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Abstract 

One of the world's largest tropical forest complexes, the peatlands of the Congo Basin are vital to the world's biogeochemical cycles. 

They carry out important ecological tasks such as maintaining biodiversity, regulating hydrology, and sequestering carbon. In order to 

analyze the floristic makeup of these ecosystems as well as the local and scientific attitudes connected with them, this study provides a 

thorough analysis of the literature. A rigorous evaluation of institutional and scientific literature served as the foundation for the 

analysis. The findings indicate that specialized flora suited to hydromorphic and anoxic conditions can be found in the peatlands of the 

Congo Basin. Additionally, they emphasize a divergence between local perceptions—which are often utilitarian—and scientific 

approaches focused on conservation. This study highlights the need for an integrated approach that combines local knowledge with 

scientific expertise to ensure the sustainable management of these strategic ecosystems. It underscores the importance of strengthening 

institutional frameworks and environmental governance to improve the effectiveness of conservation policies. Furthermore, it 

emphasizes the central role of local community participation in the development and implementation of management strategies. Finally, 

it recommends the development of in-depth interdisciplinary research to better understand the ecological and socio-economic dynamics 

of the Congo Basin’s peatlands and to guide decisions based on robust integrated scientific data. 

Keywods : Tropical peatlands, Congo Basin, biodiversity, local perceptions, ecology, vegetation. 

Résumé 

Comptant parmi les plus vastes complexes de forêts tropicales au monde, les tourbières du bassin du Congo jouent un rôle essentiel 

dans les cycles biogéochimiques mondiaux. Elles remplissent des fonctions écologiques cruciales, telles que la préservation de la 

biodiversité, la régulation du régime hydrologique et la séquestration du carbone. Afin d'étudier la composition floristique de ces 

écosystèmes ainsi que les perceptions locales et scientifiques qui s'y rapportent, cette étude propose une analyse approfondie de la 

literature. Une analyse approfondie de la littérature institutionnelle et scientifique a servi de base à cette étude. Les résultats indiquent 

que l'on trouve dans les tourbières du bassin du Congo une flore spécialisée, adaptée aux conditions hydromorphiques et anoxiques. Ils 

mettent en outre en évidence un décalage entre les perceptions locales — souvent utilitaires — et les approches scientifiques axées sur 

la conservation. Cette étude met en évidence la nécessité d’une approche intégrée alliant les savoirs locaux à l’expertise scientifique 

afin d’assurer la gestion durable de ces écosystèmes stratégiques. Elle souligne l’importance de renforcer les cadres institutionnels et 

la gouvernance environnementale pour améliorer l’efficacité des politiques de conservation. En outre, elle insiste sur le rôle central de 

la participation des communautés locales dans l’élaboration et la mise en œuvre des stratégies de gestion. Enfin, elle recommande la 

mise en place de recherches interdisciplinaires approfondies afin de mieux comprendre les dynamiques écologiques et socio-

économiques des tourbières du bassin du Congo et d'orienter les décisions sur la base de données scientifiques intégrées et fiables.  

Mots clés: Tourbières tropicales, Bassin du Congo, Biodiversité, Perceptions locales, Ecologie, Végétation 
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1. Introduction 

Tropical peatlands are unique wetland 

ecosystems characterized by the accumulation of 

partially decomposed organic matter under conditions 

of permanent waterlogging. This process results from 

an imbalance between primary production and 

decomposition, leading to massive carbon storage over 

timescales of thousands of years. These environments 

play a vital role in regulating global biogeochemical 

cycles and in mitigating climate change (Mitsch & 

Gosselink, 2015; FAO, 2020; Lewis et al., 2018). 

Globally, peatlands cover a relatively small area 

but store a significant proportion of soil carbon, 

estimated at over 30%. This exceptional capacity is due 

to anoxic conditions that slow down decomposition 

processes. In tropical regions, their contribution to the 

carbon cycle has long been underestimated, but recent 

research has shed light on their strategic importance 

(Dargie et al., 2017; Page et al., 2011; Joosten et al., 

2012). 

The Congo Basin is among the key areas for the 

study of tropical peatlands. The discovery of the 

Central Basin peat complex revealed the existence of 

one of the world’s largest peatland systems, covering 

approximately 145,000 km². This discovery has 

profoundly changed scientific understanding of 

peatland distribution and Africa’s role in climate 

regulation (Dargie et al., 2017; Lewis et al., 2018; 

CIFOR, 2020). 

The peatlands of the Congo Basin are 

characterised by distinctive vegetation, dominated by 

species adapted to hydromorphic and anoxic 

conditions. These species exhibit specific 

morphological adaptations, such as aerial roots and 

specialised tissues, which enable them to survive in 

anoxic and hydromorphic environments (Mitsch & 

Gosselink, 2015; Rydin & Jeglum, 2013; Keddy, 

2010). 

Ecologically, these ecosystems play a 

fundamental role in hydrological regulation by storing 

water and controlling water flows. They also contribute 

to maintaining rich and unique biodiversity (FAO, 

2020; WWF, 2021; CIFOR, 2020). However, these 

ecosystems are subject to increasing anthropogenic 

pressures, including agricultural expansion, logging, 

and infrastructure development. These activities lead to 

the gradual degradation of peatlands and a loss of their 

ecological functions (Lewis et al., 2018; FAO, 2020; 

WWF, 2021; CRREBaC, 2022; CongoPeat 

Consortium, 2023). 

Furthermore, peatlands are closely linked to local 

socio-economic systems. Local communities use them 

for a variety of activities, which strongly influences 

their perceptions and practices (Tshimanga et al., 2020; 

CIFOR, 2020; FAO, 2020). 

In this context, the present study aims to analyze 

the floristic composition of peatlands in the Congo 

Basin as well as associated perceptions in order to 

contribute to a better understanding of these 

ecosystems and the development of sustainable 

management strategies. 

