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Abstract: Research on ecosystem services (ES) has become central to landscape planning, framing
the relationship between people and nature. In Sub-Saharan regions, local communities rely heavily
on wetlands for various ES. For the first time, we assessed perceptions of ES provided by these
wetlands, focusing on marshes, peatlands, swamps, and inland valleys/floodplains in eastern DR
Congo. Fieldwork combined with a survey of 510 households, using both open-ended and 35 direct
questions, evaluated perceptions of wetland ecosystem services (WESs). The most frequently re-
ported WES were provisioning (38%) and regulating (24%), while supporting (22%) and cultural
(16%) were less mentioned. These perceptions varied across wetland types and among communities
based on gender, religion, seniority in wetland use, land tenure, and educational level. Rural com-
munities had a deep relationship with nature, shaped by cultural, economic, and geographical fac-
tors. Wetlands are viewed positively as sources of goods but also negatively as sources of diseases.
A structural equation model (SEM) helped in identifying four latent variables—livelihood,
knowledge, personal, and geographical factors—driving WES perceptions. These findings are rele-
vant for developing wetland management policies and suggest including community engagement
and collaboration in wetland restoration and regulatory frameworks.

Keywords: wetland ecosystem services (WES); community perception; wetland types; household
survey; structural equation model (SEM); sustainable development; D.R. Congo

1. Introduction

Wetlands are among the most critical and productive ecosystems, providing a wide
range of ecosystem services (ESs) supporting both ecological stability, human well-being
and livelihood [1,2]. Their destruction, management and protection significantly impact
on sustainable development goals. These ESs include water purification, flood regulation,
carbon sequestration, and the provision of food and raw materials. They also support bi-
odiversity, offering habitats for a wide range of plants and animal species, including many
that are endangered or endemic [1-7]. Wetlands are considered as an area of land, usually
flat, where the soil is saturated or flooded with water either permanently or seasonally.
They include different types according to the region, climate, topography, and terrain,
going from bogs, to mangroves, deltas, marshes, swamps, peatlands, floodplains and in-
land valleys, etc. [1,3].

In Sub-Saharan regions and eastern Democratic Republic of Congo (DRC) in partic-
ular, wetland ecosystems play a vital role in supporting the socio-economic and environ-
mental needs to local communities [4-6]. Their role in climate mitigation through carbon
sequestration and contaminant and pollutants reduction are also well demonstrated in

Sustainability 2024, 16, 7073. https://doi.org/10.3390/su16167073

www.mdpi.com/journal/sustainability



Sustainability 2024, 16, 7073

2 of 31

such a way that community assessments of ES by different wetland habitats have become
common in recent years [2,7]. Despite their importance, however, wetlands still face nu-
merous threats, including degradation, pollution, and encroachment, which jeopardize
their ability to continue providing essential services to the people who depend on them.
These increasing threats are both anthropogenic and natural pressures. This is particularly
high the last century in all the regions from the equator to the polar climate [8-12]. Based
on their diversity and the role they play, special attention should be given to these areas.

Recognized as the contribution of wetland ecosystems to human well-being and clas-
sically comprise provisioning, regulating, supporting, and cultural services, wetland eco-
system services (WESs) constitute and are considered as an abstract tool that integrates
community—nature relationships and contribute to policy implementations and reinforc-
ing practices for the wetland sustainable use [13,14]. In fact, WESs are referred to as the
benefits that ecosystems provide to human well-being [1]. They combine the benefits peo-
ple obtain from wetlands or the direct and indirect contributions of ecosystems to human
well-being, derived from acknowledgement that humans fundamentally rely on the range
of benefits provided by healthy ecosystems [15,16]. These WESs are generally grouped in
four classes (provision, support, cultural, and regulation) that provide a conceptual frame-
work for understanding the interactions between humans and the natural environment,
aiding in the development of effective policies and strategies for sustainable ecosystem
management [17]. Furthermore, as suggested by Lhoest et al. [18], to understand the com-
plex social-ecological systems, social approaches are needed to ensure optimal provision
of ESs on which community rely. Therefore, integrating community perceptions is essen-
tial for management, decisions, and strategical sustainability.

South-Kivu province, located in eastern Democratic Republic of Congo (DRC), is
home to diverse types of wetlands. Estimated at ~13.5% (898,690 ha), these areas are rich
and diverse and include marshes, swamps, peatlands, floodplains, bogs, lakes, rivers,
floodplains/inland valleys, etc. Wetlands serve as critical habitats for numerous plant and
animal species, while also offering a range of ES to local communities. From providing
clean water for drinking and irrigation to supporting fisheries, agriculture, and cultural
practices, the services rendered by these wetlands are indispensable for the socio-eco-
nomic development and resilience of communities in the region. They are found across all
territories, climates, topographies, and the overall landscape of the region [19]. The prov-
ince is a region marked by its post-conflict status and presents a unique landscape where
the interaction between humans and nature is both intricate and vital. However, they con-
tinue to face various forms of anthropogenic pressures leading to their degradation and
loss [20,21]. Although these areas provide these ecosystem services, they also have nega-
tive aspects, particularly related to the resurgence of diseases such as malaria, tsetse fly,
typhoid fever, etc.; livelihood and water-related diseases are strongly linked to wetland
management. In fact, the degradation and contamination of water from wetland use has
the potential to spread disease coming from microorganisms and increase breeding habi-
tats for disease vectors [22-25].

The services provided, their perceptions, and drivers have not yet been documented
in the area. Nevertheless, these would form the foundational elements for any restoration
interventions or the initiation of “wise use” of these areas, within the sustainable devel-
opment framework. In fact, the Ramsar Convention on wetlands highlighted the “wise
use” concept by conserving the ecological character of wetlands while managing the so-
cio-economic value these landscapes hold for different stakeholders. It refers to the sus-
tainable utilization of wetlands for the benefit of humanity in a way that is compatible
with maintaining the natural properties of the ecosystem, emphasizing the balance be-
tween conservation and sustainable development [26-28]. It is therefore essential to con-
duct a detailed study on the services these wetlands provide to the local communities, the
communities’ perceptions of these areas, and the factors influencing these perceptions in
the context of a post-conflict region characterized by unique land tenure, diversity in com-
munity and beliefs, and generally contrasting sociodemographic situations.
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The concept of ecological sustainability of wetlands has been developed in recent
decades to guide decision-makers towards ecological sustainability; in DRC, a compre-
hensive assessment of wetland ecosystem services (WESs)—which is an approach that
generally incorporates relevant integrated assessment methodologies with mixed per-
spectives (ecological, economic, and social) [2] —is required. Ecological methods evaluate
the functions and biophysical properties of ecosystems, while economic methods assign
monetary values to ES. Many studies, however, propose social approaches that provide
more details and attempt to thoroughly detail the elements [13,29]. In South-Kivu, the
socio-political context adds layers of complexity to wetland management. The region has
been grappling with instability, leading to fragmented governance and competing land
use interests. Land tenure issues, lack of effective governance, and poverty drive commu-
nities to exploit wetland resources unsustainably.

Despite the essential role that wetlands play in South-Kivu, there is a significant gap
in understanding how local communities perceive and value the ESs provided by these
wetlands. Most studies on ES tend to focus on ecological and economic assessments, often
neglecting the social and cultural dimensions that are crucial for comprehensive manage-
ment strategies [2,7,30]. In South-Kivu, where traditional knowledge and community en-
gagement are vital for sustainable resource management, this gap in understanding may
pose a challenge to effective wetland conservation and use. Furthermore, rural communi-
ties have a deeply intertwined relationship with their natural environment. In fact, wet-
land ecosystems are not only sources of material benefits but also hold cultural and social
significance. Wetlands' role in health risk and water-related infections disease according
to Anthonj et al. [23] are both sides of the coin. The perceptions of health risk and local
knowledge on water-related infectious disease exposure from wetlands in rural commu-
nities combined with ongoing generational shift and changing socio-economic dynamics
further complicate this relationship, making it essential to capture and understand these
perceptions and interactions comprehensively.

In this article, we focused our discussion within a context that concerns how different
local communities from South-Kivu interact with the wetland’s nature, with a focus on
ecosystem services (ESs). We adopted and developed a fieldwork and quantitative ap-
proach in accordance with the guidance from Morrison et al. and Moge al. [7,31] to de-
velop an understanding of the functional processes of wetlands that underlie and support
all ecosystem services. Given that the functions and processes of wetlands are strongly
influenced by variations in edaphic and climatic characteristics specific to different geo-
graphic areas, it is important to recognize that there is often significant variation in WESs
between different geographic regions and how this is perceived by communities. Even for
ES shared across regions, the level and value at which a particular service is expressed
and perceived may differ [2,32]. Despite ongoing debates between stakeholders, research-
ers, etc. around the concepts of ecosystem services (ESs) and nature’s contributions to the
well-being of users, the adoption of the ES framework while integrating social methodol-
ogies into assessments is advisable in regions such as South-Kivu, considering local reali-
ties. This integrated approach will highlight the importance of considering ecological, ge-
ographical, and social perspectives in the approach to sustainable use. Studies have to
highlight the multiple ESs provided by wetlands and how knowledge of ESs can be used
to inform land-use decisions affecting sustainability.

