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The perception of ecosystem goods and services by local residents is studied in Brazzaville, around the periurban forest of
Djoumouna. This study, which documents the ecosystem services provided to communities by this ecosystem facing anthro-
pogenic degradation, evaluates the understanding and consideration of these functions, according to socioprofessional categories.
Socioeconomic and ethnobotanical surveys conducted among the group of informants are supported by direct field observations
and literature review. The data collected within a 2km radius around the forest were subjected to descriptive and statistical
analysis. The group of informants, including all socioprofessional strata, was organised into 4 age groups and involved 143 heads
of household aged from 15 to over 45. The survey reveals 14 ecosystem services that fall into three categories. The provisioning
services included food, wood energy, pharmacopoeia, and wood services. The regulatory functions cited are maintaining air
quality, shade, erosion control, and windbreak. Recognized sociocultural services are the source of income, recreation, and
ecotourism, source of inspiration, fishing, initiation sanctuary, and hunting. According to gender, men are more dependent on the
forest than women, and those aged 15-25 and over 45 are the most active. The socioprofessional scale shows an unequal ex-
ploitation of the forest. The informants, at least for the majority, integrate the notions of the value of ecosystem services, provided
by the Djoumouna periurban forest, into their daily lives. Finally, the study highlights the social and ecological value of periurban
and urban forests in the daily lives of people and urban resilience.

provide society with a set of ecosystem goods and services of
national and regional scope. Ecosystem goods and services
imply all the direct and indirect benefits that humans derive

1. Introduction

Straddling the equator, Congo is located in Central Africa

and covers an area of 342,000 km?. Savannah (35-40%) and
forest (60-65%) are the main plant formations that divide up
the territory [1]. Congolese forests represent 12.4% of the
Congo Basin forests and are divided into three main groups:
Mayombe (3%), Chaillu (11%), and the North Congo Massif
with the Upper Sangha (31%) and Lower Sangha (20%)
[2-4].

The interest of Congolese forests on the triple economic,
social, and ecological level is no longer to be justified. These
ecosystems are a major lever for the development and the
emergence of the Congolese economy [5]. These forests

from ecosystem functioning [6-8]. The resulting benefits fall
into three categories [9]. Provisioning (harvesting) services
include products such as fuelwood, service wood, food,
game, and medicines [10]. Regulating services include cli-
mate regulation, carbon sequestration, air pollution re-
moval, watershed water regulation, soil protection, and flood
control [11-13]. Sociocultural services relate to natural
heritage, recreation, aesthetics, ecotourism, and spiritual
values of forests [11].

Notwithstanding this main subdivision, which obscures
small-area forest formations, notably urban and periurban
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forests, the direct and indirect ecological functions and roles
played by the latter are not negligible in the maintenance of
urban equilibrium. Urban and periurban forests are focal
points for biodiversity conservation by providing alternative
habitats for many plant and animal species [14]. This is the
case in Australia, where hundreds of endangered native
species depend primarily on urban habitats [15]. These
forests also enhance cultural diversity by increasing the
resilience of cities to environmental shocks and stressors
[16, 17]. By providing shade and evapotranspiration, urban
and periurban forests can lower daytime temperatures by up
to 6°C depending on the latitude of the city [12, 13, 18]. A
large tree can intercept up to 190 liters of water during a
rainfall event, thus reducing runoff and the risk of flooding
and landslides, which are current phenomena in Brazzaville.
These forests purify the air through leaves that act as passive
reservoirs by intercepting certain particles [19]; accumula-
tion rates of 10 to 70 ug-cm ™~ particles in leaves have been
recorded in the Aburrd Valley in Colombia [20].

Like all the woody formations in the world, the urban and
periurban forests of Brazzaville provide a diverse range of
goods and services to society. These products are subdivided
into tangible (direct) and intangible (indirect) services. In
addition to direct services, the most valued by local residents
are wood products (firewood and service wood) and non-
ligneous forest products (NTFPs), including mushrooms,
aromatic, medicinal, and food plants, and game; indirect
services are exploited concomitantly. As direct goods and
services are essentially related to the extraction, indirect ones
are associated with regulation (water and mineral cycles,
protection of watersheds and soils, carbon sequestration and
climate change mitigation, protection and preservation of
biodiversity, cultural and historical heritage, outdoor recre-
ation, and leisure areas) and sociocultural ones.

However, in spite of the well-known benefits to local
residents, the urban and periurban forests of Brazzaville are
subject to increasingly intense anthropogenic pressures that
have led to the disappearance of several of them [21, 22]. In
the absence of proven knowledge, these last natural woody
formations will disappear like the urban forests of the
Tsiéme, the Corniche, the Chad Ravine, and the Glaciére,
despite the services rendered to the community [3]. In spite
of the services provided to the community, human care-
lessness had come to dominate their existence. The conse-
quences of this anthropization are leading to an erosion of
biodiversity and the associated ecosystem goods and services
[23]. The aim of carrying out an assessment of the ecosystem
services provided by the Djoumouna forest is becoming
more than just a necessity in order to gradually awaken the
collective consciousness of local residents about the value of
these formations in their daily lives. As the notion of eco-
system services is a new issue in the study area, the focus of
the study is to explore the perception of the local population
of the Djoumouna periurban forest with regard to these
services. In fact, data relating to ecosystem services are al-
most absent from the literature in the region, despite the
relevance of the information generated for the purposes of
sustainable development in general and, in particular, the
wellbeing of populations and the resilience of urban cities.