2. Literature review 
2.1. Location of the peatlands in the Congo basin 

The peatlands of the Congo Basin are mainly 

located in the Central Basin, a vast marshy depression 

covering a significant part of the Democratic Republic 

of the Congo and the Republic of the Congo. Recent 

studies estimate that this peatland complex covers 

approximately 145,000 km², of which nearly 85% is in 

the Democratic Republic of the Congo and around 15% 

in the Republic of the Congo. They extend from 

southern Cameroon and the Central African Republic 

to the north of the Republic of the Congo, crossing the 

vast wet plains of the DRC. This distribution is 

favoured by a humid equatorial climate, abundant 

rainfall and soils saturated with water for much of the 

year (Dargie et al., 2017; Lewis et al., 2018; Garcin et 

al., 2022). 

These peatlands are mainly found in floodplains, 

low-lying areas, alluvial valleys and swamp forests 

characterised by low altitude and a high accumulation 

of organic matter. The main peatland areas identified 

include the regions of Tshuapa, Équateur, Mongala, 

Sangha and Likouala, as well as the Lake Télé–Lake 

Tumba complex. Thanks to their significant water 

retention capacity, these ecosystems play a vital role in 

regional hydrological regulation, carbon storage and 

the maintenance of tropical biodiversity. The peatlands 

of the Congo Basin thus constitute one of the world’s 

largest tropical carbon reservoirs and represent a major 

challenge in the fight against climate change (FAO, 

2020; UNEP, 2021; CIFOR, 2020). 
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Figure 1. Location of peatlands in the Congo Basin 

(Sonwa et al., 2022) 

2.2. General Approach to the Study 

This study is based on a narrative and critical 

literature review aimed at analyzing the current state of 

knowledge regarding peatlands in the Congo Basin. 

This approach allows for the mobilization, comparison, 

and synthesis of research from multiple disciplinary 

fields to produce an integrated understanding of these 

ecosystems. It appears particularly well-suited in the 

contexts where field data remain fragmentary, spatially 

dispersed, and difficult to access, as is the case with 

African tropical peatlands. The narrative review also 

allows the structured identification, selection, and 

interpretation of studies according to explicit criteria, 

thereby ensuring the transparency and reproducibility 

of the analysis (Zedler & Kercher, 2005; Page et al., 

2011; Joosten et al., 2012; Mitsch & Gosselink, 2015). 

The study adopts an interdisciplinary perspective 

that combines ecology, hydrology, biogeography, and 

the social sciences to better understand the interactions 

between natural processes and human activities. This 

approach allows for the integration of dimensions that 

are often analyzed separately, including vegetation 

structure, hydrological dynamics, ecosystem services, 

and the local perceptions of local communities. The 

integration of these different levels of analysis is 

essential for understanding the functioning of the 

Congo Basin peatlands, whose stability depends on 

water regimes, floristic composition, and human 

practices (Parish et al., 2008; Maltby & Barker, 2009; 

Keddy, 2010; Turetsky et al., 2015). 

A critical analysis of the identified studies was 

prioritized in order to identify biases, methodological 

limitations, and key research gaps. Particular attention 

was paid to the spatial representativeness of the studies, 

differences in observation scales, the sampling 

methods used, and the uncertainties associated with 

ecological and hydrological estimates. This critical 

approach avoids a simple juxtaposition of results and 

instead promotes a reasoned interpretation of the 

convergences, divergences, and contradictions present 

in the scientific literature. It also helps highlight areas 

that remain insufficiently documented, particularly 

knowledge regarding local uses, degradation 

trajectories, and peatland responses to climate change 

(Arksey & O’Malley, 2005; Whittemore & Knafl, 

2005; Petticrew & Roberts, 2006; Borenstein et al., 

2009). 

Finally, the methodology is based on a 

triangulation approach that combines information from 

scientific articles, institutional reports, geospatial data, 

and documents produced by international 

organizations. Cross-referencing these different 

sources enhances the robustness of the results, reduces 

the risk of bias associated with relying on a single data 

category, and ensures overall analytical consistency 

across ecological, hydrological, and socioeconomic 

dimensions. This approach also facilitates the 

development of scientifically grounded 

recommendations for the conservation and sustainable 

management of peatlands in the Congo Basin, while 

highlighting priorities for future research (Creswell, 

2014; Fink, 2014; Haddaway et al., 2015; Ramsar 

Convention Secretariat, 2016). 

2.3. Literature Review 

The literature review was conducted using 

international scientific databases such as Scopus, Web 

of Science, and Google Scholar. These platforms 

provide access to peer-reviewed, multidisciplinary 

scientific literature that is widely recognized in review 

studies. The combined use of multiple databases helps 

limit coverage bias and improves the 

comprehensiveness of the identified references, as each 

platform has specific characteristics regarding 

indexing, journal visibility, and temporal depth. This 

strategy is particularly recommended in narrative 

reviews addressing interdisciplinary topics such as 

tropical peatlands (Falagas et al., 2008; Haddaway et 

al., 2015; Harzing & Alakangas, 2016; Mongeon & 

Paul-Hus, 2016). 

The keywords used include “peatlands,” “tropical 

wetlands,” “Congo Basin,” “floristic composition,” 

and “local perceptions.” Boolean operators, lexical 

variants, and thematic combinations were used to 

broaden the scope of the search while maintaining the 

relevance of the results. The terms were combined in 

various ways, such as “peatlands and Congo Basin,” 

“tropical wetlands and floristic composition,” and 
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“local perceptions and peatland conservation.” This 

approach allows for the identification of studies from 

multiple disciplines and reduces the risk of omitting 

important work related to the ecological, hydrological, 

and social dimensions of peatlands (Webster & 

Watson, 2002; Kitchenham, 2004; Cooper, 2010; Okoli 

& Schabram, 2010). 

The publication period from 2000 to 2025 was 

chosen to ensure that the information remains up-to-

date by incorporating recent scientific advances, while 

the quality of the selected data guarantees the reliability 

and scientific validity of the analyses included. Studies 

that came out before this time were still included if they 

were important for understanding how to do reviews or 

what tropical peatlands are like. 