As above mentioned, there is a lack of awareness and understanding among policy-
makers, stakeholders, and local communities about the value of wetlands and the need
for their conservation and sustainable management. Local-scale assessments of multiple
ES provided by eastern DRC wetlands are urgent and crucial, but none has been made
yet. Several communities, users, and stakeholders with contrasting interests influence
these complex social-ecological systems and uses of resources, and constitute a high-pri-
ority stake considering their contribution to rural life quality in a high-poverty context
[20,21]. It is also essential to comprehend how these stakeholders’ perceptions of ES are
shaped by their wetland environment such as water regime, slope, location (referred to
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here as accessibility), and by socio-demographic characteristics to properly align wetland-
planning strategies with communities’ needs and uses in a sustainable manner. The ques-
tions of land tenure, religious belief, and socio-economic situations in a conflict-affected
region could also be significant elements shaping the perception that communities have
about a space.

This research aims to develop a holistic understanding of the functional processes of
wetlands that underlie and support all ecosystem services with social methodologies. This
approach underscores the significance of considering social perspectives in the sustaina-
ble use and management of wetlands in South-Kivu. The overall objective of this study is
to contribute to conservation initiatives and wise use of wetlands through the understand-
ing of services provided. Specifically, this study: (i) assessed the ecosystem services pro-
vided by small wetlands to local communities in South-Kivu, eastern DRC, (ii) sought to
understand the perception of ESs provided by wetlands, and (iii) examined the factors
driving the community perceptions. We hypothesized that the ESs provided varied de-
pending on the local community characteristics and wetland types; that both sociodemo-
graphic and geographical factors significantly drive the community perception of WES.

2. Materials and Methods
2.1. Study Area

This study was conducted in the South-Kivu province eastern DRC, known for its
diversity in wetland areas. Estimation indicated that nearly ~13.5% (898,690 ha) of the
province’s surface is covered by wetlands; these wetlands are rich and diverse, located
mainly in the southern and western territories rather than the eastern ones [12].

From a biophysical and socio-economic perspective, South-Kivu features a range of
climates, including equatorial and humid tropical climates with some areas experiencing
a tendency towards dryness, as well as temperate climates influenced by altitude [33,34].
The climate varies from Aw to Cf and Cw according to Koppen-Geiger classification (Fig-
ure 56) [35]. The topography is also diverse, ranging from low-altitude forested areas in
the south and west to steep slopes, hills, and mountains along the Mitumba mountain
range (Figure 1). The province is rich in forest cover, ranging from primary to secondary
forests, with mountainous terrain prevalent along the Mitumba range, boasting peaks
reaching up to ~3200 m in the high altitudes near Minembwe and Mount Kahuzi at ~3540
m. Hydrologically, South-Kivu is rich, featuring a diversity of rivers and lakes, including
the Tanganyika and Kivu lakes.

Socioeconomically, a mix of rural and urban populations engaged in agriculture,
trade, and other economic activities characterizes the province. The province remains fac-
ing challenges such as limited infrastructure, socio-political instability, and the presence
of armed groups, which affect livelihoods and development efforts. Despite these chal-
lenges, South-Kivu is rich in cultural diversity and natural resources, offering opportuni-
ties for sustainable development and growth [36]. The population, ethnic diversity, reli-
gious dynamics, and land tenure arrangements in South-Kivu as elsewhere in the world
contribute to the unique cultural and social fabric, while also presenting challenges and
opportunities for governance, development, and conflict resolution. South-Kivu province
has a diverse population (~6.2 million, among which 47% living in rural areas) comprising
various ethnic and religious groups, as well as different forms of land tenure [33,37-40].
Firstly, ethnically, South-Kivu is home to numerous groups, including the Bashi, Lega,
and Hunde among others. These ethnic communities have distinct cultural traditions, lan-
guages, and social structures, contributing to the province’s rich cultural diversity [33,41].
Secondly, South-Kivu religiously reflects a mix of beliefs and practices. While Christianity
(particularly Catholic and Protestant) is prevalent, there are also adherents of Islam and
traditional African religions. This religious affiliation often plays a significant role in shap-
ing social norms, community dynamics, and daily life and is supposed to affect commu-
nity perceptions [37]. Thirdly, it exhibits a variety of arrangements in terms of land tenure.
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Traditional land tenure systems, based on customary practices and communal ownership,
are prevalent in rural areas, where land is often passed down through generations within
families or clans. However, there are also instances of individual land ownership, partic-
ularly in urban and peri-urban areas, where formal land titling processes may apply. Ad-
ditionally, land tenure in South-Kivu is influenced by legal frameworks, customary laws,
and historical factors, leading to a complex landscape of land rights and access. In general,
the majority of land belongs to the church, the state, or local authorities (commonly re-
ferred to locally as “mwami”, who allocate them to these notable figures, who then be-
come landowners). This makes access to land difficult for small-scale farmers, who there-
fore remain tenants of small plots of land [42,43].
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Figure 1. Study area showing the Democratic Republic of Congo (DRC) (a), the South-Kivu province
(b), and wetland types selected in the South-Kivu province in eastern DRC. Dots represent the farms
surveyed during field works (c). The overlay at the South-Kivu province represents the digital ele-
vation model from ALOS PALSAR of 125 m spatial resolution (downloaded from:
https://www .eorc.jaxa.jp/ALOS/, accessed on 20 May 2024).

2.2. Wetland Diversity in South-Kivu

Given that a diversity of wetlands exists in South-Kivu, we hypothesized that per-
ceptions and their drivers varied from one type of wetland to another [32]. Other factors
such as accessibility, morphology, and water regime in these areas would also influence
their perceptions. In fact, water regime (permanently or temporary) is a potential source
of influence on local community perceptions when it comes to wet ecosystems [2,44].
Based on the spatial distribution and morphological characteristics obtained from Chuma
et al. [19], coupled with topographic, climate, and accessibility factors, we conducted a
multifactorial analysis followed by hierarchical clustering. Four types of wetlands were
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therefore identified in South-Kivu. Taking into account security, financial, and accessibil-
ity constraints, one wetland per type was selected as case study (Figures 1 and S1).

In the following paragraph, we provide a summary of these four types, namely
marshes, swamps, floodplains/inland valleys, and peatlands. Overall, while marshes and
swamps differ primarily in their vegetation composition, floodplains/inland valleys are
characterized by periodic inundation, and peatlands are distinguished by the accumula-
tion of organic matter (OM). Marshes are wetlands characterized by shallow water and
the presence of emergent herbaceous vegetation, such as grasses, sedges, and reeds
[45,46]; while swamps are wetlands dominated by woody vegetation, such as trees and
shrubs, in addition to herbaceous plants [47-49]. They typically have standing water for
most of the year and are found in low-lying areas with poor drainage, such as river flood-
plains and coastal regions. Floodplains/inland valleys refer here to low-lying areas or de-
pressions in the landscape that are periodically inundated by water, often during heavy
rainfall or seasonal flooding events mainly used for rice production and vegetables (Fig-
ure S1). These valleys may support various types of vegetation depending on factors such
as soil type, water depth, and frequency of flooding [30,50]. Peatlands, also known as bogs
or mires, are wetlands characterized by the accumulation of organic matter (peat) derived
from partially decomposed plant material. They typically have acidic, waterlogged con-
ditions and are dominated by mosses and other moisture-loving plants. They are mostly
identified as high-altitude peatlands [51,52]. Figure S1 shows satellite images (extracted
from Google Earth Pro) of the four types of wetlands considered in this study.

2.3. Methods
2.3.1. Sampling Strategy and Questionnaire Survey

A socioeconomic household survey was conducted from December 2023 to January
2024. We conducted structured interviews in Kiswahili and other local languages (Mashi
and Kifuliru). A total of 510 households (out of 123,562 households) in the community
living in the vicinity of the selected wetlands were interviewed with the designated head
of each household (used questionnaire available at the link: https://ee.ko-
botoolbox.org/x/fYETA7Fe, accessed on 20 February 2024). Two field technicians, seven
students from UEA, and two field assistants (e.g., local leaders, local NGO members)
helped with performing the interviews. To ensure an identical manner of undertaking
interviews, collaborators were trained and agreed on the questioner standard before field
deployment. We adopted a systematic random sampling (based on an estimation of the
minimal number of respondents needed to reach accuracy of 5%) in the villages around
the selected wetlands. The sample size was calculated by applying the formula imple-
mented by (https://www.surveymonkey.com/mp/sample-size/, accessed on 5 November
2023) as suggested by Israel [53]. A total of 510 households (HH) were necessary to achieve
representative results, leading to 250 users of marshes, 124 of floodplains/inland valleys,
74 of swamps, and 62 of peatlands. To ensure the data's reliability, we proposed to work
exclusively with the users of wetlands. Since perception is better analyzed when the peo-
ple concerned are directly in contact with the object being analyzed, we went to meet the
users in the wetland areas where they work.