International Journal of Forestry Research

This study, which documents the ecosystem services
provided to communities by this ecosystem faced with
anthropogenic degradation, assesses the understanding
and consideration of these functions, according to soci-
oprofessional categories. Thus, special emphasis should be
placed on these periurban or even natural intraurban
training courses, to which public managers pay almost no
attention. In this respect, the data from the study, coupled
with the bioecological and ethnobotanical findings,
should usher in an era of better integration of urban and
periurban forest management issues into Brazzaville’s
urban development plans. Data on the perception of
ecosystem services of the riparian’s of urban and peri-
urban forests are likely to constitute an argument for the
conservation of these formations [24]. This study con-
tributes to meeting the challenges of conserving and
sustainably managing urban and periurban forests, with a
view to ensuring better living conditions for city dwellers
and resilient cities.

The perception of local residents on the ecosystem goods
and services derived from the Djoumouna periurban forest
will be analyzed according to gender, age group, level of
education, marital status, and socioprofessional activity.

2. Materials and Methods

2.1. Presentation of the Study Area. The Djoumouna peri-
urban forest (—04°22’ to —04°35" S and 15°09’ to 15°15’ E)
develops 24km southwest of Brazzaville (Figure 1). This
3.5 ha river formation is irrigated by the Djoumouna, a small
permanent tributary of the Congo [25, 26]. The climate of
the Bas-Congolese type [27, 28] is marked by a mean annual
temperature of 25°C with a low annual temperature range of
less than 6°C. The months of March, April, and November
are the hottest, while July and August are the coolest [28, 29].
Annual rainfall varies from 1200 to 1400 mm [30]. Rainfall
begins in late September and lasts from October to May, with
a marked decline between January and February. The
rainiest months are generally March, April, and November
[30]. The annual relative humidity, always above 80% on
average, plays an important role in the vegetation, especially
in the dry season, with a low annual hygrometric amplitude.
The values of the average daily hygrometric amplitude are
33% in the rainy season and 46% in the dry season [28, 30].
Evaporation varies in the opposite direction of atmospheric
humidity and its relative minimum is observed in June and
the absolute maximum in August and September [30]. The
annual average of insolation is in the range of 1100 to 1800
hours [31, 32].

2.2. Soil. The soils evolving under the Djoumouna forest
belong to two classes: highly desaturated ferrallitics whose
sum of exchangeable bases (Ca, Mg, K, and Na) is very low in
the B horizon (of the order of 1 meq/100 g) and a saturation
rate of the absorbent complex lower than 20% [33].

2.3. Flora and Vegetation. At the phytogeographic scale, the
periurban forest of Djoumouna belongs to the District of
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FiGure 1: Congolese forest presentation and location of the study area.

Cataractes, confined between the districts of Niari and
Léfini. This mesophilic and tropophilic formation presents a
flora based on species such as Millettia laurentii, Penta-
clethra eetveldeana, Staudtia kamerunensis, Petersianthus
macrocarpus, Macaranga monandra, and Trichilia monad-
elpha [31, 34]. Anthropic degradation induces secondary
formations, of which the heliophilic pioneer species and
Elaeis guineensis are characteristic.

The forest cover of Brazzaville, once lush and very ex-
tensive in the 1960s, included 5 natural woody formations
that have only known varying fortunes as a result of an-
thropogenic activities [3, 25, 31]. In about ten years, the town
lost four of its intra- and periurban woody formations,
namely, the Tsiéme, Glacié¢re, Chad Ravine, and Corniche
[3, 31]. As for the Patte d’Oie urban forest, about 240 ha were
classified by Order no. 3037 of 13 August 1938 of the



Governor General of French Equatorial Africa (AEF), with a
view to conserving this ecosystem. Decree no. 2009-149 of 8
May 2009, which is currently in force, reduces the area of this
reserve to about 95ha, including patches of natural and
artificial forest, administrative and university buildings, and
sports facilities [3]. Currently, the natural forest cover of
Brazzaville is estimated at less than 10% of its original area
[3]. Finally, for the same reasons, the Djoumouna Forest
Reserve, which until 1998 covered around 8.5ha along the
banks of the Djoumouna River, has lost almost 50% of its
cover over the last 20 years or so [25, 26]. The Djoumouna
periurban forest currently covers an area estimated at
4.30ha, of which 3.5ha are developed exclusively on a
portion of the left bank, a private concession of the Catholic
Church housing the Congo Scout camp.

