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Abstract: The city of Parakou, like cities in developing countries, is experiencing rapid urbanization with the consequences
of the destruction of the tree fabric and the progressive loss of cultural knowledge related to it. But in this city, tree species are
spared or planted for several reasons. This paper aims to characterize the ecosystem services associated with these trees
according to different social categories of urban dwellers. A sample of 370 inhabitants determined by Dagnelie's formula is
used to collect the information. The rate of identification of the types of ecosystem services has been assessed. The analysis of
covariance (ANCOVA) was used to analyze the influence of social groups on the rate of identification of services. The
characterization of ecosystem services according to the different groups was done using the Correspondence Factor Analysis
(CFA). A total of 30 ecosystem services grouped into 24 types in 4 categories, namely provisioning services, regulating
services, cultural services and support services were identified. It emerges that the most cited services are respectively, in
decreasing order, air regulation (90%), food (86%), aesthetic pleasure (40%) and medicinal virtues (36%). The socio-cultural
group and the level of education strongly influence the rate of ecosystem identification. The characterization of ecosystem
services by to social groups shows that the interest shown by each social group in ecosystem services depends on the benefits it
derives from the tree on a daily basis. Although the population recognizes the services provided by trees, it is not actively
involved in their conservation, which justifies the low density of the tree layer in the city of Parakou. This gives rise to
research on the socio-economic and institutional constraints linked to the promotion of trees in the city of Parakou.
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subject of an increasing number of studies, as the reasoned
and optimised management of these ecosystems appears
indispensable for the viability of societies [17]. These urban
ecosystems constituted by the urban forest contribute to
public health and increase the quality of life of city dwellers,
for example by improving air quality and reducing noise
[15]. They enrich the soil, slow down erosion due to runoff

1. Introduction

West African cities abound with a significant diversity of
trees distributed in public gardens, private gardens,
concessions, parks, plantations, roads, abandoned spaces, etc.
[1-9] These plant formations are referred to in the literature
as urban forests [10-12] or urban green spaces [13, §].

Moreover, because of their ecological value, urban forests are
often considered in the framework of sustainable
development as a support for biodiversity [14]. In fact, urban
forests constitute urban ecosystems [15, 16] and are the

and provide shade. They also provide heat, food, light, health
care, etc. [15]. In addition to these benefits of plants in cities,
they strengthen social cohesion [18], thus making an
important contribution to the livelihood and quality of life of
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urban residents [12]. This range of benefits that human
populations derive, directly or indirectly, from ecosystem
functions is called ecosystem services [19] and is divided
into four categories: provisioning or harvesting services,
regulating services, cultural services, and supporting or
sustaining services [20].

However, urbanization, one of the main causes of land
cover degradation [21, 12, 22] disrupts the proper functioning
of urban ecosystems through biodiversity loss and thus leads
to a decline in ecosystem services [23]. In a context of strong
urban expansion, ecosystem services in urban areas may have
limitations and need to be further examined [24] and updated.

Indeed, the relationship between contemporary West
African urban dwellers and the tree fabric is not well known,
especially in this context of urbanization with ecological,
economic and sociological impacts that are poorly known
and difficult to assess [25]. According to Yengue [26], in the
city as in the fields, the relationship between man and tree is
complex, different according to place, species and ethnicity,
and strongly changing over time.

From a simple caravanserai, the city of Parakou has
become a flourishing center of regional exchange, now
welcoming people of diverse origins, some of whom have
settled there permanently. Its urban and peri-urban strip is
strongly linked to transit, which has brought qualitative and
quantitative changes in socio-cultural terms [27]. Indeed, in
Parakou, 30.32% of the concessions are devoid of trees and
there is a low density of the adult tree stratum, 18.85 trees/ha
[28]. Thus, in a context of qualitative and quantitative socio-
cultural changes and low vegetation density, characterizing

ecosystem services would allow a better understanding of the
perception of different social groups of the tree and allow
consideration of appropriate measures for the promotion
and/or conservation of trees.