This choice allows for a balance between up-to-

date results and theoretical depth. The time frame also 

facilitates better comparability of studies by taking into 

account recent advances in remote sensing, peatland 

mapping, and interdisciplinary analysis (Arksey & 

O’Malley, 2005; Levac et al., 2010; Peters et al., 2015; 

Tricco et al., 2018). 

2.4. Criteria for Selecting Sources 

The sources were selected based on their thematic 

relevance, scientific quality, and contribution to the 

understanding of the peatlands of the Congo Basin. 

Priority was given to articles published in peer-

reviewed journals, academic reference works, and 

reports from recognized international organizations. 

The assessment of the study's quality was based on 

several criteria, including clarity of objectives, 

methodological rigor, data transparency, and 

consistency of results. This approach helps strengthen 

the credibility of the selected information and limits the 

inclusion of studies that are insufficiently substantiated 

or scientifically weak (Liberati et al., 2009; Higgins & 

Green, 2011; Gough et al., 2012; Shea et al., 2017). 

Geographic location was a key selection 

criterion, with priority given to studies conducted in the 

Congo Basin and, generally, in the wetlands of Central 

Africa. This choice reflects the need to take into 

account the ecological, climatic, and socioeconomic 

characteristics of this region. Studies conducted in 

other tropical regions, notably the Amazon and 

Southeast Asia, were also drawn upon to broaden the 

scope for comparison and to identify common or 

contrasting dynamics regarding the degradation, 

conservation, and uses of peatlands. This comparative 

approach facilitates a better interpretation of the 

processes observed in the Congo Basin (Geist & 

Lambin, 2002; Foley et al., 2005; Turner et al., 2007; 

Lambin & Meyfroidt, 2011). 

Studies with major methodological flaws, opaque 

data, or results that were not properly documented were 

not included in the analysis. Particular attention was 

paid to risks of bias related to sample selection, data 

collection methods, analysis procedures, and proposed 

interpretations. This rigorous selection helps improve 

the reliability of the analysis and limit the risks of 

overinterpretation or overgeneralization. It also ensures 

that the conclusions drawn from this literature are 

based on scientifically robust and methodologically 

explicit work (Begg & Berlin, 1988; Ioannidis, 2005; 

Rothstein et al., 2005; Song et al., 2010). 

A wide range of source types was sought to cover 

all the ecological, hydrological, economic, and social 

dimensions associated with the peatlands of the Congo 

Basin. Scientific publications were supplemented by 

institutional reports, public policy documents, 

geospatial data, and qualitative studies on local 

perceptions and practices. This diversity of sources 

allows for cross-referencing across analysis, improves 

the validity of interpretations, and captures the 

complexity of interactions between human societies 

and peatland ecosystems (Patton, 2002; Maxwell, 

2012; Creswell, 2014; Flick, 2018; Yin, 2018; IPBES, 

2019; UNEP, 2022). 

2.5. Data Analysis and Processing 

Data were analyzed using a qualitative thematic 

approach, which allows information to be grouped into 

coherent analytical categories and helps identify the 

main recurring themes in the literature. This method is 

particularly well-suited to interdisciplinary reviews 

involving heterogeneous data, as it facilitates the 

identification of cross-cutting themes from a variety of 

sources. The thematic analysis was conducted in 

several successive stages, including familiarization 

with the data, coding, theme construction, theme 

review, and theme interpretation. This approach is 

widely recognized for its ability to rigorously structure 

the results of qualitative syntheses (Braun & Clarke, 

2006; Guest et al., 2012; Vaismoradi et al., 2013; 

Nowell et al., 2017). 

The main analytical categories selected include 

plant community composition, ecological functions, 

resource use, local perceptions, and conservation 

issues. This framework allows data to be organized 

according to comparable dimensions while 
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highlighting the relationships between the various 

themes. Grouping information into clearly defined 

categories also facilitates the identification of 

commonalities and specificities among the studies. 

This approach promotes an integrated interpretation of 

the results and strengthens the coherence of the 

interdisciplinary analysis of the Congo Basin’s 

peatlands (Denzin & Lincoln, 2011; Maxwell, 2012; 

Silverman, 2013; Miles et al., 2014). 

A comparative analysis was conducted to identify 

general trends, methodological differences, and 

contrasts observed across the studies. This comparative 

approach examines variations based on geographic 

contexts, scales of analysis, and the types of data used. 

It contributes to a better understanding of the ecological 

and social dynamics of peatlands by revealing the 

factors likely to explain the differences observed 

between studies. Analyzing the convergences and 

contradictions among the studies also serves as a means 

of highlighting areas of uncertainty and gaps that still 

present in the scientific literature (Glaser & Strauss, 

1967; Charmaz, 2006; Bowen, 2009; Corbin & Strauss, 

2015). 

A critical review of the selected studies was also 

conducted to assess their methodological quality, the 

robustness of the data used, and the validity of the 

proposed interpretations. This step focused particularly 

on the consistency between objectives and methods, the 

precision of sampling procedures, the transparency of 

the analyses, and the consideration of the limitations of 

each study. Such an evaluation is essential for 

identifying the most reliable results and for minimizing 

the risk of bias in the final synthesis. It thus helps to 

strengthen the scientific rigor of the research as a whole 

(Lincoln & Guba, 1985; Sandelowski, 1993; Mays & 

Pope, 2000; Whittemore et al., 2001). 

2.6. Methodological Limitations 

Certain limitations remain, notably the still 

limited availability of scientific data on the peatlands 

of the Congo Basin. This lack of documentation applies 

equally to floristic inventories as well as to 

hydrological, socioeconomic, and cartographic data, 

which reduces the depth of analysis and limits the 

scope for generalization. The scarcity of field studies, 

difficult access to sites, and the lack of continuity in 

scientific monitoring constitute significant constraints 

in this region. This situation is regularly highlighted in 

studies on African tropical peatlands and the forest 

ecosystems of the Congo Basin (Turner et al., 2001; 

Turetsky et al., 2015; Dargie et al., 2017; Gumbricht et 

al., 2017). 