3. Material

The plant material at the centre of this study consists es-
sentially of an inventory of woody plants (trees, shrubs, and
lianas) and grasses in the Djoumouna periurban forest. The
identification of the different taxa was done in situ for the
most common ones. The others were identified in the na-
tional herbarium (IEC) by comparison of herbarium spec-
imens and diagnoses of the flora of Central Africa, Gabon,
and Cameroon. The ordination is based on the [35], while
the adopted nomenclature results from [36]. As for the
ichthyofauna, it is native to the Djoumouna River, while the
terrestrial fauna (mammalian, avian, entomological, and
herpetological) comes from the forest and its surroundings.

4. Methods

The survey, conducted from 6 to 25 September 2018, is based
on an ethnobotanical and socioeconomic questionnaire. It
integrates direct field observations and literature review. The
target population consists of the residents of the Djoumouna
periurban forest.

4.1. Study Area Zoning. The data were collected in the
supposed zone of influence of the Djoumouna forest, which
extends over a radius of 2km around the said formation
(Figure 2). This zone of influence was divided into four
500 m wide concentric bands called “zones,” considering the
forest as the zero (0) point. Zone 1 is located between the
forest and 500 m radius (very close zone); Zone 2 between
500 and 1000 m radius (close zone); Zone 3 between 1000
and 1500 m radius (remote zone); and finally, Zone 4 be-
tween 1500 and 2000 m radius (very remote zone). This
zoning has been subdivided into four dials: dial 1 covering
the northeast part; dial 2 covering the southeast part; dial 3
covering the southwest part; and dial 4 covering the
northwest part [37].

4.2. Socioeconomic and Ethnobotanical Surveys. Surveys
involving 264 households helped to understand the per-
ceptions of the people living in the Djoumouna forest on the
ecosystem goods and services derived from the forest. The
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survey is based on a 47-question questionnaire, corre-
sponding to three sections: identification of the respondent,
authentication of the Djoumouna periurban forest assets,
and investigation of the ecosystem services associated with
the forest.

The questionnaire is based on multiple-choice questions
relating to the identification of tangible (fruit, wood, and
medicinal products) and intangible benefits (improvement
of soil fertility, fight against erosion, cultural and social
aspects, etc.) derived from this forest area. The choice of
households surveyed was made at random, in the different
zones of the dials, and the geographical coordinates of each
of them were recorded. These parameters take into account
the geographical position and distance of the riparian from
the Djoumouna forest.

4.3. Data Processing. The survey data were manually tabu-
lated before processing with Sphinx Plus 2 software, which
allows results to be generated directly using either univariate
or bivariate analysis techniques. The ecosystem services cited
by respondents were classified into three categories based on
the Millennium Ecosystem Assessment [9]: provisioning
services (products derived from ecosystems such as food,
timber, fiber); regulating services (indirect benefits from
ecosystem processes); and sociocultural services (intangible
benefits from ecosystems such as spiritual and religious
benefits, recreation, and ecotourism). Supporting services
were not included in this study, due to the risk of double
counting. Indeed, support services can be considered as
intermediary services, enabling the final services to be ob-
tained. Taking them into account would be tantamount to
considering twice the same function performed by the
ecosystem and from which the population benefits [38, 39].

4.4. Ethnobotanical Indicators. The data collected and
classified were analyzed with some classic ethnobotanical
indicators.

4.5. Frequency of Citation. Citation frequency (CF) was
calculated for each ecosystem service category:

number of citations

CF = 100. 1
(number of respondents) X 100 )

4.6. Use Value. For each category of ecosystem service, a use
value (UV) defined in [40] was calculated. The use value is a
way of expressing the relative importance of ecosystem
services for the population [36-44].

Y

UV ==
n

. (2)
either UVt = Z uv,
1

where U; is the number of citations for each ecosystem
service and n is the total number of informants.
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FIGURE 2: Location of the Djoumouna periurban forest and sampling plan.

4.7. Informant Consensus Factor. The informant consensus
factor (ICF) defined in [44] is generally used in the field of
ethnomedicine to identify culturally important species, agree
on their uses, and possibly consider further studies on them
[44-46]. The value of the ICF varies between 0 and 1 and
indicates a high consensus when it tends towards 1. In this
study, the ICF was calculated for each of the three categories
of ecosystem services:

ICF = (Nur - Nl), (3)

(Nur -1)

where Nur is the number of citations in each ecosystem
service category and Nt is the total number of ecosystem
services comprising it.

4.8. Fidelity Level. This indicator made it possible to cal-
culate the level of fidelity (LF) of informants on the per-
ception of ecosystem services associated with the
Djoumouna forest. This indicator was calculated according
to the formula described in [47]:

NP
LF = <—) x 100, (4)
N

where Np is the number of people who cited a type of
ecosystem service or use and Nis the total number of people
who derive some ecosystem service from it.

5. Results

5.1. Data on the Group of Informants. Among 264 house-
holds surveyed, almost 3/4 (73%) agreed to complete the
questionnaire, 19% of whom claimed not to be aware of the
existence of the Djoumouna forest. Conversely, 27% refused
to take part in the exercise. Taking gender into account, the
group of informants is composed almost equally.

For 143 households surveyed, nearly 3/4 (72.8%) are
located in equal proportions in zones 2 and 3. Zones 1 and 4,
on the other hand, are home to 11.2% and 16.1% of
households, respectively. According to georeferencing, the
informants are classified according to three main axes: east
(Dial 1), southwest (Dial 3), and northwest (Dial 4).