(a) Household characteristics

Seven sociodemographic characteristics were considered including age class, gender,
ethnicity, religious belief, educational level, main activity, and household’s monthly in-
come. These factors were chosen based on the existing literature in the region regarding
the socioeconomic determinants of perception [7,31,41,54]. Only religious belief and land
tenure were considered typically relevant due to their connection with land status in
South-Kivu [43]. Indeed, the majority of the land in rural South-Kivu designated for agri-
cultural activities belongs to traditional chiefs (locally known as “mwami”) and the church
(either Protestant or Catholic). This allowed us to hypothesize that perception would vary
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depending on the community’s religious affiliation as well as these aforementioned de-
mographic variables.

(b) Farm characteristics

Information related to fields and activities in the wetlands was collected. Four sup-
plementary variables were integrated, including the seniority in activities in the wetlands,
land tenure, the farm size, and the drainage type (whether it is complete, partial, or not
drained). Since the majority of wetlands are used for agriculture and brick making [20,21],
coordinates were collected for all surveyed wetland users. To highlight the accessibility
and use of wetlands, these coordinates were exported into a GIS tool, and the Euclidean
distance (ED) to the nearest road, village, and market was calculated, then the values were
extracted. This represented the distance between the utilised fields in the wetland and
these infrastructures, depending on whether they are closer to or farther from these eco-
systems.

2.3.2. Perceptions of Wetland Ecosystem Services (WES)

To evaluate the ES perceptions of wetland community users, 35 direct questions were
formulated according to the advices from the RAWES (Rapid Wetland Ecosystem Ser-
vices) as suggested by [1], among which questions on regulating (13), supporting (7), cul-
tural (7), and providing (8) services were considered (Supplementary Table S1). The scale
for these questions was a five-point Likert-type scale ranging from -2 to +2: “strongly dis-
agree” (-2), “disagree” (-1), “agree” (+1), and “strongly agree” (+2). Respondents could
also choose “I do not know” (0) as an answer. The local community respondents were
asked and encouraged to justify answers through a short explanation after selecting the
scale for each answer. In all cases, the term “ecosystem services” was rarely used explicitly
during the interviews; however, we encouraged participants to describe the specific ben-
efits that they receive directly from wetlands but also the neglected ones. To accurately
capture the statements of the respondents, an audio recording was made throughout the
survey to ensure a clear understanding of the explanations given by the users.

2.3.3. Driving Factors of WES Perceptions

The factors that influence how local communities perceive ESs provided by wetland
in the study area were also identified. First, we identified the most reported WESs to local
communities using the answer datasets. The answers to 35 questions were coded as binary
values with “0” to each ES not identified and “1” for identified ones. Secondly, the above-
mentioned variables in Section 2.3.1 that combine households and farm characteristics
were used to assess the factors driving the WES perceptions. Globally, 14 variables were
used to assess the factor affecting the perception of WES. These factors are known to shape
people’s attitudes, beliefs, and understanding of ecosystem nature and functions
[29,55,56]. The work diagram used in this study is provided in Figure S5.

We first evaluated the correlation/dependency between these variables and the WESs
assessed. We adopted the structural equation model (SEM) to evaluate the driving factors
of the WES. SEM was used for a variety of reasons, mainly related to its ability to handle
complex relationships among high number of variables [29,57]. First, it helps with exam-
ining the complex relationships simultaneously and distinguishes direct and indirect ef-
fects. SEM also helps to understand the pathways through which variables are influencing
each other. Secondly, SEM enables creation of latent variables (that were not observed)
and which are inferred from observed ones, while at the same time measuring error and
improving the accuracy of the estimation between variables. Due to its flexibility and ver-
satility, SEM integrates multiple regressions and factor analysis, while handling different
type of data [58]. Overall, SEM is advantageous when the research involves complex rela-
tionships among multiple variables, including latent constructs. Its flexibility, ability to
handle different data structures, and robust model fit assessment make SEM a powerful
tool in social sciences, psychology, education, earth and natural sciences, and many other
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fields. Structural equation modeling (SEM) is seen as an extension of path analysis [59-
61]. Before analysis, we hypothesized that, the HH income and educational level could
change her/his WES perceptions and that being Christian or originating from the domi-
nant ethnic group directly affects community’s ability to perceive WES. Indeed, it is
widely evidenced that the accessibility, the water regime, type of drainage, and the wet-
land landscape combined with personal characteristics would strongly influence people's
perceptions.

2.4. Data Treatment and Analysis

The final database downloaded from the Kobo Collect was analyzed with descriptive
statistics. RStudio and R 4.2.1 were used for data visualization, graph creation, and data
analysis. The Chi-square (x?) and Cramer-V tests were used to analyze dependency and
the strength of association between categorical variables at 5% threshold probability. In
all the analyses made, wetland types and ES categories were considered as the main fac-
tors. Our analysis focused on the significance and magnitude of the influence of selected
variables on perception of WESs. As above mentioned, we adopted SEM analysis, which
is a special form of multivariate analysis used to examine the hypothetical causality
among multiple variables and how their inter-relationships may play a role in determin-
ing a particular outcome, or the WESs in this study [17,60,62]. The relationships were rep-
resented using a final path diagram in which the standardized partial regression coeffi-
cients and X2 or V are presented and thus can be interpreted as the magnitude of direct or
indirect causal influence. The fitness of the SEM analysis was performed using “lavaan”
and “semPlot” packages. The process consisted of data preparation, importing into RStu-
dio, conversion, and properly formatting to fit the SEM analysis. The SEM model specifi-
cation helped to specify the relationships between latent and observed variables. For
model estimation, the fitness indexes were used for assessment comprising, the x? test
value of the overall model, Chi-Square divided by degrees of freedom “CMIN/DE”, Root
Mean Square Error of Approximation “RMSEA”, RFI, and Comparative Fit Index “CFI”.
These were used to evaluate adequacy and ability of the model to represent the relation-
ship among selected variables. The reliability of the analysis was conducted using
Cronbach’s o test.

3. Results
3.1. Descriptive Analysis of Surveyed Communities
3.1.1. Socioeconomic Profile of the Participants

The results of the socioeconomic characteristics of the households surveyed to assess
the wetland ecosystem services (WESs) and their perceptions are presented in the Table 1.
The data from this table revealed that nearly half (47%) of wetland users were elderly
individuals (>61 years old), while young people made up a minimal portion of wetland
users (23%). Among the few young users, they tend to engage in more energy-intensive
and profitable activities, such as brick making or vegetable farming. Men (62%) were more
prevalent users of wetlands compared to women (38%), particularly in marshes and
flooded plains/inland valleys rather than peatlands and swamps. Within these areas, the
“Bashi” community accounted for the majority of users (77%), followed by the “Bavira”
(14%) and other communities (9%). These users were predominantly Catholic Christians
(57%), followed by Protestants (37%) and other religious affiliations present in the region
(5%). Additionally, wetland users typically had low levels of education (no formal educa-
tion: 31%, primary education: 33%). Agriculture remained the main activity for wetland
users, followed by livestock, trade, and artisanal activities. Trade activities mainly focused
on vegetable products and small local shops (locally known as Kiosques), while livestock
farming tends to be more localized, with a dominance of small-scale activities. However,
households relying on wetlands typically had very low monthly incomes, with over half
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living on less than USD 50 per month (53%). Overall, these characteristics varied signifi-
cantly depending on the type of wetlands (p < 0.05) upon which their usage depends.

Table 1. Sociodemographic characteristics of households surveyed for WES in South-Kivu province.

Variables Modalities Floodplain (124) Marshes (250)  Peat (62) Swamp (74) Percent (510%)
Age class <30 years 21 (17%) 57 (24%) 17 (27%) 19 (21%) 144 (23%)
31-60 years 35 (28%) 81(32%) 20 (31%) 20 (23%) 155 (30%)
>61 years 68 (55%) 113 (44%) 25 (42%) 35 (56%) 241 (47%)
Gender Female 43 (35%) 98 (41%) 25 (38%) 29 (32%) 195 (38%)
Male 81 (65%) 152 (59%) 38 (63%) 45 (68%) 316 (62%)
Ethnicity Bashi 58 (47%) 220 (86%) 49(92%) 47 (84%) 393 (77%)
Other 23 (18%) 15 (7%) 7 (4%) 12 (5%) 47 (9%)
Bavira 43 (35%) 15 (7%) 6 (4%) 15 (11%) 70 (14%)
Religious (belief) Catholic 61 (49%) 152 (59%) 38 (69%) 37 (61%) 293 (57%)
Other 7 (6%) 12 (5%) 6 (2%) 14 (9%) 28 (5%)
Protestant 56 (45%) 86 (36%) 18 (29%) 23 (30%) 189 (37%)
Educational level Illiterate 41 (33%) 78 (31%) 16 (25%) 24 (32%) 159 (31%)
Primary 39 (31%) 84 (33%) 20 (33%) 26 (36%) 169 (33%)
Secondary 38 (31%) 80 (32%) 22 (40%) 24 (32%) 165 (32%)
University 3 (2%) 5 (2%) 5 (2%) - 10 (2%)
Vocational training 3 (2%) 3 (1%) - - 7 (1%)
Main activity Agriculture 107 (86%) 212 (83%) 44 (83%) 47 (86%) 428 (84%)
Craftsman 2 (2%) 10 (4%) 7 (6%) - 18 (4%)
Livestock breeder 5 (4%) 15 (6%) 7 (6%) 10 (2%) 28 (6%)
Trading 10 (8%) 13 (6%) 5 (4%) 16 (9%) 34 (7%)
HH income <USD 50 48 (39%) 163 (61%) 23 (38%) 38 (64%) 272 (53%)
>USD 300 3 (2%) 2 (1%) - - 5 (1%)
USD 101-300 24 (19%) 21 (11%) 13 (17%) 19 (20%) 73 (14%)
USD 51-100 49 (40%) 64 (28%) 2 (46%) 17 (16%) 160 (31%)