2. Study Area

A city of more than three centuries of existence [27],
Parakou is located in central Benin between 9°13' and 9°27'
north latitude and 2°25' and 2°46' east longitude. The local
climate is Sudanian (humid tropical) characterized by the
alternation of a rainy season from May to October and a dry
season from November to April [29]. The dry season is
marked by harmattan (a cold, dry wind). The vegetation is
dominated by savannah with all its variants: wooded
savannah, tree savannah, shrubby savannah. Vegetation in the
concessions of the urban area has a high species richness
with a high dominance of the Mangifera indica species [28].
The city covers an area of 441 km® and comprises forty-two
(42) urban districts (Figure 1) divided into three (03) borough
with a population of 255,478 inhabitants. It has a density of
579 inhabitants/km? making it the most densely populated
city in the Borgou county. Parakou is a cosmopolitan city
whose main socio-cultural groups registered are as follows:
Bariba and related (35%), Fon and related (16.2%), Yoruba
and related (15.5%), Dendi and related (9.3%), Gua or
Otamari and related (6%) and Yoa and Lokpa and related
(5.9%), Peuhls (3.2%), Adja and related (3.1%) and others
(3.5%) [30].
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Figure 1. Location of the study zone and administration distribution.
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3. Materials and Methods

3.1. Sampling and Data Collection

A survey of 90 inhabitants, 30 per randomly selected
borough as an exploratory phase, determined the proportion
of people who recognize at least three (3) categories of
ecosystem services as defined by [20]. This proportion was
then used to determine the minimum sample size using
Dagnelie's [31] formula:

_ Ui_q2P(1-P)

- (1)

Where n: minimum sample size considered;

P: proportion of respondents who recognize at least three
categories of tree ecosystem services, determined during the
exploratory phase (p = 0.4);

U,.w2= 1.96, the value of the normal random variable for a
risk a = 0.05;

d: margin of error is 5%.

The application of this formula gives n = 368.79 rounded
to 370 inhabitants.

The choice of inhabitants was made randomly while
covering the three districts of the city of Parakou. A
structured questionnaire was used to fill in certain socio-
economic data such as gender, age, education level, socio-
professional activity, socio-cultural group and knowledge of
ecosystem services. The socio-cultural groups were defined
according to the classification of the National Institute of
Statistics and Economic Analysis. Concerning ecosystem
services, twenty-four (24) types grouped in four categories
adapted to that of the Millennium Ecosystem Assessment
[20] were used as a basis for the interview. They include six
(6) provisioning services, ten (10) regulating services, five
(05) cultural services and three (3) supporting services.

3.2. Data Analysis

A descriptive analysis of the information collected
determined the socio-demographic profile of the respondents,
the rate of identification and the importance value of the
types and categories of ecosystem services.

The rate of identification of an ecosystem service or
category of services is the percentage of respondents who
recognize one of an ecosystem service. It is assessed by the
value of importance (IV). It varies from 0 to 1 and is
determined by the following formula [32]:

njs
v =2 ©)

Where n;s: number of respondents who consider a good to
be an ecosystem service; n: total number of respondents;

Values close to 0 indicate that very few respondents have a
good knowledge of a type or category of ecosystem service.
Values close to 1, on the other hand, indicate that many
respondents have a good knowledge of a type or category of
ecosystem service.

The relationship between the number of services cited and

the social groups, i.e. gender, age, education level, socio-
professional activity and socio-cultural group was assessed
by an analysis of covariance (ANCOVA).

A Factor Correspondence Analysis (FCA) was conducted
to characterize the services cited and the different social
groups, including gender and age, level of education, socio-
professional activity and socio-cultural group. Statistical
analyses were performed in R 3.5.0 software.

4. Result

4.1. Respondent Structure

Table 1 presents the socio-demographic profile of the
respondents.

Table 1. Socio-demographic profile of the respondents.

Structure Mean Standard error Min Max
Age of respondents 34.95 12.89 17 80
Social group Frequency Percentage (%)
Gender

Men 200 54.05
‘Women 170 45.95
Young men (17-49) 163 44.05
Adult men (50 and over) 36 9.72
Young women (17-49) 158 42.73
Adult women (50 and over) 11 2.98
Socio-cultural groups

Bariba and related 94 241
Fon and related 92 24.86
Dendi and related 77 20.81
Yoruba and related 54 14.59
Ditamari and related 31 8.38
Lokpa and related 12 3.24
Peulh 7 1.89
Foreigner 3 0.81
Educational level

High school 152 41.08
Primary 79 21.35
University 76 20.54
Literate 46 12.43
None 17 4.59
Professional activities

Traders 101 27.30
Salaried employee 93 25.14
Artisans 86 23.24
Students 64 17.30
Housewife 13 3.51
Farmers 8 2.16
Breeder 3 0.81
Others 2 0.54

The analysis in Table 1 shows that the average age of
respondents is about 35 with a minimum of 17 and a maximum
of 80. This implies the sense of responsibility of the people
chosen. More than half of the sample has at least a secondary
school education, which implies at least a relative
understanding of the concept of ecosystem services. In
addition, the main socio-cultural groups in the city were taken
into account. Also, the presence of women in the survey
demonstrates consideration of gender. Moreover, the sample
takes into account all the socio-cultural segments of the city
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and makes it possible to collect representative information. recognized by the population. These services are grouped
into 24 types divided into the four different categories

4.2. Identification Rate of Ecosystem Service defined by [20] as shown in Figure 2.

In the town of Parakou, some thirty ecosystem services are
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Figure 2. Identification rate of ecosystem services.