The subjects surveyed in each household are between 15
and over 45 years of age. The characterization of this
population by age group reveals 4 age brackets with a dif-
ference of 10 years (Table 1).

In relation to education, the majority of informants are
at the secondary level (56%). The remaining portion of the
educated is composed of primary (31.5%) and university
(2.8%) levels. Finally, the unschooled fringe corresponds to
9.8%.

Marital status, all types combined, reveals that 54.6% of
informants are married; 42% are single, and finally, 3.5% are
divorced. The analysis of socioprofessional categories shows
that the group of informants is composed of more than 3/4
workers and the remaining portion is made up of students



6
TaBLE 1: Synopsis of the informant group.

Age group Individuals number  Contribution (%)
15-25 years 40 28,0
25-35 years 20 14,0
35-45 years 24 16,8

45 years and over 59 41,3

Total 143 100

(11.2%), civil servants (6.3%), unemployed (2.8%), and re-
tired people (2.1%).

5.2. Ecosystem Services Provided by the Djoumouna Forest.
The riparian’s of the Djoumouna periurban forest identified
fourteen ecosystem services in three categories (Table 2). The
provisioning services include food, fuelwood, traditional
medicine, and wood services. Regarding regulatory func-
tions, riparian cited maintaining air quality, shade, erosion
control, and the role of windbreaks. With regard to socio-
cultural services, the following are recognized: source of
income; recreation and ecotourism; source of inspiration;
fishing; initiation sanctuary; and hunting. Analysis of the
number of citations reveals a clear dominance of regulatory
services over sociocultural and provisioning. This observa-
tion, almost the opposite of what is often expressed, is based
on two facts: the scarcity of natural resources due to the high
level of anthropization and the literacy rate within the group
of informants.

5.3. Provisioning Services. Almost half of the people living
in the Djoumouna forest have recognized the food
function provided by this ecosystem, and more than 1/4
have recognized the provision of wood energy
(Figure 3(a)). These elements being palpable, this evidence
is based on more than one factor of which the impov-
erishment of communities would be the main source.
However, its state of anthropization is such that the al-
location of genetic resources no longer allows this woody
formation to sufficiently meet the basic needs of the
populations, particularly in terms of service wood and
traditional pharmacopoeia.

5.4. Regulatory Services. With the exception of the wind-
break function, for which the number of citations by riparian
in the Djoumouna forest is less than 25%; all others cover
more than the remaining 3/4, overall (Figure 3(b)). Living in
the tropics and particularly in the 4° South latitudes, climatic
conditions are such that populations are well informed about
the value of intangible services, especially trees growing in
housing plots. The low proportion of citations could be due
to a lack of perception of the benefits of the forest by the
majority of the informants. Thus, remoteness may be a factor
that influences the perception of the populations.

5.5. Sociocultural Services. The sociocultural services
provided by the Djoumouna forest are very diverse. Those
that received more than 75% citations overall were
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income source, recreation and ecotourism, and finally,
source of inspiration. The services related to the initiation
sanctuary and hunting with the lowest citation rates
appear marginal (Figure 3(c)). This ecosystem provides
various species of mushrooms, caterpillars, insect larvae,
small rodents, birds, etc. The low rate of citation of
services would be related to the low level of floristic and
specific wealth of this ecosystem. Apart from these
ecological facts, the footprint of anthropization is not an
insignificant fact, as is supported by the source of income
to which fishing and hunting would be added. As for the
other aspects, society is not sufficiently prepared for the
rational exploitation of these services. The highest cita-
tion rates would be associated with the middle class of the
informant group.

5.6. Use Value of the Djoumouna Forest. 'The use value (UV)
of ecosystem services as a whole ranges from 0.65 to 2.04. For
functions, values range from 0.03 to 0.61. The total use value
(UV1) is 3.85 (Table 2). The low values of this parameter are
indicative of a deficit in the exploitation of these products by
the population. Given the level of impoverishment of the
population and the benefits associated with tangible goods,
in particular, this ecosystem is no longer able to satisfy the
duality of provisioning and demand.

5.7. Consensus Factor Informants of Different Ecosystem
Services. Regulatory services are the most cited, with 53% of
the residents of the Djoumouna periurban forest. Far behind
and in order of importance are the sociocultural services,
which have a citation rate of 30.12%, and finally, provi-
sioning services with 16.87%. These data reveal that the
consensus factor of informants for the different categories of
ecosystem services ranges from 0.96 to 0.98 (Table 2). This
index shows unanimity of use of products derived from this
ecosystem by informants. In view of this, the gene pool
should be managed rationally to ensure the perpetuation of
knowledge and, with it, the forest entity for its indirect
services.

5.8. Level of Fidelity of Different Ecosystem Services. The most
prominent ecosystem services are associated with the
regulation service, including maintenance of air quality
and shade. Considered individually, each service receives
less than 25% of the fidelity level. The dispersion of the
fidelity level means that the rate of each ecosystem service
ranges from 0.9 to 15.8%. The range of values for the
overall level of fidelity by service category is between 16.9
and 53% (Table 2). Monitoring of this parameter reveals
that these services are very little used by the population.
This phenomenon could result from the high level of
anthropization that has severely affected the genetic
resources of this periurban forest. As direct goods are
often the most prized, their use highlights regulating
services such as shade, air quality, and the fight against
erosion.