3.1.2. Characteristics Linked to Farm in Wetlands

Information regarding farm characteristics and wetland utilization is presented in

Table 2. The table provides details on the seniority in wetland use, land tenure, farm size,
and drainage quality. A diversity of usage patterns is observed based on the users’ expe-
rience with wetland utilization. Indeed, there are those with over twenty years of experi-
ence (32%), compared to those with less than five years (25%). Almost half of the users,
however, have over ten years of experience in wetland utilization. These farms in wetlands
are mostly categorized as communal (57%), with only about a third being privately owned
(family-owned) and 5% belonging to religious institutions. The exploited areas are gener-
ally small (less than 0.5 ha: 66%), or 0.5 to 1 ha (26%). As for the drainage system, these
areas are partially drained (71%), while few remain intact (19%), meaning they are pre-
served and not drained. The type of use of wetlands and service provided are presented
in Figures 2 and 3 respectively.

To assess the services provided by wetlands to the community, we first identified the
types of usage of these areas by the communities. This was followed by perception of these
WESs. Initially, we found a dependency between the type of use and the four types of
wetlands found in South-Kivu (x2=47.9, df: 12, p <0.001). Figure 3 showed that agriculture
remained the main dominant activity (65%) in wetlands (except for peatlands), followed
by brick making (15%), artisanal activities, forage harvesting, and various other activities.
Although they are less represented, few activities are observed in swamps. These activities
are more observed in marshes and floodplains/inland valleys than in swamps and peat-
lands. With few activities, swamps remain the type where less anthropogenic pressure is
seen.
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Figure 2. Type of use of wetlands in South-Kivu province, eastern DRC.
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Figure 3. Wetland ecosystem services (WESs) in South-Kivu, eastern DR Congo.

Table 2. Characteristics linked to farming in the wetlands in South-Kivu.

Variables Modalities Floodplain (124) Marshes (250) Peat (62) Swamp (74) Percent (510%)
Seniority <5 years 30 (24%) 58 (26%) 15 (23%) 21 (25%) 127 (25%)
6-10 years 40 (33%) 53 (24%) 12 (19%) 26 (36%) 136 (27%)

11-20 years 16 (13%) 77 (18%) 16 (19%) 15 (16%) 161 (17%)
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>21 years 37 (30%) 78 (32%) 23 (40%) 15 (23%) 161 (32%)
Land tenure Community farm 33 (27%) 174 (64%) 34 (65%) 56 (82%) 289 (57%)
Private Catholic 9 (8%) 6 (4%) 6 (4%) 5 (2%) 23 (5%)
Private family 38 (31%) 46 (20%) 16 (27%) 13 (16%) 117 (23%)
State 44 (35%) 20 (12%) 6 (4%) - 81 (16%)
Farm size <0.5 ha 63 (51%) 192 (73%) 35 (67%) 38 (64%) 337 (66%)
0.6-1 ha 48 (39%) 49 (22%) 8 (21%) 21 (25%) 135 (26%)
1.1-2 ha 10 (8%) 8 (4%) 13 (48%) 9 (9%) 31 (6%)
>2.1 ha 3 (2%) 2 (1%) 6 (4%) 6 (2%) 7 (1%)
Completely 37 (30%) 7 (4%) 8 (2%) - 53 (10%)
Drainage quality = Not drained 4 (3%) 48 (24%) 24 (42%) 5 (2%) 94 (19%)
Partially 83 (67%) 190 (71%) 30 (56%) 67 (98%) 363 (1%)

3.2. Perceptions of Wetland Ecosystem Services (WESs)
Ecosystems Services

The results obtained showed that all wetland types are referred to as “tingi tingi” or
simply as “marais”, a general term commonly used in the area. When asked if there was
a difference between these zones in the region, the communities gave mixed responses.
According to the perceptions of the majority of the respondents, marshes, peatlands,
swamps, and floodplains/inland valleys are all similar, with only slight differences related
to the water regime and the species abundant. Therefore, the distinctions between these
wetlands appeared to be more scientific than practical from a user’s point of view. When
the local communities were asked about the 35 questions regarding WESs, we tried to
determine if the local community recognized these ESs. It turns out that provisioning ser-
vices (38%) were more reported than supporting services (22%); in contrast, cultural ser-
vices (16%) were less frequently mentioned than regulating services (24%) (Figure 4).
These reported WESs varied from one wetland type to another. For the users of the flood-
plains/inland valleys, out of all the services, those related to provisioning and supporting
(42% and 28%) were frequently more reported, while regulating (18%) and cultural (12%)
services were often less mentioned. For marshes, supporting (37%) and regulating (33%)
services were the most reported. Only 18% and 12% of provision and cultural services
were recognized in marsh areas. Peatlands are mainly more recognized for their provi-
sioning (32%) and regulating (31%) than supporting (23%) and cultural (14%) services.
Finally, in the swamps, supporting, regulating, and provisioning services are recognized
at 24%, 29%, and 28%, respectively (Figure 5). The floodplains/inland valleys, which are
more dominant in the south (in the Ruzizi plain), were primarily perceived as areas with
high agricultural potential (97% of users), contribute to the preservation of plant diversity
(89%) and have rich soil fertility (90%). These wetland types are mainly used for cultivat-
ing vegetables, rice, sweet potatoes, sorghum, etc. Unfortunately, these areas are associ-
ated with a high frequency of plant diseases and pests, contribute very little to controlling
bushfires, and have no connection with traditional rites. Despite having slight aesthetic
value (69%), these areas significantly foster important social bonds among users (89%)
(Figure 5).
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Figure 4. Categories of ecosystem services (ESs) reported for the four wetland types in South-Kivu
province in eastern DR Congo (C1 to C6, S1 to S8, R1 to R13, and P1 to P7 present the questions used
to assess cultural, supporting, regulating, and providing WESs, respectively). These questions are
presented in the Table S1, Figure S2 and are available at the link (https://ee.ko-
botoolbox.org/x/fYETA7Fe, accessed on 20 May 2024).

Marshes are perceived by users as rich habitats, with the presence of high-quality
freshwater. These areas have recently attracted scientific interest and are rich in soil fertil-
ity and significant carbon storage. In comparison to floodplains/inland valleys, marshes
are perceived as less productive in terms of agriculture, fodder harvesting, and less pro-
vision of fibers and non-timber products. Although users noted that there is export of ag-
gregates, marshes are still perceived as poor in biodiversity. They are also reported as
areas where solids and wastewater are deposited (Figure 4). For peatlands, users reported
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that they remain rich habitats, often home to wild species and endemic species. The soils
are also more fertile, and people from surrounding cities come for visits and recreation
(Figure 4). However, peatlands are perceived as wetlands with low agricultural produc-
tivity due to the high permanence of water and the dark organic soil layer (peat) that must
be removed before any use. For those engaged in livestock farming, peatlands remain a
significant area for forage harvesting. Finally, like peatlands, swamps are recognized as
rich habitats with high biodiversity. Their water quality is good and is perceived to create
good weather. However, swamps are associated with the emergence of diseases and have
a low contribution to forage harvesting, flood regulation, and pollination (Figure 4).

(a) Perceptions of ecosystem services

For supporting services, the results shown in Figure 5a indicate that local communi-
ties had a positive view of six out of the eight support services provided by wetlands.
Whether it was their role in the decomposition of sediments and organic matter (OM), the
high fertility of their soils compared to hillside soils, or their ability to provide fresh water
during drought periods for animal watering, irrigation, or domestic use, the communities
recognize their importance. The local communities were also positive about the presence
of biodiversity, which allows nutrient recycling and thus contributes significantly to agri-
cultural fertility and productivity. However, they were ambivalent about viewing wet-
lands as habitats for endemic species or their capacity to store organic matter (Figure 5b).
For cultural services, the majority of respondents strongly agree that wetlands help create
social bonds among users and all actors involved. They also agree on the educational
value of these areas, particularly through field visits and practical work conducted by
university students from the major cities of the province. The communities also agree that
wetlands are part of the local heritage of the region’s population. On the other hand, a
large portion of respondents strongly disagree that these areas are subjects of paintings
and artists, or that they contain stories and myths related to the tradition of these areas.
Myths or traditions related to wetlands are rarely present in the region, except among
some indigenous peoples surveyed (locally called the Twa). For regulation services, out of
the thirteen questions proposed to assess the perception of wetlands, local communities
agreed on seven services, but were rather in disagreement regarding the others. Indeed,
local communities recognize the role of wetlands in creating a microclimate favorable to
agricultural activities, their contribution to soil formation in the region, and their ability
to regulate seasonality, extreme precipitation events, violent winds, and floods. They also
believe that wetlands contribute to good air quality in the surrounding regions or villages.
However, these communities disagree with the idea that wetlands play an important role
in fighting bushfires by creating barriers against their spread and maintaining a certain
level of soil moisture. They also do not believe in their effectiveness in regulating the phys-
ico-chemical quality of water. Additionally, these areas are associated with the presence
of vectors of certain diseases, including malaria and typhoid, which affect not only hu-
mans but also plants and animals (Figure 5c). According to providing services (Figure 5d),
it appears that the majority of the seven provisioning services have been recognized by
the communities. Most users believe that wetlands offer better agricultural production,
are rich in plant diversity, and could serve as sources of genetic resources. Wetlands are
also perceived as providers of wood for domestic use, peat, some non-timber products,
and fibers. They also yield ornamental products and medicinal plants. However, users
remain divided on the issue of aggregate exportation (clay, nutrients, gravel, etc.). A por-
tion (60%) agrees with this view, while 38% disagree (mostly for communities with brick
making as main activities).
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Figure 5. Perception of local communities on wetland ecosystem services (WES): (a) supporting, (b)
cultural, (c) regulating, and (d) providing services.

