3. Data Analysis

The final analysis for the study was made based on 120 out of 150 questionnaires
retrieved from citizen scientists and 120 retrieved from basic school children. The data
obtained were transferred into Microsoft Excel for further processing. Descriptive statistics
were used to summarize the data gathered from the respondents. The results were pre-
sented using tables, graphs, and radar plots. To ensure that our findings met the desired
rigor, the preliminary results were shared with citizen scientists in participating schools for
their input, feedback and clarification, which helped refine the results presented.

Biological data were log-transformed (log(x + 1)), and habitat attributes were normal-
ized for further analysis. Significant differences for all attributes between green spaces
were evaluated with a one-factorial permutation multivariate analysis of variance (PER-
MANOVA) design based on the Bray-Curtis similarity measure and unrestricted permu-
tation (N = 9999) with “green space” as a fixed factor and plots nested in green space as
random factors [44,45]. Multivariate relationships between plots and ecosystem service
proxies were graphically represented with a non-metric multidimensional scaling ordina-
tion (NMDS) based on GOWER similarities. Significant proxies were further superimposed
as vectors on the NMDS ordination based on Pearson correlation coefficients, and the
goodness of fit of the ordination was evaluated using the stress value [44]. The explanatory
power of vegetation attributes on the differences in arthropod communities was evaluated
with a distance-based linear model (DistLM) using the BEST selection procedure and R2

criterion at a permutation of 9999 [46]. We performed all statistical analyses and visualized
our results with the PRIMER version 7 [47], Microsoft Excel or the R software (version
2.15.3; [48]).

3. Results
3.1. Field Sampling of Biodiversity Attributes
Biodiversity Attributes of the Urban Green Spaces

Overall, 51 plant species were enumerated across the five green spaces and assigned
to five uses (timber, food, fodder, fuelwood, and plant-derived medicine; Appendix A
Table A1). Tree biodiversity differed significantly between the five UGS(s) (F4,25 = 12.53;
p < 0.001; Figure 3A), with the Wildlife Sanctuary being the most diverse tree community
characterised by the dominance of Ceiba pentandra, Triplochiton scleroxylon, Eucalyptus gran-
difolia, Tectona grandis and Senna siamea. On the other hand, Azadirachta indica and Gmelina
arborea were the dominant trees in the Parks and Gardens, and only two tree species (Tectona
grandis and Anacardium occidentale) were found in the Woodlot plots.

Arthropod taxonomic richness also differed significantly between the green spaces
(F4,25 = 98.04; p < 0.001; Figure 3B). Similar to the tree diversity, the Wildlife Sanctuary has
a significantly higher taxonomic richness compared to the other green spaces. However,
lower taxonomic richness was recorded for the Woodlot and Parks and Gardens plots.
The Residency Park plots were characterized by a higher activity density of Araneae
and Orthoptera, Orthoptera and Hymenoptera characterized the Woodlot, Orthoptera and
Coleoptera characterized the Wildlife Sanctuary, and Orthoptera and Araneae characterized
the Parks and Gardens. In contrast, the Arboretum was characterized by higher activities
of Orthoptera, Coleoptera and Hymenoptera. Arthropod community composition differed
between the Arboretum and the Residency Park (t = 2.34; p = 0.004), Arboretum and
Woodlot (t = 4.53; p = 0.006), Arboretum and Parks and Gardens (t = 3.66; p = 0.003),
Residency Park and Woodlot (t = 6.01; p = 0.001), Residency Park and Wildlife Sanctuary
(t = 2.56; p = 0.011), Residency Park and Parks and Gardens (t = 4.05; p = 0.003), Woodlot
and Wildlife Sanctuary (t = 2.86; p = 0.012), Woodlot and Parks and Gardens (t = 2.26;
p = 0.002) and Wildlife Sanctuary and Parks and Gardens plots (t = 2.80; p = 0.003). However,
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no statistically significant difference was observed between the Arboretum and the Wildlife
Sanctuary (t = 1.19; p > 0.05).
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Figure 3. Box plots of (A) tree diversity, and (B) arthropod taxonomic richness in the five urban green
spaces (N = 6 per green space). The line represents the median value, the box limits are the 25th and
75th percentiles, and error bars show the 10th and 90th percentiles on a log scale.