The concentration of research in a few relatively 

accessible geographic areas can also introduce spatial 

bias. Studies are often conducted in the best-

documented areas or those closest to transportation 

infrastructure, while vast portions of the peatlands 

remain understudied. This uneven distribution of 

research risks producing an incomplete picture of 

ecological and social dynamics across the entire Congo 

Basin. Such spatial biases are frequently observed in 

environmental research on land-use changes and 

tropical ecosystems (Ellis et al., 2010; Verburg et al., 

2011; Veldkamp et al., 2011; Meyfroidt et al., 2013). 

Methodological differences among the studies 

represent another significant limitation. The studies 

included in this review employ a variety of protocols 

regarding sampling, spatial scale, floristic analysis 

methods, and ecological indicators, which complicates 

direct comparisons of results. The heterogeneity of 

approaches can lead to differences in interpretation and 

reduce the comparability of data from different 

contexts. This limitation is common in interdisciplinary 

literature reviews and in environmental syntheses 

based on heterogeneous studies (Glass, 1976; 

Borenstein et al., 2009; Gurevitch et al., 2018; Cooper 

et al., 2019). 

Finally, publication bias can influence the 

availability and representativeness of the results used. 

Studies presenting significant or positive results are 

generally published more frequently than those 

reporting null or contradictory results. This situation 

can lead to an overestimation of certain phenomena and 

an underrepresentation of information that is 

nonetheless relevant. Limitations related to the 

language of publication, access to journals, and the 

visibility of local research also exacerbate this risk in 

the case of research on the Congo Basin. These biases 

are well documented in the methodological literature 

on scientific syntheses (Rosenthal, 1979; Rothstein et 

al., 2005; Song et al., 2010; Fanelli, 2012). 

2.7. Floristic composition of the peatlands in the 

Congo basin 

2.7.1. Plant Diversity 

The plant diversity of the Congo Basin’s 

peatlands is characterized by marked ecological 

specialization, directly linked to hydromorphic 

conditions, permanent soil waterlogging, and low 

oxygen availability. Species capable of surviving in 

these environments exhibit high tolerance to anoxic 

conditions, acidity, and nutrient poverty. These 

conditions generally limit species richness compared to 

well-drained tropical forests but favor the dominance 
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of highly specialized taxa. This floristic organization 

constitutes a major characteristic of tropical peatlands 

and forest wetlands in Central Africa (Wheeler & 

Proctor, 2000; Keddy, 2010; Page et al., 2011; Joosten 

et al., 2012). 

The vegetation is dominated primarily by a few 

iconic tree and palm species, including Raphia 

laurentii, Guibourtia demeusei, Uapaca spp., 

Symphonia globulifera, and Alstonia congensis. These 

species exhibit various morphological and 

physiological adaptations that enable them to survive 

in waterlogged substrates, such as the development of 

stilt roots, pneumatophores, aeriferous tissues, or a 

shallow root system. The strong dominance of Raphia 

laurentii in certain parts of the peatlands of the central 

Congo Basin is, in fact, one of the most distinctive 

floristic features of these ecosystems. This plant 

structure has been highlighted by several fundamental 

studies on Congolese peatlands and tropical swamp 

forests (Richards, 1952; Letouzey, 1985; Parish et al., 

2008; Dargie et al., 2017). 

The vegetation is mainly dominated by a few 

iconic species of trees and palms, notably Raphia 

laurentii, Guibourtia demeusei, Uapaca spp., 

Symphonia globulifera and Alstonia congensis. These 

species exhibit various morphological and 

physiological adaptations that enable them to survive 

in waterlogged soils, such as the development of stilt 

roots, pneumatophores, aeriferous tissues or a shallow 

root system. The strong dominance of Raphia laurentii 

in certain parts of the peatlands of the central Congo 

Basin is, in fact, one of the most distinctive floristic 

characteristics of these ecosystems. This plant structure 

has been highlighted by several fundamental studies on 

Congolese peatlands and tropical swamp forests 

(Richards, 1952; Letouzey, 1985; Parish et al., 2008; 

Dargie et al., 2017). 

The spatial distribution of species is strongly 

influenced by microenvironmental conditions, 

including pH, peat depth, duration of flooding, local 

topography, and nutrient availability. The most flooded 

and acidic areas tend to be dominated by a few highly 

specialized species, while slightly better-drained areas 

exhibit greater diversity. Floristic composition also 

varies according to distance from watercourses, the 

degree of organic matter accumulation, and seasonal 

fluctuations in water table levels. These environmental 

gradients explain the spatial heterogeneity observed 

even within the peatlands of the Congo Basin (Wheeler 

& Proctor, 2000; Limpens et al., 2008; Rydin & 

Jeglum, 2013; Brady & Weil, 2016). 

Despite recent advances in research, the plant 

diversity of the Congo Basin’s peatlands remains 

poorly documented. Current knowledge is based on a 

limited number of localized inventories, concentrated 

mainly in the most accessible areas of the Republic of 

the Congo and the Democratic Republic of the Congo. 

Vast areas remain understudied, limiting our 

understanding of regional floristic variability and 

species’ responses to environmental changes. This gap 

underscores the need to develop more systematic 

botanical inventories, long-term monitoring, and 

approaches combining remote sensing, plant ecology, 

and local knowledge (Dargie et al., 2017; Lewis et al., 

2018; CIFOR, 2020; FAO, 2020; Crezee et al., 2022; 

WWF, 2021; Bocko et al., 2024). 

2.7.2. Structure and Organization of Vegetation 

The vegetation structure of the Congo Basin’s 

peatlands is strongly influenced by water gradients, 

peat depth, and the duration of flooding. These factors 

determine oxygen availability, nutrient dynamics, and 

species establishment capacity, thereby creating a 

mosaic of habitats ranging from permanently flooded 

areas to periodically drained sectors (Wheeler & 

Proctor, 2000; Keddy, 2010; Rydin & Jeglum, 2013; 

Mitsch & Gosselink, 2015; Corlett, 2016). 