International Journal of Forestry Research 7
TaBLE 2: Ethnobotanical value of the three categories of ecosystem services.
Categories Ecosystem services U; uv LF 2U; UVt ICF 2LF
Human food 42 0.29 7.6
T . Wood energy 25 0.18 4.5
Provisioning services Traditional pharmacopoeia 14 0.10 25 93 0.65 0.96 16.9
Service wood 12 0.08 2.2
Maintaining air quality 87 0.61 15.8
. Shade 84 0.59 15.3
Regulatory services Erosion control 7 0.49 12.9 292 2.04 0.98 53
Windbreak role 50 0.35 9.1
Source of income 48 0.34 8.7
Recreation and ecotourism 44 0.31 8.0
. . Source of inspiration 35 0.24 6.4
Sociocultural services Fishing 21 015 38 166 1.16 0.96 30
Initiation sanctuary 13 0.09 2.4
Hunting 5 0.03 0.9
Total 551 100 100 551 3.85 2.90 100

U;: number of citations for each ecosystem service; ZU;: number of citations in each ecosystem service category; UV: use value of each ecosystem service;
UVt: sum of use values in each ecosystem service category; LF: level of fidelity.

6. Gender Perceptions of Ecosystem Services

6.1. Provisioning Services. Men are the most active in the
exploitation of ecosystem services in the provisioning
services category. The focus is on food with 40% of the
citations (Figure 4(a)). With regard to the data, the re-
lationship between the number of citations and gender on
diet marks the low production state of this ecosystem.
Indeed, the dietary trait is not supported not by the
gathering species other than mushrooms, but by wildlife
products. It should be noted that hunting and/or trapping
is an almost exclusively male activity. As for activities
where women excel, the scarcity of products following
anthropization practically excludes this group of forest
users. By considering the whole from a statistical point of
view, the Mann-Whitney test (P value 0.38 > 0.05) reveals
that men and women benefit equally from the provi-
sioning services generated by the Djoumouna periurban
forest. Thus, men’s hyperactivity on these services is only
relative.

6.2. Regulating Services. Men are more alert to regulatory
services than women. Both genders cite shading, main-
tenance of air quality, and erosion control (Figure 4(b)).
This result would be the consequence of an empirical
education associated with urban arboriculture and
mainly trees from housing concessions. In addition to
this aspect, the high rate of educated informants could
play in favor of these preferences. In this respect, men
symbolize a favored and dynamic group for school
training, compared to women who are often victims of
sociocultural constraints. In the perception of regulation
services induced by the Djoumouna periurban forest, the
Mann-Whitney test (P value 0.030 <0.05) reveals sig-
nificant gender differences. This confirmation of the place
of men in the management of regulatory services would
be associated with the natural distribution of tasks and
functions within this culture.

6.3. Sociocultural Services. The operation of sociocultural
services is in favor of men over women. Although the trend
is the same within both genders, men’s quotations are far
above those of women. Recreation and ecotourism are
favored over sources of inspiration and income, and
hunting (Figure 4(c)). The primacy of men’s exploitation of
sociocultural services would be correlated with the dif-
ference in the education of boys and girls. The fact of
considering the sociocultural aspects of the two genders
differently would explain the high number of male citations
for the services provided by forests in general. The very
limited level of the forest’s genetic resources, especially
those associated with female activities, is a hindrance for
this group of operators. Following the exploitation of the
benefits due to sociocultural services in the Djoumouna
periurban forest, the Mann-Whitney test (P value
0.04 < 0.05) reveals significant differences between genders.
The activities associated with this component are mostly
devolved to men, a consequence of the social values em-
bodied by women.

7. Perceptions of Ecosystem Services by
Age Group

7.1. Provisioning Services. The four selected provisioning
services are mostly cited in the 15- to 25-year age group. This
activism is noted for all ecosystem services in this category. It
is also materialized in all age groups, but to a much lesser
degree of citation (Figure 5(a)). The craze of the 15- to 25-
year-olds could easily be explained by the fact that only this
bracket finds satisfaction in what remains as a gene pool,
especially wildlife. It should be noted that this situation is
amplified by anthropization, which has seriously impacted
the plant genetic resources of this forest ecosystem, likely to
attract the other age groups. With regard to the provisioning
services generated by the Djoumouna periurban forest, the
Kruskal-Wallis test (P value 0.18 >0.05) does not highlight
significant differences between subjects of different age
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FIGURE 3: Ecosystem services provided by the Djoumouna forest: frequency of citation of sampling services (a); frequency of citation of
regulatory services (b); frequency of citation of sociocultural services (c).

groups. This result reveals that the dominance of the 15- to
25-year age group is only relative. Indeed, everyone benefits
equally from the benefits provided by the Djoumouna
periurban forest.