3.2. Relationship between Arthropod Taxonomic Groups and Vegetation Characteristics across the
Green Spaces

A significant relationship was observed between arthropod communities and vege-
tation variables (p < 0.001), with the first principal axis explaining 74% of the variation
(p < 0.001) and the second axis explaining 14% of the total variation (p = 0.004). The CCA
triplot showed that Termitidae and Scopiones were closely associated with a higher pro-
portion of litter depth and a higher percentage of canopy closure in the Wildlife Sanctuary.
Hymenoptera and Orthoptera were also associated with higher percentages of grass cover
in the Residency Park (Figure 4).
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Figure 4. Ordination diagram showing the results of the CCA triplot of arthropod taxonomic
communities and vegetation variables of the urban green spaces (Green cluster = Sunyani Parks and
Gardens, Blue = UENR Arboretum, Pink = Sunyani Residency Park, Gray = UENR Wildlife Sanctuary,
Orange = SUSEC Woodlot.

3.3. Ecosystem Services of the Urban Green Spaces

A joint multivariate analysis of all ecosystem service proxies revealed statistically
significant differences between the green spaces (F4,25 = 26.78; p < 0.001). Three main
clusters were observed, with Parks and Gardens and the Woodlot plots being uniquely
separated from the other green spaces. Most of the ecosystem service proxies showed
a higher affinity to the Wildlife Sanctuary, but ecosystem service-providing organisms
(decomposers, predators) showed a higher affinity to the plots in the Arboretum and the
Residency Park (Figure 5).
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Figure 5. Non-metric multidimensional scaling ordination based on Gower similarities between
plots of different green spaces and values for all ES proxies. The 2-d stress value is 0.08. (N = 6 per
green space). Vectors are superimposed for all nine ES proxies with vector length scaled according to
Pearson correlation coefficients (0.2) with green space scores along both NMDS axes.

3.4. Citizen’s Perception of Ecosystem Services Provisioning of Urban Green Spaces
Respondent Demographic and Social Profile

Out of the 150 questionnaires distributed to citizen scientists, 120 were retrieved,
representing an approximately 80% response rate. Of these, 48% were male, and 52% were
females, with ages ranging from 18 to 65, with the dominant participant’s age ranging
between 20 to 29 years (73%) and under 20 years (11%). Approximately 83% of the re-
spondents had some level of education, with the majority being undergraduate students
(50%; Table 3). Most respondents (98%) find the UGS to be relevant, with most of them
preferring community forest (57%) to either park (38%) or woodlot (4%). However, the
majority of respondents visit their preferred UGS occasionally (56%) to relieve stress (45%),
to have some quietness (26%), for its aesthetic nature (17%), or as a sense of belonging (12%;
Figure 6).
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Table 3. Citizen scientists’ demographic characteristics.

Demographic Attributes Number of Respondents Percentage (%)

Gender
Male 58 48.33
Female 62 51.66

Age
<20 13 10.83
20–29 87 72.50
30–39 8 6.67
40–49 4 3.33
50–59 2 1.67
60+ 6 5.00

Educational level
Junior High School/lower 10 8.33
Senior High School 10 8.33
Undergraduate 60 50.00
Postgraduate 20 16.67
No formal education 20 16.67
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3.5. Citizen Scientists’ Perception of ES(s) Derived from UGSs

In terms of ecosystem services, respondents perceived UGSs to supply significantly
higher provisioning services (44%) than cultural (32%), regulation (18%), or supporting
(6%) services (p < 0.041). Most respondents perceived shade provision (22%) as the most
important provisioning service derived from UGSs. Plant-derived medicine (20%) and food
(19%) were other provisioning services respondents perceived to derive from UGSs. In
terms of regulation services, climate (25%), run-off/erosion control (15%), and temperature
regulation (15%), were perceived to be the most important services provided by UGSs. A
greater proportion of respondents perceived habitat (43%), soil conservation (35%), and
nutrient cycling (22%), as the most important supporting services provided by UGSs. Most
respondents perceived education (26%), recreation (23%), and mental well-being (17%), as
the most important cultural services provided by UGSs (Figure 7).
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3.6. Quality of UGSs