The central areas of peatlands are generally 

dominated by monospecific or sparsely diversified 

stands of palms of the genus Raphia, notably Raphia 

laurentii, while the higher, better-drained margins 

exhibit greater diversity of woody species such as 

Guibourtia demeusei, Uapaca spp., and Symphonia 

globulifera. This spatial organization reflects local 

variations in water level, peat depth, and soil fertility 

(Parish et al., 2008; Dargie et al., 2017; Gumbricht et 

al., 2017; Lewis et al., 2018; Bocko et al., 2024). 

Vertical stratification is also a fundamental 

component of the floristic structure. Peat forests 

typically feature a discontinuous canopy dominated by 

a few tree species, a relatively dense shrubby 

subcanopy, and a herbaceous layer composed of ferns, 

Araceae, and young palms. This structural model, 

already described in seminal works on tropical 

rainforests, facilitates the coexistence of species 

occupying different ecological niches (Richards, 1952; 

Richards, 1996; Whitmore, 1998; Corlett, 2016; Etuge 

et al., 2023). 
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The relationships between vegetation and 

hydrology play a central role in the functioning of these 

ecosystems. Plant communities partially control water 

retention, the rate of organic matter decomposition, and 

peat accumulation, while hydrological conditions in 

turn determine floristic composition. These 

interactions produce positive ecological feedbacks that 

contribute to the long-term maintenance of peatlands 

(Limpens et al., 2008; Page et al., 2011; Joosten et al., 

2012; Rydin & Jeglum, 2013; Lawson et al., 2022). 

However, vegetation structure remains dynamic 

and sensitive to natural and human-induced 

disturbances. Climate variations, fires, logging, 

drainage, or land conversion can rapidly alter the 

composition and spatial organization of vegetation, 

reducing the ecological resilience of peatlands. 

Fundamental research on land-use changes shows that 

these disturbances often lead to biological 

homogenization and a loss of ecological functions 

(Turner et al., 2001; Foley et al., 2005; Ellis et al., 2010; 

Lambin & Meyfroidt, 2011; Dargie et al., 2019). 

2.7.3. The ecological role of flora 

The main cause of carbon storage in these 

ecosystems is the flora of peatlands. The breakdown of 

organic materials is considerably slowed by the high 

production of plant communities, ongoing 

waterlogging, and oxygen scarcity. Tropical peatlands 

are among the most significant terrestrial carbon 

repositories because of the slow buildup of plant 

detritus that results in the creation of peat over several 

millennia (Page et al., 2011; Joosten et al., 2012; 

Turetsky et al., 2015). According to the 

groundbreaking work by Dargie et al. (2017), the 

Central Basin peatlands in the Congo Basin contain 

over 30.6 Gt of carbon in the form of peat, which 

accounts for about 28% of the global carbon stock of 

tropical peatlands. This finding significantly changed 

our perception of the Congo Basin's role in the global 

carbon cycle and established these peatlands as the 

largest known tropical peatland complex. Subsequent 

studies have confirmed the magnitude of this stock and 

clarified its spatial distribution as well as its 

vulnerability to climate change and anthropogenic 

disturbances (Crezee et al., 2022; Garcin et al., 2022). 

In addition to their role as carbon sinks, peatland 

vegetation plays a central role in hydrological 

regulation. The vegetation and peat matrix act as a 

natural sponge capable of retaining large volumes of 

water, slowing surface runoff, and maintaining soil 

moisture during dry periods. This buffering capacity 

contributes to the stability of regional hydrological 

regimes, limits flooding events, and supports the 

functioning of adjacent wetlands (Maltby & Barker, 

2009; Mitsch & Gosselink, 2015). At the Congo Basin 

scale, the wetland mapping conducted by Gumbricht et 

al. (2017) highlights that the vast swamp formations of 

the Central Basin play a major role in regional water 

dynamics. 

Peatlands are also habitats of great biological 

importance. Their flora provides food resources, 

shelter, and ecological niches for a wide variety of plant 

and animal species, many of which are endemic to 

tropical swamps. Peatland plant communities in 

Central Africa are characterized by the presence of 

species adapted to conditions of permanent flooding, 

acidity, and low nutrient availability, which promotes 

the development of unique and sometimes endemic 

plant communities (Keddy, 2010; Corlett, 2016). 

Recent studies conducted in the peatlands of the Congo 

Basin have confirmed the existence of a specific flora 

associated with peat swamp forests and have 

highlighted its role in maintaining regional biodiversity 

(Etuge et al., 2023). 

Ultimately, the ecological functioning of these 

habitats depends on close interactions between plant 

species and their environment. In peatlands, constraints 

related to low oxygen levels, acidity, and nutrient 

poverty often promote facilitative interactions between 

species, in addition to competitive processes. These 

positive interactions contribute to the stability and 

resilience of plant communities in the face of 

environmental disturbances by maintaining the 

functional diversity necessary for ecological regulation 

(Bertness & Callaway, 1994; Grime, 2001). 

The degradation of peatland vegetation therefore 

poses a major threat. Drainage, fires, logging, 

infrastructure development, and agricultural expansion 

cause peat to dry out and accelerate its mineralization, 

leading to massive emissions of carbon dioxide and 

methane. Dargie et al. (2019) identify these pressures 

as the main factors likely to compromise the stability 

of carbon stocks in the Central Basin. The findings of 

Garcin et al. (2022) further show that these peatlands 

are highly sensitive to hydroclimatic variations, 

reinforcing the need for their conservation. Thus, the 

protection of the Congo Basin’s peatlands now stands 

as a major scientific and political priority for climate 

change mitigation and the preservation of tropical 

biodiversity. 
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Table I. List of plant species found in the peatlands of 

the Congo Basin (Keddy, 2010; Joosten et al., 2012; 

FAO, 2015; Mitsch & Gosselink, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2.8. Perceptions of peatlands 

2.8.1. Local perceptions 

The living conditions of riparian communities 

and the economic roles these habitats play in their 

everyday lives are closely associated with local 

conceptions of peatlands in the Congo Basin. Peatlands 

are largely seen by the local populace as productive 

areas that offer necessary resources for survival. They 

are utilized for hunting, fishing, gathering non-timber 

forest products, building materials, and subsistence 

farming, especially the production of cassava, maize, 

and lowland vegetables. In situations characterized by 

poverty and restricted access to infrastructure, this 

utilitarian view is based on a logic of food security and 

economic resilience (Angelsen & Kaimowitz, 1999; 

Lambin et al., 2001; Geist & Lambin, 2002; Megevand 

et al., 2013). 