3.3. Gender Analysis

The analysis conducted between the type of activity carried out in wetlands and gen-
der, as well as the source of labor, showed a strong dependence between the main type of
activity (x2=12.34, df =4, p=0.023), the type of labor (x2=17.4, df =3, p=0.001), and gender.
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These analyses showed that men are focused on activities that generate quick income,
such as brick making and artisanal activities (making chairs, mats, pots, etc.), in addition
to agricultural activities than women. A very small proportion of women participate in
brick making and artisanal activities in wetlands (Figure 6a). According to field discus-
sions and observations, these women are either involved in selling bricks (mainly made
by their husbands or acquaintances) or working as laborers transporting bricks from the
place of manufacture to the place of firing or sale. Since women seemed to be mainly in-
volved in labor activities, we also analyzed the source of this labor used by gender. It
appears that men carry out their own activities in 68% of cases, compared to 32% for
women (Figure 6b). These men also use collective labor (87%), meaning family members
or external labor. Regarding labor outside the household, women (55%) and men (45%)
both rely on this type of labor.

Agriculture | 30% 70%
Other |40% 60%  Response
Fodder 67% 33% Men
Craftman [7&% parl - Women
Brickmaking 86% 14%
100 50 0 50 100 (a)
Percentage
Other | 40% 80%
External labour force | 45% ssy ~ Response
Man
Collective users | 67% 33% . Waman
Individual | 68% 32%
100 50 0 50 100 (b)
Percentage

Figure 6. Main activity (a) and type of labor (b) used in the observed wetland operations based on
gender.

3.4. Driving Factors of Community Perception of Wetland Ecosystem Services (WES)

The results on factors driving the perceptions of local communities to ecosystem ser-
vices (ES) were assessed using a structural equation model (SEM). The results obtained
from the SEM showed that factors associated with the perception of WESs varied from
one type of wetland to another, i.e., WES perceptions models were slightly different for
the four wetlands (Figure 7). First, we evaluate the goodness-of-fit measures (GOFs) for
the SEM following the indicators presented in Section 2.4. To assess if the model fits the
data, metrics (x2, CMIN/DF, RMSEA, RFI, and CFI) were used. The values indicated an
excellent fit as the values are above the recommendation thresholds. The CFI values were
above 0.95 for all types of wetlands; the RMSEA was also good (<0.05). The standardized
loading values of the factors against the created latent variables remained above 70%, with
such loading; the values indicated that the observed variables are well represented by their
respective latent constructs. The integration of the fourteen variables into the model al-
lowed the creation of four latent variables, which were grouped into (1) geographical fac-
tors, (2) knowledge-related factors, (3) well-being factors, and (4) personal factors specific
to each household. The contribution of each variable varied depending on the type of wet-
lands (Figure S4); therefore, four SEM models were created.
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Figure 7. Driving factors of perception of wetland ecosystem services in South-Kivu, eastern DR
Congo. The plot was produced following the SEM (Structural Equation Model) analysis of wetland
ecosystem services (WESs) perceptions; ¥, **, and *** indicate the significance at the level of 5%, 1%,
and 0.1% threshold, respectively. Dashed lines indicate a non-significant loading path, while the
width represents the strength of the relation.

Geographical factors were found to be related to perception and their inclusion could
improve the model’s power. The geographical factors as a latent variable had three indi-
cators, namely distance from wetland to households’ place of residence, the water regime
(whether it is permanent or seasonal), the drainage system availability, and the terrain
morphology mainly related to topography, notably the slope. This explained more com-
munity perceptions for peatlands and marshes than swamps and floodplains/inland val-
leys. Although significant, these combined factors contributed weakly to the communities’
perception. Livelihood factor as a latent variable significantly contributed to the percep-
tion of the WESs provided. This new factor included variables such as the main activity
of the household head, the type of use, the educational level, and the household’s average
monthly income. Personal factors specific to each household also contributed to the per-
ception of the ESs provided by wetlands. These factors encompass six variables: the gen-
der of the household head, the land tenure status of the field, the length of time the wet-
lands have been exploited, and religious affiliation (whether Protestant, Catholic, or an-
other religion), the user’s age, and ethnic origin (whether Mushi, Muvira, or another). An-
other factor was linked to the latent variable related to people's knowledge, primarily as-
sociated with the level of education, well-being, and other personal factors. As mentioned
above, these determinants of WES perception varied from one type to another. For peat-
lands, the order of factor contribution to perceptions is livelihood > knowledge > personal
factors > geographical factors, while for marshes it was knowledge > livelihood > personal
factors > geographical factors. For swamps: livelihood > personal factors > knowledge >
geographical factors, and for floodplains/inland valleys: livelihood > knowledge > per-
sonal factors > geographical factors (Figure 54).
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4. Discussion
4.1. Socioeconomic Characteristics of Wetland Users in South-Kivu

The results show that most activities in wetlands remain the domain of all rural com-
munities. Both young and old are interested in activities within these areas; the young are
more inclined towards activities that quickly generate profits, such as brick making, while
the elders are more interested in agriculture, harvesting medicinal plants, and various
other activities. A similar trend is observed in gender analysis, with women being more
focused on agricultural activities (mainly subsistence farming) while men are more in-
volved in brick making. Overall, the significant contribution of women to the agricultural
sector in South-Kivu is well documented [63-65]. Regarding activities in wetlands, the
results indicate that agriculture remains the dominant activity, followed by brick making
and grass cutting for forage. These activities are more prominent in marshes and inland
valleys/floodplains than in swamps and peatlands due to high water levels and the pres-
ence of trees and peat, which limit the expansion of agricultural activities. For the sur-
veyed user communities, agricultural exploitation is a revenue-generating activity that
helps meet household needs [21,66]. However, there is a noticeable difference in the per-
ception of this activity among different age groups. It was found that young people are
more interested in any activity that generates income quickly. Although generating sig-
nificant income is more appreciated as an activity among the youth, this still needs to be
nuanced because, once outside the region, an identity is attached to these youth beyond
their area. For the youth, an identity is even created around it (mainly for brick making).
This was exemplified in Hogola and Namubanda, two wetlands visited. The youth living
in and around these areas (mainly Nyangezi) are commonly known as “brick makers”
wherever they go. “... the wetlands give us, the people of Nyangezi, the name of brick maker. All
the young people from here who go to Bukavu or other cities are called brick makers, even though I
have never made bricks, I do prefer raising cattle and growing vegetables. People from Bukavu call
us villagers...”.

Another important issue is the place of activities such as brick making in these wet-
lands. Brick making involves stripping the soil layers, destroying all surface vegetation,
and removing peat (often down to two or three meters deep) to reach the fine clay layer
used for brick making. After making the bricks, another consequence is cutting all the
grass to cover the bricks. When firing the bricks, trees are cut again to ensure proper cook-
ing. All these steps lead to significant degradation of these ecosystems, with all possible
consequences for the biodiversity in these areas and their capacity to perform their func-
tions.

“The fields in the marshes are my whole life. I was brought here by my father. Since he
did not have enough money for my education, I only went to primary school and then
started working in this marsh. It allowed me to buy a plot of land, a cow to marry my
wife, and today, although I did not study further, my son is now attending university
from income from this farm. Unfortunately, he does not want to continue this family
activity; he wants to be involved in politics or work for NGOs. Sometimes he comes here,
and instead of farming, he makes some bricks, sells them, and returns at ISDR in
Bukavu”

Based on the above outline, we can say that rural communities in South-Kivu main-
tain a deeply interconnected relationship with their natural environment, particularly
wetlands. These communities heavily rely on wetlands for their livelihoods, engaging in
activities such as agriculture, fishing, brick making, and the collection of water and other
resources. Wetlands provide fertile land for crop cultivation, especially rice and vegeta-
bles, which are crucial for food security and income generation. Fishing is another vital
activity, providing both sustenance and economic benefits to local families. In addition to
these provisioning services, wetlands play a crucial cultural and social role. For many,
wetlands are part of their heritage and identity. Traditional practices and knowledge re-
lated to wetland use are passed down through generations, reflecting the cultural
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importance of these ecosystems. However, this relationship is not without its challenges.
The increasing pressures on wetlands from human activities and environmental changes
threaten their sustainability and the services they provide [20,21,44]. There is also a no-
ticeable generational shift in how wetlands are perceived and utilized. Younger commu-
nity members often seek education and employment opportunities outside of traditional
wetland-based activities. This shift can lead to a loss of traditional knowledge and a
change in the community’s relationship with the wetlands. Understanding these dynam-
ics is essential for developing effective conservation and management strategies. By incor-
porating the perspectives and knowledge of local communities, conservation efforts can
be more culturally appropriate and sustainable. This approach not only supports the eco-
logical health of wetlands but also the social and economic well-being of the communities
that depend on them.