In general, 66% of the respondents were satisfied, and 34% were dissatisfied with the
quality of UGS(s). Specifically: 69% were satisfied, 31% were dissatisfied with landscape
patterns; 82% were satisfied, 18% were dissatisfied with plant decorations; 68% were
satisfied with the coverage of green spaces, 32% were dissatisfied; 71% were satisfied with
the spaces available for public activities and 29% were dissatisfied. However, the majority
(61%) were dissatisfied with the management of the UGSs (Table 4).

Table 4. Level of satisfaction with the quality and management of urban green spaces.

Attributes of UGS Citizens’ Satisfaction (%) Citizens’ Dissatisfaction (%)

Landscape pattern 69 31
Plant decoration 82 18
Coverage of UGS 68 32
Space for public activities 71 29
Management of UGS 39 61

3.7. Suggested Ways of Improving the Quality of UGS(s)

Respondents indicated six management options to improve UGSs capacity to continue
supplying their perceived services to society. While most respondents believed that better
management and supervision (59%) was the way to improve the quality of UGSs, others
were of the view that tree planting (20%), specifically multi-purpose tree species, community
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engagement and education (16%), law implementation and enforcement (4%), as well as
pest control (1%), could be sustainable options to enhance the quality of UGSs.

3.8. Young Children’s Perceptions of Nature

Most children (78%) perceived nature to be either a combination of trees and animals
or just trees (22%). Children revealed that they learned about nature through direct visits
to forests or farms, storytelling, or watching nature-based TV programs. Despite their
high awareness of nature, most of them indicated their higher preference to live in cities
(87%) compared to forest regions (13%) for fear of being attacked by wild animals. The
environmental perception scale revealed that almost all the children interviewed strongly
agreed with the 14 statements presented (Figure 8). Interestingly, some sections revealed
their disagreement with statements such as: “it makes me sad to see homes built where
plants and animals used to be”, “my life would change if there were no plants and animals”,
and “plants and animals are easily harmed or hurt by people” and “my life would change
if there were no trees” (Figure 8).
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Figure 8. Children’s environmental perception scale.

For benefits obtained from nature, 88% expressed that they are aware that nature
provides timber; 73% indicated that they provide food; 72% indicated that it serves as a
habitat for animals; 65% indicated that it provides clean air; 59% indicated that it serves
as a place for worshipping gods; and 42% indicated that it houses watersheds that supply
rivers with water (Figure 9). The children also suggested that fencing nature systems such
as forests, and tree planting, could be possible options to protect nature and its biodiversity.

Furthermore, in evaluating the attitudes of children with respect to their love and
how they are willing to care for nature, the majority agreed with all the statements pre-
sented, with few showing indifference or slight disagreement with some of the statements
(Figure 10). Most children (93%) had a deep love for nature; perceived the need for the
protection of nature for its own sake (86%); enjoyed learning about nature (83%); felt
the importance of closeness to nature to their well-being (61%); had a strong sense of
care towards the natural environment (81%); needed a more natural environment around
themselves (77%); felt a sense of awe and wonder when in nature (69%); felt content and
comfortable when in nature (70%); felt emotionally closed to nature (61%); and felt some
interconnections with the rest of nature (86%; Figure 10).
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4. Discussion

Managing and conserving urban green spaces are essential for achieving key sus-
tainable development goals, including good health and well-being (Goal 3), sustainable
cities and communities (Goal 11), climate action (Goal 13), and life on land (Goal 15), and
not excluding the learning platforms urban green spaces offer for practical training (Goal
4) of citizen scientists in nature-driven conservation programs [7]. In addition, urban
green spaces offer opportunities for residents’ physical activities, thereby relieving stress
and fatigue and facilitating social contact with the natural environment, which minimizes
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social isolation and maximizes personal resilience and well-being [49]. Furthermore, green
spaces shape the townscape in cities by nourishing the city’s attributes and improving
environmental conditions, which is relevant to citizens’ health and well-being [50]. In
addition, urban green spaces offer a natural cooling effect that contributes to climate change
mitigation [11,51] to achieve climate action and relief from the heat island effect. Therefore,
conserving urban green spaces in regions experiencing massive urbanization (especially
in Africa) is very important, as they help mitigate climate change issues and enhance the
provision of multiple ecosystem services to benefit societies.