At the same time, traditional knowledge plays a 

significant role in how communities interpret and 

manage peatlands. In several regions of the Congo 

Basin, local people recognize through experience the 

ability of these ecosystems to retain water, mitigate the 

effects of seasonal droughts, and maintain soil fertility. 

Some communities also distinguish between different 

types of wetlands based on their flood levels, 

productivity, or suitability for specific uses. This 

knowledge, passed down from generation to 

generation, constitutes a form of local ecological 

management grounded in experience and observation 

of the environment (Leach & Fairhead, 2000; Stringer 

et al., 2006; Berkes, 2012). However, despite its 

potential to increase the societal acceptability of 

protective measures, recent research shows that this 

knowledge is still widely ignored in conservation 

programs and peatland management strategies. 

(CIFOR, 2020; Sonwa et al., 2022). 

Local perceptions are nevertheless changing as a 

result of demographic, economic, and territorial shifts. 

Population growth, the opening of markets, improved 

transportation routes, and increased demand for 

agricultural land are leading to more intensive use of 

peatlands. In this context, these environments are 

increasingly viewed as land reserves available for 

agriculture, timber harvesting, or infrastructure 

development. This shift in perceptions is often 

accompanied by a decline in traditional management 

practices and increased pressure on peatland 

ecosystems (Geist & Lambin, 2002; Rudel, 2007; 

DeFries et al., 2010; Ordway et al., 2019). Several 

studies conducted in the Central Basin thus show that 

local populations rarely associate peatlands with global 

climate issues or carbon storage, due to a lack of 

information and awareness (Dargie et al., 2019; 

CIFOR, 2020). 

This discrepancy between local perceptions and 

international conservation approaches is now a major 

challenge. While international stakeholders view 

peatlands as strategic carbon sinks and reservoirs of 

biodiversity, local communities primarily view them in 

terms of their immediate utility. Therefore, a number of 

authors stress that conservation programs can only be 

successful if they incorporate local knowledge, 

socioeconomic requirements, and the active 

involvement of the impacted community. Governance 

based on consultation, the promotion of sustainable 

uses, and the recognition of local rights appears 

essential to ensure the long-term protection of the 

Congo Basin’s peatlands (Ostrom, 1990; Berkes, 2012; 

Dargie et al., 2019; Sonwa et al., 2022). 

2.8.2. Scientific Perspectives 

Because of their crucial role in regulating the 

climate, the peatlands of the Congo Basin are now 

regarded by scientists as ecosystems of worldwide 

significance. Early reviews of tropical peatlands 

showed that these environments accumulate large 

amounts of organic matter over long periods and thus 

serve as particularly effective carbon sinks (Parish et 
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al., 2008; Page et al., 2011; Joosten et al., 2012). This 

viewpoint has been supported by more recent studies, 

which show that protecting peatlands is one of the best 

ways to reduce greenhouse gas emissions associated 

with changes in land use (Leifeld & Menichetti, 2018). 

In the Congo Basin, the discovery of the vast peat 

complex of the Central Basin marked a major 

milestone. 

Scientists also highlight the exceptional 

ecological value of these ecosystems. Tropical 

peatlands are home to specialized flora and fauna that 

have adapted to conditions of waterlogging, acidity, 

and low nutrient availability. Early research on wetland 

ecology showed that these environmental constraints 

promote the emergence of unique biological 

communities, often characterized by a high degree of 

specialization and sometimes endemism (Zedler & 

Kercher, 2005; Keddy, 2010). More recent reviews on 

peatlands highlight the complexity of interactions 

between plant species, microorganisms, and 

hydrological conditions, which contribute to the 

maintenance of biodiversity and the biogeochemical 

functioning of these environments (Limpens et al., 

2008; Rydin & Jeglum, 2013). In the Congo Basin, 

several recent floristic studies have confirmed the 

existence of plant communities specific to peat swamp 

forests and highlight their importance for 

understanding the mechanisms of ecological resilience 

in the face of environmental disturbances (Etuge et al., 

2023). 

Researchers also highlight how susceptible 

peatlands are to disruptions caused by humans. 

Wildfires, logging, deforestation, and drainage quickly 

change the hydrological conditions required to sustain 

peat. The stored organic matter in peat soils quickly 

oxidizes as they dry up, producing large emissions of 

methane and carbon dioxide. (Parish et al., 2008; 

Turetsky et al., 2015). Several studies also show that 

fires in peatlands can cause irreversible carbon losses 

and permanently alter vegetation structure (Limpens et 

al., 2008; Leifeld & Menichetti, 2018). In the Congo 

Basin, Lewis et al. (2018), Dargie et al. (2019), and 

CRREBaC (2022) consider that agricultural expansion, 

road infrastructure, and oil extraction projects 

constitute the main threats to the Central Basin. Recent 

analyses by Garcin et al. (2022) further show that these 

peatlands are sensitive to hydroclimatic variations, 

which could increase their vulnerability in the context 

of climate change. Thus, the body of scientific research 

points to the urgent need to conserve these ecosystems, 

not only to preserve their biodiversity but also to 

maintain their essential role in regulating the global 

climate. 

2.8.3. Problems with Perception  

One of the biggest challenges to the sustainable 

management of the peatlands in the Congo Basin today 

is the disparity between local and scientific 

perspectives. Local communities generally view these 

ecosystems as essential to their livelihoods, while 

scientists and international institutions perceive them 

primarily as carbon sinks and habitats to be protected. 