4.2. Which Wetland Ecosystem Services (WESs) Do the Communities Perceive?

A wide range of WESs were proposed to local communities. Based on 35 WESs for-
mulated as questions, provisioning and regulating services were more reported by the
communities than supporting and cultural. Our findings also showed that these percep-
tions varied among the locals. This finding confirmed that geographic and sociodemo-
graphic factors influenced their choice in perceiving ES. Many studies have highlighted
the contribution of those factors in ES perceptions [49]. The majority of respondents highly
perceive that wetlands provide freshwater and fertile soil and are exploited for their high
soil fertility. These findings are similar to many studies in eastern Africa highlighting the
preference of provisioning and regulating WESs [30,67,68]. Our results agree with the
findings of Wang and Tian [57,69] that suggested diverse perceptions about the im-
portance of wetland ESs in China where wetlands were perceived to be providing more
ESs than supporting and cultural ES.

Farmers in wetlands also perceived that high yield and crop production are not the
only criterion for selecting farm activities in wetlands. Other criteria included water avail-
ability, soil fertility, and other geographical conditions, among others that lead to their
choice in using wetlands. Overall, farmers weigh multiple criteria when practicing agri-
culture in wetlands, aiming to maximize productivity, minimize risks, and ensure sustain-
able use of natural resources [10].

The roles of wetlands in climate mitigation by reducing pollutant loads, sequestering
carbon, or regulating the water cycle were not recognized by the users (Figures 4 and 5).
Although some respondents acknowledge the importance of wetlands in creating an en-
vironment with good air quality and temperature, this perception is mainly local and not
linked to climate mitigation. The role of peatlands is not recognized by users. Many house-
holds do not know that peat could help reduce household energy needs rather than being
exposed to the air and contribute to greenhouse gases emissions. Utilizing peat would
reduce pressure on the trees and shrubs found in these areas [70].

Local community evolution and sustainable development cannot be separated from
the natural ecosystem since human activities depend on it. Ecological impacts of anthro-
pogenic activities are also seen at all scales from global, regional, to local scales and are
very difficult to eliminate. Ecosystem services (ESs) and local community well-being are
very complex mutualistic feeding systems that are promoting and influencing each other.
In the case of wetlands in South-Kivu, users seem to have a more comprehensive under-
standing of WESs since their livelihoods are dependent on these ecosystems. In fact, most
users (89%) believe and agree that marshes and inland valleys provide more fertile soil
than hillslope farms, while 98% are perceived to obtain high yield in cultivating marshes.
This is similar to perceptions of wetlands mentioned in many studies in eastern African
regions [31,68,71,72]. However, on the other hand, few people perceive other functions
that wetlands can serve. Whether it is their role in climate mitigation by storing carbon,
reducing the pollutant load of wastewater, or regulating the water cycle, these aspects are
barely (or not at all) perceived by the users. Although few cultural services are recognized
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by the users, it is still important to highlight that during fieldwork and discussions with
users, their attachment and dependence on these areas become evident.

Since wetlands are predominantly used for agriculture in South-Kivu [20,21], we as-
sumed that services related to agricultural production and other goods would be more
perceived. Therefore, we ask the question, does the local population find more food prod-
ucts from wetlands? Our finding showed that this is not the case; many other services
were perceived by the users. Many goods and services are derived from these wetlands,
from medicinal plants to fishing and forage crops harvesting. Brick making is the second
activity in these wetlands. Unfortunately, users are not aware of the negative impact of
brick making on wetland ecosystems. This should be analyzed in further research in the
future. As mentioned earlier, agriculture, brick making, and fishing are significant activi-
ties in these areas and shape people’s perceptions of these zones and the services they
provide. This is evident, for instance, among poor small-scale farmers who engage in fish-
ing in these zones to meet their nutritional needs for protein, lipids, etc., through foods
such as fish, frogs, and wild rats.

“...As someone who loves meat, I can’t sustain myself solely on vegetables. Every time I come
here to the marsh, my wife works in the fields and I assist with field preparation and water evacua-
tion. Then, I go fishing for fish and frogs in the drainage canals and the main river that runs through
the wetland. Without these fish, I would suffer from Kwashiorkor. I'm not wealthy enough to buy
fish from Bukavu and the ponds; is that only reserved for the rich...” The above example of a
wetland user, a household head, illustrates both the role of gender in analyzing activities
in the wetlands of South-Kivu and the importance of provisioning services to ensure nu-
tritional security in poor households. This provision of goods and services has also been
demonstrated worldwide. Globally, in rural areas, wetlands are known and are perceived
to have exceptional value. For instance, in the Amazonian Piedmont of Colombia [73], in
Kilomero wetlands in Kenya [74], in Rwanda [75], and Uganda [76,77], the majority of
livelihoods rely directly on wetland ecosystem services. Fishing and hunting are crucial
for household incomes, followed by the utilization of wetland plants for various purposes
such as stream protection, medicinal applications, ornamental use, handicrafts, food, fod-
der, and construction materials [30,74]. Additionally, South American palm swamps, spe-
cifically those containing Mauritia flexuosa, yield fruits and other plant-based products
that are processed and traded in local markets, serving as ingredients in food, cosmetics,
and furniture [73].

From all the questions on cultural services, two significant responses caught our at-
tention. To the question, “are there more visitors (from neighboring territories or coun-
tries) who come for recreation and tourist visits? and do wetland users manage to create
a social relationship among themselves through their activities?” It emerges from the per-
spectives of local communities that these areas are often visited by institutions for practi-
cal work, acknowledging their educational dimension. Although most visitors or scien-
tists are national rather than international, the recreational and tourism aspects are not
ignored. Some users noted the occasional presence of youth and sports enthusiasts who
create activities around these areas, though it is unclear if they are drawn by the wetlands
themselves or the surrounding landscapes: “...yes, we see visitors here, often researchers from
research institutes conducting studies, or university students working on their dissertations or
field practicals. During the dry season, right here nearby, we have young people, groups of friends
who come to play football on the field next to us and then stay to watch how we work. This often
happens on holidays or Sundays...”.

Moreover, tourism is emerging as a significant wetland ecosystem service in both
inland and coastal regions in numerous areas; tourism constitutes a vital economic activity
supporting local livelihoods [69,78]. Given the current security situation, tourism related
to wetlands has not been widely observed in South-Kivu, except for a few visitors from
surrounding urban areas. The development of tourism is constrained by this security as-
pect, despite its potential to be a significant source of income for the region and the
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province. Furthermore, tourism could strengthen conservation policies and promote the
sustainable and wise use of these areas.

4.3. Driving Factors of Wetland Ecosystem Services

Several factors are recognized as determinants of the perception of wetland services.
Understanding these factors is important for effective management and conservation of
wetland ecosystems, as it helps identify the underlying factors that influence human be-
havior and decision-making related to the use and conservation of wetlands [21,57,76]. In
our case, we used the SEM model, integrating fourteen variables. Four new latent varia-
bles were created, which constitute the determinants of the perception of services pro-
vided by wetlands. Several authors have already demonstrated the role of biophysical and
socioeconomic factors in the perception of ecosystem services. Research exploring the re-
lationship between these perceptions and the biophysical and geographical characteristics
of the landscape is necessary to enhance our understanding of socio-ecological dynamics
and landscape interactions [55,79,80].

The four developed latent variables are (1) livelihoods, (2) geographic factors, (3) per-
sonal factors, and knowledge (4). These are all driving forces behind the perception of
WESs in South-Kivu. Livelihoods are influenced by economic activities such as the main
activity of the household’s head and the wetland type of use; the main activity and the
educational level shape how individuals interact with wetlands and perceive their value.
Geographic factors include the physical characteristics and wetland accessibility [81,82].
Other personal factors such as gender, land tenure, seniority, religious beliefs, age class,
and ethnicity were the determinant factors contributing to latent variable formation. Ad-
ditionally, knowledge, both traditional and scientific, informs individuals’ understanding
of wetland ecosystems and their benefits and is a significant variable in wetland percep-
tion. Since these factors shape human behavior and decision making related to wetlands,
their understanding can be essential for effective management and conservation of wet-
land ecosystems. Many studies have discussed some of these factors [20,21,71]. In our dis-
cussion and based on local conditions in the South-Kivu province, we will focus solely on
three main factors that are specific to the region. These are accessibility, religious belief,
and ethnicity.