Through a citizen science approach, we revealed different levels of biodiversity and
ecosystem services of five green spaces with distinct landscape characteristics in a transi-
tional agro-ecological zone of Ghana. The high response rate of citizen scientists to this
conservation programme could be ascribed to the increased interest of the public in conser-
vation issues in recent times [52]. Furthermore, the higher percentage of female participants
in our program was a deliberate attempt to make science and fieldwork appealing to female
participants who are usually marginalized in conservation projects in Ghana (personal
observation). With numerous negative stereotypes about females not being good enough or
motivated to carry out science projects [53], we strived to overcome this by engaging and
motivating females to participate in this citizen science conservation program. In addition,
the dominant youth participants within the age group 20 to 29 years could also affirm the
recent increase in youth interest in biodiversity and conservation issues [54].

Furthermore, more than 80% of the participants having some level of education goes
a long way to give credence to the findings in our study, as they (participants) could
better appreciate the various services of UGS to themselves and the communities within
which they lived. A related study conducted among university students in Liverpool, UK,
revealed a significant relationship between the education levels of respondents and their
awareness of green spaces [27]. In terms of preferences for the types of green spaces, the
wildlife sanctuary was more preferred by respondents than parks or woodlots, which could
be attributed to the benefits forests (Wildlife Sanctuary) provide compared to marginalized
woodlots. Forests provide different ecosystem services, including Non-Timber Forest
Products (NTFPs), such as plant-derived medicine, mushrooms, bushmeat, and wild fruits,
which make them the preferred green space for most people [35].

4.1. Biodiversity and Ecosystem Services through a Field-Based Approach

The tree community was more diverse in the Wildlife Sanctuary than in the other
urban green spaces in the metropolis and could be related to the existing but historically
applied management approaches involving the conscious planting of diverse tree species
in the area. Owusu-Prempeh et al. [55] affirmed that about 58 tree species from 25 different
families were planted in the Wildlife Sanctuary to serve as food and habitat resources for
wildlife species, which were then used for research purposes by the university. The positive
relationship between diverse tree communities and the provisioning of bundle of ecosystem
services is always highlighted in the ecosystem services discourse (e.g., Puplampu and
Boafo [19], Elmqvist [56]). Most plant species recorded across the urban green spaces in
this study were multi-purpose, used as medicine, food, fodder, fuelwood, timber, or a
combination of other uses. For instance, citizen scientists identified Azadirachta indica as
a multi-purpose tree species used for food, fodder, fuelwood, plant-derived medicine, or
timber. Similarly, citizen scientists identified Khaya senegalensis, Cassia siebariana, Anacardium
occidentale, and hosts of different tree species, as having multi-purpose uses. Planting multi-
purpose tree species in urban green spaces has a long tradition of climate change mitigation
and adaptation (greenhouse gas emission, air pollution control), food provisioning, and
city beautification [57].

Arthropod taxonomic richness differed between the green spaces, with the Wildlife
Sanctuary being significantly richer and characterized by a higher abundance of Orthoptera
and Coleoptera than the other green spaces. Areas with diverse tree communities can
support a greater diversity of arthropods, taking advantage of the wider ecological niches
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that supply resources (food, nesting sites, hiding places etc.) required by arthropods for
their activities [58]. In a similar setting, Damptey et al. [10] affirmed the role of habitat
complexity created by diverse plant communities in supporting arthropod communities in
an urban green space. In addition, most of the tree species in the Wildlife Sanctuary were
indigenous species, which correlated with the work of Mata et al. [59], affirming the role of
complex indigenous tree communities in driving arthropod communities in urban green
spaces. We found the least diversity of arthropod communities in the woodlot, which con-
sisted of patches involving Tectona grandis and Anacardium occidentale highlighting the limits
of monoculture plantations in maintaining arthropod communities [60]. Monoculture plan-
tations usually simplify plant communities to a single species community supplying only
limited resources suitable for specialized groups of arthropod communities to thrive [58].