The traditional conflict between local communities' 

urgent demands and long-term conservation objectives 

is reflected in this divergent perspective. Early analyses 

of this issue have shown that environmental policies 

developed without taking social realities into account 

can exacerbate inequalities and provoke local 

resistance (Agrawal & Gibson, 1999; Adams et al., 

2004; Brockington et al., 2006). 

Local populations' limited participation in 

decision-making processes frequently makes these 

conflicts worse. In many conservation projects, rules 

governing access to resources are established centrally, 

without meaningful consultation with the affected 

communities. However, several studies show that top-

down policies are frequently perceived as unfair, ill-

suited to local practices, and likely to threaten 

livelihoods. This situation reduces public support for 

conservation programs and can lead to open conflict or 

strategies to circumvent regulations (Pretty, 1995; 

Berkes, 2004; Reed, 2008; Ostrom, 2009). Recent 

research in the Congo Basin shows that these 

misconceptions are exacerbated by the denial of 

customary land rights and the ignorance of the 

problems peatlands face due to climate change. (Dargie 

et al., 2019; Sonwa et al., 2022). 

Several authors have also shown that 

discrepancies between scientific knowledge and local 

knowledge often stem from a lack of dialogue between 

different knowledge systems. Researchers generally 

prioritize global indicators, such as carbon storage or 

biodiversity, while communities assess peatlands based 

on their everyday utility, accessibility, or ability to 

provide resources. This difference in scale and time 

frame partly explains why certain protective measures 

are met with resistance at the local level (Cash et al., 

2003; Folke et al., 2005). Research on environmental 

governance, nevertheless, shows that conflicts can be 

reduced when scientific knowledge is translated into 

terms that are understandable and relevant to the 

affected populations and when local knowledge is 
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recognized as legitimate in decision-making processes 

(Armitage et al., 2009; Tengö et al., 2014). 

From this perspective, an integrated approach 

that combines local knowledge and scientific expertise 

appears to be the most promising path for managing the 

peatlands of the Congo Basin. Participatory 

approaches, based on consultation, the joint 

development of rules, and community-based resource 

management, make it possible to reconcile 

conservation objectives with the socioeconomic needs 

of local populations. They also promote greater 

ownership of environmental policies and enhance their 

long-term effectiveness (Stringer et al., 2006; Reed, 

2008; Armitage et al., 2009). Recent experiences in 

several regions of the Congo Basin show that 

governance involving local communities, researchers, 

and public institutions improves both peatland 

protection and the social acceptability of conservation 

measures (CIFOR, 2020; Sonwa et al., 2022). 

2.9. Local peatland conservation practices in the 

Congo basin 

In the Congo Basin, local peatland conservation 

practices play a significant role in preserving wetland 

ecosystems and the carbon they store. Long before the 

advent of modern conservation policies, local 

communities and indigenous peoples were already 

applying traditional methods of sustainable natural 

resource management. These practices are based 

primarily on indigenous knowledge, local customs, and 

the close cultural ties between communities and their 

natural environment. Peatlands are thus viewed not 

only as areas for subsistence, but also as environments 

of significant spiritual, social and ecological value 

(Dargie et al., 2017; CIFOR, 2022). 

One of the main local conservation practices is 

the traditional protection of swamp forests, which are 

regarded as sacred. In several regions of the central 

Congo Basin, certain wetlands are off-limits or subject 

to traditional restrictions imposed by traditional leaders 

and community elders. These prohibitions often relate 

to overhunting, excessive logging, or the exploitation 

of resources during certain periods of the year. Thanks 

to these traditional rules, several peatland areas have 

been able to maintain their ecological integrity despite 

increasing human pressures (Oyono, 2005; Nguimalet 

& Ndjendolé, 2021). 

Local communities also engage in moderate, 

seasonal use of the natural resources found in 

peatlands. Small-scale fishing, the collection of non-

timber forest products, the gathering of medicinal 

plants, and the domestic use of wood are generally 

carried out on a small scale. This traditional 

management approach limits the overexploitation of 

resources and promotes the natural regeneration of 

ecosystems. Unlike industrial operations, which often 

lead to the drainage and degradation of peatlands, local 

activities remain relatively in tune with the natural 

environment’s capacity for renewal (FAO, 2023; 

CIFOR, 2022). 

Traditional ecological knowledge is also a key 

element in the conservation of peatlands. Local 

communities have a sound understanding of the 

hydrological, biological, and ecological characteristics 

of wetlands. They know the best times for fishing, 

which plant species are useful for medicine, which 

vulnerable areas need protecting, and which harvesting 

techniques minimise environmental impacts. This 

knowledge, passed down from generation to 

generation, enables a more balanced management of 

natural resources and contributes to maintaining the 

biodiversity of peatlands (Assembe-Mvondo, 2013; 

CIFOR, 2022). 

Furthermore, community-based land 

management plays an important role in the 

conservation of peatlands in the Congo Basin. In many 

localities, natural resources are managed collectively 

through traditional governance systems. Communities 

establish rules governing access to areas for fishing, 

hunting, or the collection of forest products in order to 

prevent conflicts and overexploitation. This 

community-led monitoring also reduces illegal 

activities such as unregulated logging or the 

uncontrolled occupation of wetlands (Oyono, 2005; 

Assembe-Mvondo et al., 2015). 

Traditional farming practices observed around 

peatlands also contribute to their conservation. Local 

communities often practice low-intensity farming, 

confined to the peripheral areas of wetlands, without 

extensive drainage of peat soils, which maintain the 

natural moisture levels of peatlands. As these 

ecosystems play a major role in carbon storage and 

climate regulation, when peatlands are drained, they 

release significant quantities of greenhouse gases, 

which exacerbates climate change (Dargie et al., 2017; 

Parish et al., 2015). 