Figure 2 shows that the top five known urban tree services  against natural hazards. In total, regulating services come
in the city of Parakou are, in order of importance, regulation  first (0.95) in the ranking, followed by provisioning services
of air quality (90%), provision of food (86%), aesthetic  (0.91), cultural services (0.41) and finally supporting services
pleasure (40%), medicinal virtues (36%) and protection  (0.13) (Figure 3).
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Figure 3. Importance value of ecosystem services categories.
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4.3. Relationship Between the Rate of Identification of Ecosystem Services and Social Groups

Covariance analysis shows that socio-cultural group (ANCOVA, F = 4.06, df = 8, P < 0.001) and educational level (F' =
5.36,df =4, P <0.001) have a higly significant influence on the rate of identification of ecosystem services

4.4. Characterization of Ecosystem Services by Social Group

4.4.1. Characterization of Ecosystem Services by Age and Gender
The characterization of ecosystem services by age and gender was done by considering women and men between the ages of

17 and 49 years (Youth) and 50 years and over (Adults).
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Figure 4. Ecosystem services by age and gender.

Analysis of the first two factor axes in Figure 4 shows
82.2% of the variance contained in the initial data. The
projection of the sexes according to the age groups defined,
on the plane formed by factor axes 1 and 2, shows that men
aged 50 and over, i.e. adult men, identified more services
such as the regulation of natural risks and soil erosion,
medicinal virtues, and recreational activities. As for men in
the 17 to 49 age group (youth), they were more interested in
air regulation and the food provided by trees. In addition,
women aged 50 and over (adults) are interested in air
regulation and fuelwood supply. Women aged 17-49 (youth)
were more interested in services such as food, water flow
regulation, air regulation, timber and the water cycle. The
aesthetic pleasure service is common to all age groups.

4.4.2. Characterization of Ecosystem Services by
Socio-professional Activities
The characterization of ecosystem services by socio-

professional groups is presented in figure 5.

The analysis shows that the first two factor axes explain 67%
of the variance contained in the data matrix analyzing the
relationship between socio-professional groups and ecosystem
services derived from trees in urban areas in the city of Parakou.
The projection of the different groups on factorial axes 1 and 2
allows us to note that the majority of respondents in the
Employees group identified the regulation of water flow,
aesthetic pleasure, climate regulation.

On the other hand, the Learners, namely students and
pupils, focused more on food, air regulation and firewood. As
for the Shopkeepers, they were more interested in food. As
for the Craftsmen, they chose fodder and veterinary use,
regulation of natural risks, recreational activities and
pedagogical education. The Housewives were interested in
food and lumber while the Farmers were more interested in
the regulation of erosion and medicinal virtues.
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Figure 5. Ecosystem services by professional activities.

4.4.3. Characterization of Ecosystem Services by Educational Level
The characterization of ecosystem services according to the level of education of respondents is presented in Figure 6.
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Figure 6. Ecosystem services by educational level.
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Taking into account the first two factor axes in Figure 6,
80.5 percent of the variation in the analysis of preference for
services in the respondent tree by education level is evident.
The positioning of the different groups on the factor axes
reveals that those with No education identified types of
services such as food and air regulation and recreation. The
literate and respondents with a Primary education level made
more choices on air regulation and food.

As for individuals with a Secondary level of education,
they mostly identified medicinal virtues, regulation of water
flow, regulation of natural hazards, fodder and veterinary use,

firewood and pedagogical education, spiritual and religious
values and primary production. On the other hand,
respondents with a university level cited services such as air
regulation and aesthetic pleasure.

4.4.4. Characterization of Ecosystem Services by
Socio-cultural Groups
The characterization of ecosystem services according to
socio-cultural groups in the city of Parakou is presented in
Figure 7.
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Figure 7. Ecosystem services by socio-cultural groups.