Moreover, the higher deadwood volumes and litter depths in the Wildlife Sanctuary
might have supported diverse Coleoptera families and Termitidae with food and essen-
tial habitat resources. Termites constituting between 40 and 95% of the total biomass of
soil macrofauna might be favorable in facilitating decomposition activities while altering
vegetation composition as ecosystem engineers [61]. Similarly, the diverse Coleoptera
communities in the Wildlife Sanctuary probably took advantage of the deadwood quality
and quantity in the area. This means that their different decay stages probably offered max-
imum heterogeneity, enhanced spatial segregation and created more suitable hibernation
places for Coleoptera (beetles; [62]).

Thus, the optimal levels of ecosystem services provided by the Wildlife Sanctuary
compared to the other green spaces affirm the role of diverse tree communities with
multi-purpose uses in simultaneously providing multiple ecosystem services [63].

4.2. Biodiversity and Ecosystem Services through Perception Surveys

Urban green spaces in the metropolis were perceived to provide several ecosystem
services (provisioning, cultural, regulating, or supporting services), with citizen scientists
revealing their higher awareness of the existence of provisioning and regulating than the
other services. The high level of local awareness of these two services in our study affirms
the findings of Moutouama et al. [64] on how people easily reference what they feel or
receive directly from nature in most ecosystem services discourse. Citizen scientists per-
ceived shade provision by trees, plant-derived medicine and food as the main provisioning
ecosystem services offered by urban green spaces. These services are fundamental for
human societies [65]. The awareness of the existence of these services by citizen scientists
could influence the conservation of UGSs, which can further enhance climate resilience in
developing countries such as Ghana. Our findings corroborate the work of Shackleton [66],
who indicated that the Global South or the Global North rely on providing ecosystem
services such as food and plant-derived medicine to sustain local livelihoods. Similarly,
Cilliers et al. [9] highlighted the higher demand for provisioning services, including food,
medicine, and shade, in local poor residential settings in South Africa.

Equally, UGS was perceived to offer other cultural services, including serving as
a platform for research (education) and recreational services because of their landscape
orientation and aesthetic properties, improving the health and mental well-being of the local
communities, and serving as a place of worship. Wildlife habitat support, soil conservation,
and nutrient cycling, were the most perceived supporting services provided by UGSs. Thus,
respondents’ perceptions of the ecosystem services of UGSs were not limited to provisioning
ecosystem services but included regulating, supporting and cultural services. As noted by
citizen scientists, the limited number of perceived cultural services could result from the
challenges in assessing cultural ecosystem services [67]. Nevertheless, urban settings have
been noted to contain great biodiversity but have been inadequately explored in terms of
research and knowledge dissemination because of the difficulties in assessing services such
as cultural services [1]. The higher level of awareness of citizen scientists about the possible
ecosystem services urban green spaces offer for society is vital in contributing to academic
knowledge as well as promoting conservation/restoration practices towards safeguarding



Land 2022, 11, 1774 18 of 25

UGS by governments collaboratively with citizens. The results of other seminal studies
have contended that individuals with perception and awareness of the challenges and
importance of nature are more likely to take actions toward promoting and conserving
their environment [68]; hence, we see this level of awareness by citizen scientists as positive
energy to safeguard available urban green spaces in the metropolis.

4.3. Frequency and Motivation for Visiting Urban Green Spaces

Citizen scientists revealed that they do not frequently visit urban green spaces; how-
ever, they occasionally visit on public holidays when the weather is good (especially on
sunny days) irrespective of the day of the week to mainly relieve stress by indulging in
social activities, including picnicking. Few of them revealed that they visit when other
people are not there to have some quietness (spiritual reflection), while others revealed
they visit because they feel a sense of belongingness and for aesthetic reasons. In a similar
setting, Abankwa and Quaofio [69] affirmed socializing with family and friends for pic-
nicking, mostly on weekends or on public holidays, as the main motive for people to visit
urban green spaces in Accra. Nevertheless, the issue of spirituality and urban green space
usage discourse in Ghana cannot be flouted. For instance, the Achimota Forest, Aburi, and
KNUST Botanical Gardens, are some of the popular urban green spaces in Ghana, serving
as places for prayer (worship) for individuals and groups in Accra [30,70].