7.2. Regulating Services. The majority of regulatory func-
tions are recognized in the 15- to 25-year age group
(Figure 5(b)). Among these, shading, maintenance of air
quality, and erosion control are the most cited. This trend
is expressed almost with less acuity in the other age
groups. The high number of citation rates would be re-
lated to the 15- to 25-year age group within the informant
group. As these services embody the virtues of trees in
general, the population has an assimilated perception of
the benefits derived from the subjects of the housing
plots. According to the Kruskal-Wallis test (P value
0.63 > 0.05), no significant difference was noted between
individuals of different age groups on the benefits of
regulation services dependent on the Djoumouna peri-
urban forest. As with provisioning services, no one age
group benefits more than others in the operation of all
regulation services.

7.3. Sociocultural Services. Residents of all age groups fa-
vored the source of income, depending on the number of
citations. Recreation and ecotourism, the source of

inspiration, and fishing followed (Figure 5(c)). The 15- to 25-
year-olds are the most active segment of the informant
group and their needs can only be met by using forestry
services. To this end, these 15- to 25-year-olds rake in all the
available forest resources, concomitantly amplifying
anthropization and phytogenetic exhaustion. According to
the Kruskal-Wallis test (P value 0.06 > 0.05), no significant
differences were revealed between individuals of different
age groups in relation to the sociocultural services resulting
from the Djoumouna periurban forest. This result is justified
insofar as the majority of users would be neocitizens whose
traditional education means that a subject of about fifteen
years, albeit a minor, would have to be autonomous in order
to lead his or her life.

8. Perception of Ecosystem Services by
Education Level

The perception of ecosystem services by residents of the
Djoumouna periurban forest is not correlated to the level of
study. Whatever the service considered (provisioning ser-
vices, regulating services, and sociocultural services), the
Kruskal-Wallis statistical test does not reveal significant
differences. All the observations of dominance made are
purely relative. Indeed, the users would be empirically ed-
ucated on the exploitation of the materials that guarantee
their existence.
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8.1. Provisioning Services. The level of education has almost
no effect on the perception of the people living in the
Djoumouna forest. Whatever the level, the number of ci-
tations is almost the same for all ecosystem services, except
wood energy (Figure 6(a)). A detailed analysis of the level of
education reveals a proportional evolution between the level
of education and the perception of ecosystem services. In
connection with the level of study of the individuals, with
regard to the provisioning services provided by the Djou-
mouna periurban forest, the Kruskal-Wallis test (P value
0.68 > 0.05) did not reveal any significant differences. Since
harvesting services are dependent on the good health of the
ecosystem, this would be explained by the level of
anthropization, the consequence of which is the allocation of
resources in terms of quality and quantity.

8.2. Regulating Services. Residents’ perceptions of regulatory
services are influenced by educational attainment. People at
the university level (over 60%) favored maintaining air
quality and the role of windbreaks. Those at the primary and
secondary levels have more or less the same perception of the
regulating services (Figure 6(b)). Educational attainment
significantly influences the perception of ecosystem services
and more specifically those of regulation. Indeed, these
intangible elements are still not easily understood.
Depending on the level of study, the Kruskal-Wallis test (P
value 0.86 > 0.05) shows no significant differences between
subjects on the benefits relating to regulation services in the
Djoumouna periurban forest. The values of regulatory
services are of secular use in this society, at the traditional
limit, and confronted with the hazards of nature.
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8.3. Sociocultural Services. Regardless of the level of edu-
cation of local residents, recreation and ecotourism are, in
that order, the most prized ecosystem services, both as a
source of income and inspiration. Fishing, hunting, and
cultural remain marginal (Figure 6(c)). Perception of so-
ciocultural services is associated with educational attain-
ment. The higher the level of education, the wider its
footprint should be, but the low level of diversification of this
ecosystem is a major handicap in reading this table. In
relation to the sociocultural services resulting from the
Djoumouna periurban forest, no significant difference was
revealed by the Kruskal-Wallis test (P value 0.42 > 0.05) on
the level of education of individuals. The low level of ex-
ploitation of sociocultural services would be based on the
high level of degradation of this ecosystem, which has
strongly affected natural resources.

9. Perception of Ecosystem Services by
Marital Status

Regardless of the ecosystem service under consideration, the
statistical data reveal that there are no significant differences
in the different cases or even services.

9.1. Provisioning Services. Depending on marital status,
single people are the most active group in the exploitation of
ecosystem services. Except for the traditional pharmaco-
poeia where divorced people are dominant, single people
stand out in terms of the number of citations. Fine analysis
of the number of citations by group and ecosystem service
shows that there is a very little divergence of use associated
with status (Figure 7(a)). The low level of use of this
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ecosystem and exploitation of resources would be inherent
to the lack of supply. As pointed out, this supply of natural
resources provided is very often the victim of its very ex-
tensive anthropization. However, it should be noted that
single people (single and divorced) are more exposed or even
vulnerable to the vicissitudes of society. In order to satisfy
their daily life, natural ecosystems are most often, trans-
formed into a source of reserves on the ground for this social
category. In the exploitation of the provisioning services
generated by the Djoumouna periurban forest, the Krus-
kal-Wallis test (P value 0.57>0.05) does not show any
significant difference between the individuals making up the
age groups.