Analysis of the first two factor axes in Figure 7 shows 86.2%
of the variance contained in the initial data. The projection of the
socio-cultural groups on the plane formed by factor axes 1 and 2
allows us to note that the Bariba and related groups were
interested in services such as food, regulation of water flows,
regulation of natural risks, medicinal virtues, regulation of
erosion, climate regulation, fodder and veterinary use, spiritual
and religious values, recreation and education. The Fon and
related, the Yoruba and related and the Ditamari identified in
majority, the regulation of air, food and aesthetic pleasure. The
interest of the Dendi and related and the Lokpa and related is
focused on air regulation and food. In addition, the Peulh were
interested in the water cycle (the theory that the tree brings rain)
and the foreigners were more interested in medicinal virtues.

5. Discussion

5.1. Identification of Types and Categories of Ecosystem
Services in the City

The present research has allowed to assess the knowledge

of the inhabitants of Parakou on the ecosystem services
rendered by the urban forest. It also allowed to identify the
social factors that influence this knowledge and to analyze
the trend of the different social groups in the city towards the
ecosystem services rendered by trees in urban areas. The
results show that the urban dwellers of the city of Parakou
have diverse knowledge and interests in the benefits of trees.
In fact, about thirty goods and services grouped into 24 types
were cited by respondents. These different types can be
found in the four categories of services defined by [20],
namely supply services, regulatory services, non-material
cultural services and support services. Considering the
categories, regulatory services are the most cited and occupy
the first position with an importance value of 0.95. Next
comes the supply services with an importance value of 0.90.
These values close to 1 indicate that the majority of
respondents have a good knowledge of these services. On the
other hand, cultural services and support services have
proportions of 0.40 and 0.13 respectively. These values are
close to 0 and thus indicate that only a minority of city
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dwellers have a good knowledge of these two categories of
ecosystem services. These results confirm those of some
authors that, unlike rural communities that prioritize
substantial ecosystem benefits [33], the urban community
values abstract services [34].

Moreover, in the category of regulating services, air
regulation occupies the first place, followed by the regulation
of natural risks (storm, flooding, etc.), the regulation of
erosion and the regulation of water flows (rainwater
drainage, drying up of wells, etc.).

Indeed, the results of [35] indicate that the community in
the Sudano-Guinean zone of Benin is mainly aware of
regulatory services, namely those related to air quality and
natural hazard regulation. Similarly, [36] showed that in the
urban area of the city of N'djamena, 98.6% of the population
planted trees for shade and coolness. To explain this fact, it is
possible to highlight the influence of the urban heat island
especially in tropical cities. For example, in northern
Cameroon as in Burkina Faso, the difference in appearance
between urban areas and uninhabited places is very striking.
Cities spread out under tall trees, giving them the appearance
of oases in the middle of the desert, especially in the dry
season [26].

Similarly, according to [25], in Ouagadougou, tree is subject
to various uses related to daily life. However, the shade it
provides is the first advantage appreciated by the population: the
courtyard being the main place of life of every city dweller, the
presence of a shady spot is therefore essential. Moreover,
knowledge of the tree's role in regulating the climate (local,
regional and global) remains very low among the population.
This shows the need to sensitize the different actors on the
phenomenon of climate change and the role of the tree in terms
of mitigation and adaptation.

In the category of supporting services, food provision
comes first. After food service comes medicinal use, fodder
collection and veterinary use for the animals, and the
collection of firewood and timber. The results obtained in this
category are similar to those obtained by [37] who showed
that human food is the first collection service provided by the
timber stand. Indeed, fruit production is one of the important
attractions of the yard tree. As such, Mangifera indica is
unanimously accepted both in the town of Parakou and in
several West African cities [25, 6, 8, 28].

In the cultural services category, aesthetic pleasure had a
higher frequency of citation. Next in order of importance came
recreational recreation, spiritual and religious values, and
educational education, respectively. In the city, trees contribute
to the beautification of a property or public space. They are
used as a design element by playing with their shapes, heights
and colors. This is the example of green spaces and line trees.
In private concessions, trees are used as screens to preserve
privacy. Some trees commonly known as false Ashoka tree
(Polyalthia  longifolia) and logwood (Haematoxylum
campechianum) are used to modulate the viewpoint of an
observer, in particular by influencing the perception of the size
of a house or by allowing certain elements of a view to be
hidden. Trees can also be used to ensure the privacy of a

property through screens, hedges or wooded areas.

For the support services category, only the water cycle
service was cited, as water is life. This can be explained by
the fact that support services are not tangible and do not have
a direct effect on the population.