The frequency (occasionally) at which people visit green spaces in our study region
(Ghana) was similar to the observations made in Akure, Nigeria [71], but different from the
frequency at which people visit urban green spaces in developed countries (e.g., daily for
1–2 h of duration in China [72], at least once per week among adolescents for physical and
social activities [73] and once a week in Perth metropolitan in Australia [74]).

Citizen scientists attributed their infrequent visits to the lack of time and further
highlighted that they prefer participating in other indoor activities with their families on
their free days than visiting a park, for safety reasons. The fear of being attacked by bad
people or dangerous animals (e.g.; poisonous snakes, bees) or dead trees falling on them,
were the main barriers limiting people’s patronage of green spaces in our study region.
The issue of safety and insecurity as barriers limiting people’s patronage of green spaces
has been severally discussed. Noël et al. [75] highlighted that the presence of frightening
elements perceived danger and other negative precedents are some social barriers to the
patronage of green spaces in Belgium. Similarly Sefcik et al. [76] highlighted safety concerns,
including the fear of being robbed, people drinking alcohol and using illegal drugs, and
attacks by wild animals and bugs, as barriers discouraging people from spending time
in nature

4.4. Citizen Satisfaction in the Quality and Management of Urban Green Spaces

Most of the respondents were satisfied with the quality of UGS within their vicinity.
The respondents were very satisfied with the landscape pattern, plant decorations, the
coverage of green spaces, and the spaces available for public activities. However, most
of them were dissatisfied with the management of the UGS, which could jeopardize the
sustainability of the UGS in the near future if adequate effort is not taken to address this.
UGS management is a complex assortment of interacting social, cultural, and economic
factors, including governance, multiple stakeholders, individual preferences, and social
constraints [16]. The management of UGSs is saddled with several challenges, including
urbanization, lack of long-term planning, absence or weak enforcement of legislation,
ownership issues, poor maintenance culture and coordination, and other issues with
management [17,20,77]. As a way of sustaining the quality of UGS, most respondents
believed that better management and supervision is the way to improve the quality of UGS.

Furthermore, others believed that planting multi-purpose tree species, community
engagement and education, law implementation and enforcement, and pest control, could
be alternative options to enhance the quality of UGSs. Thus, in trying to improve the quality
of existing UGSs, there will be the need to implement conservation projects, including
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biophysical actions and strengthening the governance structures. Considering the diversity
and constellation of actors within urban green space management, a one-fitting-all approach
might not be appropriate; hence, multiple approaches addressing the needs of most actors
should be considered to improve the quality of goods and services UGSs provide.

4.5. Children’s Perception of Nature

We revealed a narrowed perception of children about the composition of nature.
Most children perceived nature to be composed of only trees and animals, while others
perceived it as just trees, in agreement with Keliher [78]. This might be attributed to the low
conceptualization and educational levels of the children involved in the study. Individuals
with little educational level are probably less likely to perceive and might have limited
conceptualization abilities [79]. Among children, the sources of perceptions/knowledge
about nature were through direct visits to forests or farms, storytelling, or watching TV
programs. However, despite their narrowed conceptualization of the composition of nature,
they were very aware of the value of nature and the impacts that human activities such
as logging, mining and construction have on biodiversity and the future consequences
on humanity and nature. Their level of awareness could be from their interaction and
experiences within their natural environments or TV programs. Recently, the impacts of
global environmental changes have been documented in most TV programs in the form of
cartons to create awareness among children [80]. Conterminously, children’s contact with
nature has been reported to positively related to their biophilia and negatively related to
their biphobia [81]. Hence, children’s contact with nature may enhance their willingness to
support conservation indirectly by nurturing biophilic attitudes to arthropods and empathy
for nature as a whole.