4.4. Do Local Communities Understand WESs in Similar Ways? Are Their Perceptions Linked to
the Same Properties of the Environment?

In this study, we adopt the local communities as participants. Such participation was
recognized as a process where local communities are actively engaged in shaping research
outcomes and effectiveness. Such processes emphasize the local knowledge, experiences,
and needs. During fieldworks and interviews, wetlands users were involved in the re-
search process in responding to questions and discussion and highlighting their re-
sponses. We found, however, that a large number of users lacked familiarity with some
ecological relationships among wetland ecosystem components. One example is the eco-
logical process behind wetland carbon sequestration and contribution to climate change
mitigation, elimination of solid waste, and fixation of contaminants and pollutants were
not well understood. These local communities did not clearly differentiate the four wet-
land types; however, they tried to create “wetland landscape units” showing differences
among these wetland types during discussion. This perspective suggests that a qualitative
approach, such as group discussions with these stakeholders, could lead to a locally valid
classification. However, this would require extended discussions and meetings, which
should be guided and directed by a specialist, such as a geographer, ecologist, agronomist,
etc. This specialist would play the role of a knowledge broker [81-84].

Globally, the understanding of a given ecosystem service by a community can vary
depending on various factors, including cultural background, socioeconomic status, and
level of environmental awareness. While some stakeholders may have similar perceptions
of a particular service, others may interpret it differently based on their individual



Sustainability 2024, 16, 7073

22 of 31

perspectives and experiences. Additionally, their perceptions may be influenced by the
biophysical properties of the environment in which the service is provided [76,85]. One
example is users living in areas with abundant water resources may perceive the service
of water provision differently from those in water-stressed regions. Similarly, the ones
residing in wetland areas with high green spaces may prioritize the value of WESs such
as plant diversity, pollination, and high plant genetic resources differently compared to
those in brick making or settlement settings.

Local communities often have diverse understandings of WESs due to their varying
roles, experiences (referred to as seniority), and personal interests [57,76,80]. For example,
respondents with agriculture in wetlands as their main activity may prioritize provision-
ing services like crop production, while conservationists focus on regulating services such
as carbon sequestration and biodiversity conservation. These perceptions are influenced
by observable biophysical properties of the environment; however, some services, like
carbon sequestration, might be less visible and require scientific communication for better
understanding. Knowledge brokers, such as ecologists or geographers, play a crucial role
in bridging the gap between scientific knowledge and local perceptions by ensuring stake-
holders are aware of the full range of ecosystem services and their underlying ecological
processes [57,76]. Consequently, while there might be some shared understanding of eas-
ily observable services, conflicting views often arise regarding the importance of different
services, necessitating participatory approaches to align local perceptions with scientific
understanding for effective environmental management [57].

It is important to mention that farmers and brick makers are not only providers and
beneficiaries of ESs, but also the main objects of ecosystem management. As users with
significant heterogeneity, their socioeconomic characteristics affect personal choice pref-
erence [21]. In this study, results showed that sociodemographic characteristics played an
important role in driving user’s perceptions of ESs. These characteristics varied from one
wetland type to another. The results showed that personal factors such as gender, land
tenure, seniority in wetland use, age class, and mostly religious belief and ethnicity con-
tributed significantly to local community perceptions. The higher the households' educa-
tional level and monthly income, the stronger the users' perceptions for regulating and
supporting WESs.

Some biophysical properties of the environment, such as water quality, vegetation
cover, and habitat diversity, can influence stakeholders’ perceptions of ecosystem services
[55,77,78]. For instance, wetland users may associate clean water bodies with higher rec-
reational value or aesthetic appeal, leading to a shared understanding of the service of
water quality regulation. Unfortunately, in the constructed SEM model, biophysical vari-
ables were not integrated to assess perception. Therefore, it should be assumed that the
integration of such information would refine the perception that communities have of
these areas.

Another significant factor is accessibility, which greatly influences community per-
ceptions. In fact, wetland accessibility significantly influences people’s perceptions of eco-
system services. Easy access enables direct experiences with wetlands, fostering a deeper
understanding of the services they offer [31,86]. Regular exposure to wetland environ-
ments increases awareness and knowledge about their ecological functions, such as habi-
tat provision and water filtration. Accessible wetlands can also promote a sense of owner-
ship and stewardship among nearby communities, encouraging active involvement in
conservation efforts [69]. Overall, cultural and social ties to wetlands are strengthened
when they are easily accessible, influencing perceptions of their value and importance.
Wetland accessibility plays a crucial role in shaping positive perceptions of ecosystem ser-
vices by facilitating direct engagement, knowledge acquisition, and community involve-
ment. In our case, wetlands located near or around inhabited areas are more likely to be
perceived as sources of disease agents, particularly malaria, and as places for dumping
various types of waste. In contrast, those that are farther away are often still intact and
primarily used for agriculture [20].
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We found also that belief and ethnicity are determinant of people's perception of wet-
lands' ES (Figure 7). In South-Kivu, as in other part of sub-Saharan regions, religious be-
liefs often shape cultural values and practices, which in turn influence how local commu-
nities perceive and interact with their natural surroundings, including wetlands. For ex-
ample, on one hand, certain religious teachings may emphasize the importance of envi-
ronmental stewardship and preservation, leading to more positive perceptions of wetland
ecosystem services among adherents [7,31]. On the other hand, in South-Kivu where the
majority of land is owned by churches, some users of wetland areas perceive that belong-
ing to one congregation or another would grant them greater access to land (both in wet-
land areas and on dry land), thus leading to a different perspective on these zones [36].

Ethnicity is also closely linked to traditional practices and knowledge related to wet-
lands. Different ethnic groups may have distinct historical relationships with wetland eco-
systems, which can shape their perceptions of the services provided. For instance, indig-
enous communities (in our case referred to as Twa) may have unique cultural practices
and spiritual connections to wetlands that influence their perceptions and attitudes to-
ward conservation. Since religious belief and ethnic identity can contribute to social cohe-
sion and community solidarity, sharing them may foster collective attitudes toward wet-
land conservation and management. Conversely, divisions based on religious or ethnic
differences could lead to differing perceptions and priorities, resulting in conflicting uses
that make the protection of wetland ecosystems difficult or even ineffective. In our case,
we find differences between types of usage, types of wetlands, and the perceptions that
communities have of these ecosystems and both their ethnic origin and beliefs. Even in
terms of definition, for example, the Bafulero assume that there are no wetlands in their
area and that they do not utilize them, despite their region being endowed with wetlands.
They also do not consider flooded valleys or rice ponds as wetlands, or other activities
such as fishing, brick making, or forage harvesting as activities to be practiced in these
zones. Religious and ethnic identity contribute also to social cohesion and community sol-
idarity. Shared beliefs and cultural practices can help foster collective attitudes toward
wetland conservation and management. Conversely, divisions based on religious or eth-
nic differences could lead to conflicting perceptions and priorities regarding the use and
protection of wetland ecosystem services [87,88].

4.5. Sustainable Wetland Management in South-Kivu

Many case studies showed that the perception and use of the ES concept contribute
to wetland conservation [13,67,85]. In fact, the local community’s involvement is essential
to assess the relative value of different management options. Framing the ecosystem ser-
vices (ES) that wetlands offer as “nature’s contributions to people” creates a vital connec-
tion between ecosystems and society. In this study, we build a path analysis and create
four latent variables explaining the drivers of local community perceptions of WESs (Fig-
ure 7). We find that for local communities in South-Kivu, users inherently link the signif-
icance or value of wetlands to their accessibility, which is further influenced by human
value systems and shifts in those values. Accessibility by people can be a significant driv-
ing factor in the perception of wetlands. When wetlands are easily accessible, communi-
ties are more likely to interact with them regularly, leading to a greater appreciation and
understanding of their ecosystem services. Accessible wetlands facilitate the use of re-
sources for agriculture, water, and recreation, enhancing their perceived value. Addition-
ally, accessible wetlands provide opportunities for educational programs, raising aware-
ness about their ecological importance and promoting conservation efforts. This frequent
interaction and increased awareness foster a stronger perception of the wetlands’ provi-
sioning, cultural, and recreational services, making accessibility a crucial element in shap-
ing how communities value and manage these ecosystems. Whether it involves accessi-
bility in terms of roads, zones, proximity to cities and villages, proximity to local markets,
or proximity to institutions, these are all factors of accessibility that can affect the percep-
tion of wetland usage [20,31,48,55]. In the case of South-Kivu, for example, the closer a
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wetland is to roads and villages, the easier it will be to access and carry out activities,
transport products extracted from the wetland, bring in work materials, labor, and easily
monitor activities within the wetlands [20]. Overall, while local communities may not al-
ways understand a given service in exactly the same way, their perceptions can be influ-
enced by common biophysical properties of the environment. Understanding these dy-
namics is essential for effectively engaging stakeholders in ecosystem management and
decision-making processes.