9.2. Regulating Services. Regulation functions are popular
with local residents regardless of status. Despite small
variations in the number of citations, all recognize in this
order shading, erosion control, and maintenance of air
quality (Figure 7(b)). Marital status has very little influence
on the exploitation of the indirect benefits of the Djoumouna
periurban forest. This notion, as is very often the case, is
intimately correlated with the benefits derived from the tree
enthroned in its housing concession. With regard to the
benefits derived from the regulation services of the Djou-
mouna periurban forest, the Kruskal-Wallis test (P value
0.40 > 0.05) does not reveal any significant difference be-
tween the individuals forming the different age groups. This
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value in intangibles can be difficult to apprehend for “or-
dinary people.”. Thus, its relationship to marital status is not
easy to assess.

9.3. Sociocultural Services. In relatively little difference in the
number of citations, the residents of the Djoumouna forest
choose recreation and ecotourism as sources of inspiration
and income (Figure 7(c)). In relation to marital status, di-
vorced and single people form the group that has more
pressure on ecosystem services. As is the case with provi-
sioning services, single people are most dependent on
benefits from urban forest ecosystems. About the socio-
cultural services generated by the Djoumouna periurban
forest, the Kruskal-Wallis test (P value 0.35 > 0.05) does not
reveal any significant differences between individuals of

different age groups. The observation of statistical data does
not seem to reflect the observed facts. In spite of the very low
level of user attendance, these results could highlight un-
admitted societal facts.

10. Perception of Ecosystem Services as a
Function of Socioprofessional Activity

10.1. Provisioning Services. The majority of students cites the
provisioning services selected. Preference is given to food,
fuelwood, and service wood (Figure 8(a)). The same trend is
observed for all the others, but generally to a much lesser
degree of citation. The tendency to exploit provisioning
ecosystem services is greater among students than among
other socioprofessional categories. This social stratum,
which is often poor, uses the services provided by the
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Djoumouna forest to cover the financial needs inherent to
their student survival. In spite of the floristic and specific
poverty of this ecosystem, this social stratum, which takes in
far more than others, accentuates the phenomenon of
anthropization and thus the erosion of resources. With
regard to the provisioning services generated by the
Djoumouna periurban forest, the Kruskal-Wallis test (P
value 0.43>0.05) does not show significant differences
within the socioprofessional categories.

10.2. Regulatory Services. Maintaining air quality and acting
as a windbreak are the control functions emphasized by
retirees and partly by unemployed residents (Figure 8(b)). It
should be noted that the proportion of citations is around
60% of the ecosystem services of shade and erosion control

for students, retirees, and civil servants. Although retirees
and civil servants are the only ones to stand out on the
windbreak function, the level of perception of ecosystem
services is subidentical for all. These nonpalpable services are
best perceived by people with at least a secondary education,
despite the known empirical management of these facts. The
Kruskal-Wallis test (P value 0.70 > 0.05) reveals that there is
no significant difference between the socioprofessional
categories when exploiting the benefits of the regulation
services provided by the Djoumouna periurban forest.

10.3. Sociocultural Services. Unemployed local residents
carry ecosystem services such as inspiration, recreation, and
ecotourism (Figure 8(c)). In this category of services, the
students’ footprint in the exploitation of services provided
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by the Djoumouna periurban forest is well marked. In view
of their vulnerability, the students rake in forest resources
that are barely available to meet their needs, as in the case of
provisioning services. In contrast, students speculate on the
source of income with 50% citations. However, retirees’
contribution is noticed for services such as inspiration,
recreation, and ecotourism. Analysis of the citation rates
reveals a dispersion of views on the perception of these
ecosystem services. Thus, regardless of the ecosystem service
or the status of the riparian, the number of citations is barely
around 30%. According to socioprofessional categories, the
Kruskal-Wallis test (P value 0.23 >0.05) reveals that no
significant difference is noted in the exploitation of regu-
lation services derived from the Djoumouna periurban
forest.

11. Discussion

11.1. Trends in Ecosystem Services. The data collected clearly
show that the Djoumouna forest occupies a cardinal position
in meeting the daily needs of the surrounding populations.
In relation to the three ecosystem categories, the main
services retained derive from harvesting, in no order of
importance, are food, fuelwood, pharmacopoeia, and service
wood [47]. Certain forest products often provide these
services, separately [48-50]. By considering social classes,
the study reveals unexpected facts about the perception of
ecosystem goods and services by the population. The latter
most often ranks regulating services ahead of sociocultural
services and provisioning services. Despite the scarcity of
these products in this ecosystem, this observation could be a
first highlighting the ecological awareness of the people
living in the vicinity of this forest ecosystem [48, 50, 51]. In
most cases, studies that have addressed all categories of
ecosystem services have mainly reasoned in terms of plant
communities and have rather sought to list the species that
contribute to the different categories of ecosystem services;
this does not allow the identification of all the ecosystem
services associated with an entire forest area [52].