The diversity of ecosystem services cited by the
populations of Parakou can be explained by the rich specific
diversity that the city abounds in [28] favoured by the
diversity of socio-cultural groups each holding ethno-
botanical knowledge for each woody species. Indeed, species
such as Mangifera indica, Carica papaya, Moringa oleifera,
Ficus polita, Azadirachta indica, Polyalthia longifolia,
Calotropis procera, Cocos nucifera, Citrus sinensis, Psidium
guayava are the ten most frequent species in the concessions
of the city of Parakou [28]. Most of these species have
several uses, namely, food, medicinal, windbreaks, fodder
and veterinary use for pets, beautification and others.

5.2. Correlation Between the Rate of Identification of
Ecosystem Services and Social Groups

The analysis of the covariance between the rate of
identification of ecosystem services and social groups,
namely gender, age, education, socio-professional activity
and socio-cultural group was evaluated, revealing that
education level and socio-cultural group are determining
factors in the knowledge of ecosystem services. Indeed, the
analysis of Figure 7 shows that respondents with a high
school level of education identified more ecosystem services
than the other groups. This knowledge could be due to
several tree-related themes addressed during the school
curriculum. At the level of socio-cultural groups, the analysis
in Figure 7 shows that Bariba and related people cited more
services than the remaining groups. This shows a strong
attachment of this group to the tree and prompts studies to
explain this phenomenon.

5.3. Characterization of Ecosystem Services by Social
Groups

The characterization of ecosystem services by education
level found that those with No education identified types of
services such as food and air regulation and recreation.
Literacy and Primary education respondents were more likely
to identify air regulation and food. As for individuals with a
Secondary level of education, they mostly identified the
regulation of natural risks, medicinal virtues, regulation of
water flow, firewood, fodder and veterinary use, pedagogical
education and spiritual and religious values and primary
production. On the other hand, respondents with a university
degree cited services such as air regulation and aesthetic
pleasure. These results show that the higher the level of
education, the better the perception of ecosystem services.
The level of instruction or education could induce people's
attitude to support conservation policies and improve
attitudes towards natural resources [38, 39, 40, 41] cited by
[35]. The characterization of ecosystem services according to
socio-cultural groups in the city of Parakou revealed that
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Bariba and related people have a good knowledge of the
provisioning, regulating and cultural services of the tree. In
Parakou, it is mainly Bariba women who sell firewood
commonly known as "Dan gui". They also sell herbal tea
leaves that treat many illnesses. In addition, [42] found that
Bariba, also known as Baatombou, are more interested in
educational services, services related to land. Thus, there are
many traditional healers in this socio-cultural group, hence
the high frequency of citation of medicinal virtues and
spiritual values in this group. They are also goat breeders and
are interested in fodder and the veterinary use of plants. All
this explains the choice of different ecosystem services by
this socio-cultural group.

As for Fon and related, Yoruba and related, the trend is
towards air regulation, food and aesthetic pleasure. The Fon
and Yoruba are the dominant peoples respectively of South
and Central Benin where the vegetation is more diversified
and denser. This biogeographical reality may favour the
multiple uses of woody species for various purposes. The
interest of the Dendi and related and the Lokpa and related to
regulate air and food could be explained by the floristic
diversity of the Sudano-Guinean zone to which the origin of
these peoples belongs. The Peulhs for their part were more
interested in the water cycle. Indeed, this nomadic and
herding people is in perpetual search of pastures and water
points for livestock.

6. Conclusion

This study found that the goods and services provided by
trees are well known and valued in urban areas. However, the
best-known services are regulatory services, supply services
and non-material cultural services. Support services are little
known. On the other hand, in the regulation services
category, the air regulation service is more appreciated. In the
category of supply services, it is the food, namely the
collection of fruits and leafy vegetables. In the category of
non-material cultural services, it is the aesthetic pleasure
derived from trees.

In addition, the distribution of ecosystem services at the
level of social groups reveals the level of education and socio-
cultural group have an impact on the level of knowledge of
ecosystem services. The characterization of ecosystem services
according to social groups shows that the identification of a
service is related to the socio-economic benefits directly
derived from the tree in the daily life of each social group. In
spite of the numerous benefits of the tree known by the
population, the observation of the state of the art shows a
regression of tree cover in both private and public domains.
Trees certainly bring a range of benefits in urban areas but they
could bring even more if they are integrated into urban
planning with the involvement of the population, in this case
the socio-cultural groups. However, an analysis study of the
socio-economic and institutional constraints related to the
promotion of trees in urban areas is necessary in the cities of
Benin in general and that of Parakou in particular.
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