Community engagement, collaboration, and partnerships play vital roles in the de-
velopment and execution of wetland restoration regulation frameworks. Engaging local
communities ensures that restoration efforts are informed by their needs, values, and tra-
ditional knowledge, fostering a sense of ownership and long-term commitment. Collabo-
ration among diverse stakeholders facilitates the pooling of resources, expertise, and per-
spectives, leading to more robust and innovative restoration strategies. Partnerships fur-
ther enhance the effectiveness and sustainability of restoration initiatives by leveraging
the strengths and networks of various organizations, amplifying their collective impact.
By integrating these elements into regulatory frameworks, we can create inclusive, adap-
tive, and resilient approaches to wetland restoration that address complex environmental
challenges while fostering community participation and support. This collaborative ap-
proach ultimately promotes the conservation and sustainable management of wetland
ecosystems for the benefit of both people and nature.

Sustainable management of wetlands in South-Kivu and eastern DRC in general in-
volves maintaining their ecological character through ecosystem approaches within sus-
tainable development. This is advisable based on the results obtained and the evidence
from existing studies [10]. It includes biodiversity conservation, water quality ensuring,
and natural hydrological regimes preservation. It also encompasses the sustainable use of
resources, involving local communities in decision-making, and collaborating with other
various stakeholders. Effective policy and legal frameworks are essential, along with ad-
herence to international agreements like the Ramsar Convention to achieve such a goal.
Ongoing research, monitoring, education, and public awareness campaigns are crucial to
understanding wetland dynamics, assessing management strategies, and fostering a
broader appreciation of wetlands’ importance. This integrated approach ensures wetlands
continue to provide vital ecosystem services for future generations. The Ramsar Conven-
tion on Wetlands defines the "wise use" of wetlands as maintaining their ecological char-
acter through the application of ecosystem approaches within the framework of sustaina-
ble development.

In general, the scientific literature is full of recommendations to capitalize on “win-
win” situations between the local community and nature [89,90]. On one hand, most of
these recommendations involve situations where the economics of conservation actually
encourage practical measures in favor of conservation. However, the recommendation
made here is slightly different. Even though some conservation practices have been
deemed profitable for farmers, such as water quality management, drainage, and inte-
grated pest management, not all farmers and other users engage in the practice. On the
other hand, when perceptions of ecosystem services (ESs), biophysical performance, and
economic profitability are not aligned, an opportunity exists to emphasize certain catego-
ries of ESs in extension programs to conserve specific types of wetlands, such as provi-
sioning services for riparian marshes and farm ponds and regulating services for basin
marshes. Promoting a balance between practices that are beneficial for the environment
and appealing to farmers and other activities in wetlands is a common-sense idea; how-
ever, this balance is not always navigated properly. Several studies suggest that consulting
with users in an engaging process is also a learning experience in itself that can generate
their buy-in to programs that would otherwise be unappealing if simply imposed on
them. These users are key stakeholders in the promotion of programs and potentially val-
uable resources to disseminate information; they should be fully involved in determining
solutions.
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From the results obtained, we assume that community engagement coupled with the
establishment of a regulatory framework could serve as the entry point for the wise use
of wetlands in eastern DR Congo. This means involving local communities who use these
areas in the decision-making processes regarding wetland management. It ensures that
their needs and concerns are considered, promoting sustainable use of wetland resources.
This should be followed by the development and enforcement of regulations and policies
that protect wetland ecosystems from exploitation and degradation, including zoning reg-
ulations, water quality standards, and habitat protection measures. For a policy aimed at
the “wise use” of these areas, regular monitoring and research to assess the health of wet-
land ecosystems, identify threats, and track changes should also be promoted. In areas
where degradation is already observed, ecosystem restoration interventions to rehabili-
tate degraded parts, including efforts to control invasive species, restore native vegetation,
and improve water quality, should also be encouraged (Figure 8). Here is an example of a
proposed framework of wetland drivers:
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* Water quality and regime

- Nutrients, pollution, etc.

* Climate (Seasons, T °C, Pmm...)
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Figure 8. Synthetic framework of driving forces of WES perception in South-Kivu, eastern DRC.

4.6. Study Limitation

Although the results obtained presented a more detailed view of the perception of
ESs provided to local communities, being one of the first studies to highlight this in the
eastern part of DR Congo, there is still room for discussions. Firstly, our target population
consisted only of users of wetlands. Including other stakeholders such as institutions, stu-
dents, and recreational visitors could provide a more detailed and comprehensive view
of wetland perceptions. Secondly, due to security issues, it was challenging to access wet-
lands in certain territories, preventing a comprehensive view. This is the case for territo-
ries like Fizi, Mwenga, and Shabunda, which have significant wetland areas [19]. It was
difficult to access these areas, yet discussions with their users would significantly contrib-
ute to understanding local community perceptions. This includes the mining use of
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wetlands, particularly for the artisanal extraction and processing of minerals, which is
developing in these territories [91].

Regarding the choice of model, although the SEM model is widely used in current
analyses, several limitations of the SEM model warrant attention as they guide the inter-
pretation of results and the appropriate use of the analytical approach [58,59]. Based on
these limitations, several recommendations could be formulated. Firstly, although SEM
has helped suggest an explanation for causal relationships between variables, this does
not imply that other potential explanations, which may equally or even better fit the data,
are not possible. This issue has been extensively discussed in the literature. Readers inter-
ested in this, as well as other limitations of SEM, are encouraged to refer to the discussion
provided by Rose et al [92]. Future research is encouraged for a better understanding of
the impacts of the biophysical environment on the perception of ecosystem services. For
instance, studies on how spatial characteristics such as landscape composition and con-
figuration at a fine level (e.g., field level, village level, etc.) could influence the perception
of WES for the conservation of still intact spaces are needed, as these factors are known to
influence the perception patterns in different types of areas. Overall, the created SEM
models did not prove causality, but rather provide indications of potential relationships
between variables.

Our results are specific to wetlands in the South-Kivu province, but the framework
and methods have broader utility. Opportunities for further study abound, including the
already mentioned exploration of the perceptions of other stakeholders, not only those
utilizing wetlands, and the extension of research to include other ecosystems found within
the area (bamboo forests, mountain forests, urban green spaces, and artificial wetlands,
etc.). Conducting a similar study in an agricultural region with even greater wetland loss,
such as the southern part of the country (in Katanga province), or even in the central re-
gion where all these anthropogenic pressures are very low, could provide insights into
some of the social legacy impacts of wetlands. Additionally, measuring user perspectives
in areas with very high wetland drainage would provide more detailed explanations of
how they perceive and adapt to the loss of ESs from the wetlands, or the scarcity of par-
ticular features.

5. Conclusions

This paper shows that in South-Kivu, not all the communities understand a given
wetland ecosystem service (WES) in a similar way. Their perceptions are linked to the
same geographic and sociodemographic factors. All the four WES types are linked to these
factors and geographic proprieties. Our results show that most of the participants re-
ported that wetlands provide various ecosystem services (ESs) to the community. Local
communities report more provisioning and regulating services compared to supporting
and cultural services. These perceptions of services varied from one type of wetland to
another. The perceptions of WESs are strongly influenced by different social contexts,
community livelihood, well-being and some personal factors. Driving factors of percep-
tion were determined after building a causal model. The structure (paths and coefficients)
of the causal model varied from one wetland type to another, suggesting that other spe-
cific factors were likely to affect individual WESs. Such a model is a comprehensive tool
to understand complex interactions between local communities and wetland ecosystems
in South-Kivu, in which the integration of geographical and sociodemographic perspec-
tives will help the development of effective strategies of wetland sustainable management.
We suppose that such an approach is an open door for wetlands' “wise use” and at the
same time can address immediate needs and realities of local communities. This study,
however, suggests further research on integrated framework to promote sustainable use
and conservation of wetlands; economic and ecological quantification of WES can be stud-
ied in the future.
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Kivu. The four types of wetlands considered in South-Kivu, eastern DRC: (a and c) swamps (f) high-
altitude and low-altitude (f and g) peatlands, (b) and (d) inland valleys/floodplains and rice ponds, (e and h)
marshes. Images were downloaded and georeferenced from Google Earth Pro.; Figure S2: Perception
of Ecosystem services in South Kivu wetland: response for the 4 groups of ES based on the 35 ques-
tions used; Figure S3: Ecosystem services (a) Likert scale (b) used to assess the WES in South-Kivu;
Figure S4: Driving factors of perception of wetland ecosystem services in South-Kivu, eastern DR
Congo. The plot was produced following the SEM (Structural Equation Model) analysis of Wetland
Ecosystem services (WES) perceptions, ¥, **, and *** indicate the significance at the level of 5%, 1%
and 0.1% threshold respectively. a: peatland, b: marshes, c: swamp and d: floodplains and inland valleys.
Dashed line indicates a non-significant loading path; Figure S5: Methodological flowchart; Figure S6:
Climate type in South-Kivu, and DRC in general. The classes are based on the classification made
by Koppen-Geiger as adapted by Beck et al., (2018); Table S1: Reformulated questions used to assess
wetland ecosystem services (WES) in South-Kivu. These question were modified and adapted based
on the Rapid assessment of wetland ecosystem services (RAWES) as suggested by RAMSAR (McIn-
nes and Everard, 2017); Table S2: Goodness-of-fit measures (GOFs) for the structural equation mod-
els
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