11.2. Dependence of the Population on the Forest. The
Djoumouna forest provides livelihoods for local residents by
providing them with NTFPs of both plant and animal origin.
As is most often the case, the food component constitutes the
first service in the provisioning services category [10, 51]. In
spite of the provisioning services, these NTFPs are also a
source of income for local residents who are heavily involved
in the trade of these products. The source of income ranks
first in the category of sociocultural services, which high-
lights the dependency of the populations on this forest area
requiring sustainable management [53-55]. In addition to
the abovementioned aspects, the Djoumouna periurban
forest remains a tourist and recreational centre for more
than one riparian [56, 57]. This attractiveness, underpinned
by various reasons, increases its vulnerability to ever-in-
creasing anthropogenic pressure [41, 58-61].

The people most dependent on the Djoumouna forest are
men, especially those aged 15 and 25 and those over 45. The
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reasons for this are many and varied. The foundations are to
be found in the functioning and dynamism, and even an-
tagonism, of worldly and rural societies.

11.3. Population and Forest Dependence. People’s perception
of the ecosystem services provided by the Djoumouna
periurban forest decreases in proportion to their overall
distance from the forest. However, the level of perception of
regulation services, even in the very remote area, is not
marginal. This observation authenticates that the regulatory
functions provided by this ecosystem impact beyond the
zone of influence of this study. The scope of the regulatory
services provided by the Djoumouna periurban forest is not
limited to the local scale but can be regional [10].

The consideration of remoteness as a distinguishing
criterion is a major data showing that the highest use values
are associated with the first zones. These values reflect the
strong relationship of dependence of the populations of the
nearby areas on the forest [37]. The low levels of use values in
the remote and very remote areas would be explained,
notwithstanding distance and socioprofessional categories,
by the poverty and scarcity of nonligneous forest products
(NTFPs), especially animal products in this ecosystem. As
such, the Djoumouna periurban forest is not attractive to the
residents of Zones 3 and 4, who are usually overtaken by the
cooperators of Zones 1 and 2.

Based on the data collected on the direct and indirect
benefits generated by the Djoumouna periurban forest, local
residents derive an added value associated with intangible
compensation. This value confers a high use value and a high
fidelity level to the ecosystem services associated with this
ecosystem [62].

11.4. Analysis of Anthropogenic Pressure. Many people
around the world, particularly in developing countries, still
rely heavily on wood energy for cooking and heating [63].
This observation is also true for the residents of the Djou-
mouna periurban forest. Indeed, the majority of households
surveyed in this study use dead wood as their main source of
domestic energy [41-65]. Furthermore, service wood is the
most recent ecosystem service retained in the category of
harvesting services. Indeed, the private forest status of the
Djoumouna periurban woody formation strictly prohibits
the artisanal exploitation of wafers or service wood [62].
The traditional pharmacopoeia, due to the prohibitive
costs of modern medicine, is the primary recourse of more
than one resident [66, 67]. The therapeutic virtues of the 9
species selected by the survey being proven, several of them
present high informant consensus factor values. Examples
include Quassia africana and Sarcocephalus latifolius whose
therapeutic value is not in doubt [68, 69]. The values of the
informant consensus factor can be interpreted as indicating
anthropogenic pressure on these taxa [41, 59-61]. Indeed,
Quassia africana and Sarcocephalus latifolius, which are very
abundant and easily accessible, are much in demand for their
antimalarial properties. However, the exploitation of sa-
vannah species such as Sarcocephalus latifolius, Aframomum
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stipulatum, and Senna occidentalis proves that local residents
do not depend solely on the Djoumouna forest.

The informant consensus factor would be a discrimi-
nating element facilitating a synoptic view of the diversity of
ecosystem services at the forest scale and an assessment of
the relative importance of each of the categories represented
[41, 51, 70].

12. Conclusion

The study highlights the ecosystem services provided by the
Djoumouna periurban forest to the riparian populations.
Their perception and the uses they make of it are the
foundation of the work. The provisioning services, which are
most valued by the riparian populations, provide both plant
and animal nontimber forest products (NTFPs). In addition
to the NTFPs that have a palpable value, the influence of this
woody formation via the regulating services clearly exceeds
the zonal situation.

In terms of the degree of exploitation of this ecosystem,
the populations in the first areas (near and very near) are
more dependent than those in the remote and very remote
areas. Considering gender and age groups, men derive a
greater share of benefits than women, whereas 15- and 25-
year-olds and 45-year-old and over represent the fringe that
frequents the forest the most. In social terms, the majority of
the occupants are secondary school students, single people,
and finally old retirees, especially divorced people with a
university background.

Finally, the Djoumouna periurban forest is under strong
anthropogenic pressure due to the abusive and uncontrolled
use by local residents, which leads to a decrease in biodi-
versity and with it a decrease in the value of ecosystem
services. Data on bioecological and ethnobotanical knowl-
edge coupled with data on the perception of ecosystem
services by local residents would be assets for developing a
strategy for the conservation and sustainable management of
biodiversity in the urban and periurban forests of Brazza-
ville. This would be a guarantee of a resilient city and the
assurance of better living conditions for its citizens.
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