5. Conclusions

This program offered citizen scientists in the metropolis their first opportunity for
hands-on experience with scientific methods in biodiversity and ecological research. Through
indigenous knowledge and experiences, citizen scientists proved that they are already
aware of their environment and the surrounding conditions by highlighting with examples
the benefits of nature and threats to nature. In addition, they also recognized how indis-
pensable they are in creating a sustainable, livable community by being environmental
stewards. The role of citizen scientists in this ecological research was not only limited
to data collection but also included data interpretation (based on indigenous opinions)
and dissemination of results to other community members who were not privileged to
participate in the program. This study forms part of the pioneering research on biodiversity
and conservation citizen science in Ghana and presents information mainly focused on five
green spaces within the Sunyani metropolis. While the findings are policy informative, a
large-scale study into other green spaces in urban cities of Ghana using similar approaches
will be eminent in achieving sustainable urban green spaces planning and development.
Furthermore, our study on arthropods was based on lower-level taxonomic resolution
(order/suborder), which was sufficient for highlighting the differences in arthropod com-
munity composition between green spaces with different management options (e.g., green
space managed for wildlife conservation, or woodlot). That notwithstanding, higher levels
of taxonomic resolution (e.g., species or genus) will be required for species-specific habitat
relationships. In addition, our sampling for arthropods was only for one season, present-
ing the results of arthropod communities in the wet season. Disentangling the effects of
seasonality on arthropods will require all-year sampling involving the dry season for a
clearer picture of which arthropod groups or species exist and are more active in which
season for ecosystem service provision. Even though citizen science proved effective in
collecting useful biodiversity and ecological datasets within the shortest possible time, we
recommend instituting a verification system to verify and validate all attributes surveyed to
make an informed and conclusive inference on the role of urban green spaces in biodiversity
and ecosystem service provisioning. Hence, the success of this program opens avenues
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for incorporating citizen science programs for sampling other regions with data deficiency.
We therefore recommend prioritizing urban green spaces in national and regional agendas
and further call for their protection and conservation so they can continuously supply
ecosystem goods and services to society.
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Appendix A

Table A1. Plant species and their uses for the various green spaces. A: Arboretum, W: Wildlife
Sanctuary, P: Parks and Gardens, R: Residency Park, W: Woodlot.

Plant Species A W P R W Food Fodder Fuelwood Medicine Timber

Albizia lebbeck X x x

Albizia saman X x x

Allamanda cathartica X x x

Anacardium occidentale X x x

Azadirachta indica X X x x x x

Bauhinia purpurea X x

Blighia sapida X x x

Breynia nivosa X x

Broussonetia papyrifera X x x x

Cassia fistula X x x x

Cassia siebariana X x x x
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Table A1. Cont.

Plant Species A W P R W Food Fodder Fuelwood Medicine Timber

Cedrela odorata X x

Ceiba pentandra X X x

Cereus hexaqonus X x x

Codiaeum variegatum X x

Deloniix regia X x x x

Duranta erecta X x x

Elaeis guineensis X x

Eucalyptus camaldulensis X x x

Eucalyptus grandifolia X x x

Ficus exasperata X x x

Ficus vasta X x

Furcraea foetida X x

Gmelina arborea X x x

Griffonia simplicifolia X x

Hibiscus rosa-senensis X x x

Holarrhena floribunda X x x

Ixora duffi X

Khaya senegalensis X X x x x

Lagerstroemia speciosa X x

Mangifera indica X x

Mansonia altissima X x

Millettia thonningii X x x

Morus mesozygia X x

Morinda lucida X x x

Murraya paniculata X x

Newbouldia laevis X X x

Pachira glabra X x x x

Peltophorum pterocarpum X x x

Pethecellobium dulce X x x

Phyllostachys aurea X x x

Psidium guajava X x

Senna siamea X X x x

Solanum erianthum X x

Spathodea campanulata X x x

Tabebuia rosea X x

Tabernaemontana elegans X x x x

Tectona grandis X X X x

Terminalia catappa X x x x

Terminalia superba X x

Triplochiton scleroxylon X X X x
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