However, despite the importance of these local 

practices, the peatlands of the Congo Basin currently 

face a number of threats, including industrial logging, 
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oil projects, extensive agriculture and increasing 

urbanisation. These activities undermine traditional 

conservation mechanisms and increase the risk of 

degradation of peatland ecosystems. Against this 

backdrop, several researchers and environmental 

organisations recommend integrating local knowledge 

into modern policies for the sustainable management of 

peatlands (Turetsky et al., 2015; FAO, 2023). 

Thus, the sustainable conservation of the Congo 

Basin’s peatlands requires a participatory approach that 

fully involves local communities and indigenous 

peoples. Valuing traditional knowledge, strengthening 

community governance, and supporting sustainable 

local practices appear to be essential strategies for 

protecting these unique ecosystems whilst improving 

the living conditions of local communities (CIFOR, 

2022; Assembe-Mvondo et al., 2015). 

2.10. Legal and regulatory framework 

2.10.1. International Legal Framework 

The management of peatlands in the Congo Basin 

is part of a broader framework of international legal 

and policy instruments aimed at protecting wetlands 

and strengthening efforts to combat climate change. 

The first major instrument is the Ramsar Convention 

on Wetlands, adopted in 1971, which recognizes the 

ecological, hydrological, economic, and cultural value 

of wetlands. This convention encourages states to 

ensure the conservation and wise use of peatlands 

through national policies, the establishment of 

protected sites, and international cooperation. Over 

time, Ramsar has progressively placed greater 

emphasis on peatlands, notably by identifying them as 

strategic ecosystems for water and climate regulation 

(Davidson, 2014; Ramsar Convention Secretariat, 

2016; Finlayson et al., 2018). 

This strategy was extended in the 1990s by the 

Convention on Biological Diversity (CBD, 1992), 

which acknowledged peatlands as crucial ecosystems 

for biodiversity conservation. The CBD emphasizes in 

situ conservation, the sustainable management of 

natural resources, and the involvement of local 

communities. The Aichi Targets adopted in 2010, 

followed by discussions on the post-2020 global 

biodiversity framework, place particular emphasis on 

the protection of vulnerable ecosystems, including 

tropical peatlands. These peatlands are recognized not 

only for their biological richness but also for the 

ecosystem services they provide to local communities 

and on a global scale (Secretariat of the Convention on 

Biological Diversity, 2014; Díaz et al., 2019; CBD, 

2020). 

Since the Paris Agreement was adopted in 2015, 

the importance of peatlands in regulating climate 

change has become more widely acknowledged. The 

Agreement urges nations to include ecosystems in their 

national climate strategies and emphasizes the value of 

natural carbon sinks in reducing climate change. 

Therefore, Nationally Determined Contributions 

(NDCs) offer a framework that allows Congo Basin 

nations to incorporate peatland protection into their 

objectives for reducing emissions. Protecting carbon-

rich ecosystems, like peatlands, is one of the best 

natural ways to slow down global warming, according 

to a number of scientific studies. (Griscom et al., 2017; 

Leifeld & Menichetti, 2018). This approach has been 

reinforced by recent reports from the 

Intergovernmental Panel on Climate Change, which 

consider peatlands to be essential components of global 

climate stability (IPCC, 2019; IPCC, 2021). 

Other international frameworks complement 

these instruments. The Sustainable Development Goals 

adopted in 2015 establish a direct link between 

ecosystem protection, poverty reduction, and climate 

resilience. SDG 13 on climate action and SDG 15 on 

life on land explicitly promote the sustainable 

management of wetlands and forests. In the same vein, 

several recent international initiatives, such as the 

United Nations Decade on Ecosystem Restoration 

2021–2030 and the Brazzaville Declaration on the 

Peatlands of the Congo Basin, emphasize the need to 

restore, protect, and sustainably manage tropical 

peatlands. These tools aid in incorporating the 

peatlands of the Congo Basin into a framework for 

global environmental governance where local 

involvement, development, and conservation must be 

balanced. (UN, 2015; Costanza et al., 2016; Sachs et 

al., 2019; Brazzaville Declaration, 2018; UNEP, 2021). 

2.10.2. Regional Regulatory Framework (Congo 

Basin)  

At the regional level, peatland management is 

guided by several initiatives led by institutions in the 

Congo Basin. The Central African Forest Commission 

(COMIFAC) is a key player in coordinating forestry 

and environmental policies. COMIFAC’s Convergence 

Plan incorporates the conservation of forest and 

wetland ecosystems, indirectly including peatlands 

(COMIFAC, 2015; Megevand et al., 2013; de 

Wasseige et al., 2015; CIFOR, 2020). 

Additionally, the UN-backed Congo Basin 

Peatlands Initiative seeks to advance the sustainable 

management of these ecosystems. It encourages 

regional collaboration, institutional capacity building, 
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and scientific research. (UNEP, 2018; CIFOR, 2020; 

FAO, 2020; WWF, 2021). 

Regional mechanisms such as REDD+ also play 

an important role in protecting peatlands by addressing 

emissions from deforestation and forest degradation. 

These mechanisms include financial incentives to 

encourage the conservation of carbon-rich ecosystems 

(Angelsen et al., 2018; FCPF, 2019; FAO, 2018; World 

Bank, 2020). 

Regional coordination still faces institutional and 

political obstacles, nonetheless, in spite of these efforts. 

The successful execution of programs can occasionally 

be hampered by institutional limitations and disparities 

in national priorities. (Megevand et al., 2013; de 

Wasseige et al., 2015; CIFOR, 2020; WWF, 2021). 

2.10.3. National Regulatory Framework (DRC) 

In the Democratic Republic of the Congo, the 

legal protection of peatlands is based on a set of laws 

relating to the environment, forests, land use planning, 

and natural resources. The initial foundations of this 

framework were laid by the Forest Code adopted in 

2002, which serves as the primary instrument for 

managing forest ecosystems. This law aims to ensure 

the conservation, sustainable use, and restoration of 

national forests. Although it does not explicitly refer to 

peatlands, they are indirectly covered when located 

within swamp forests or forest concessions. The Code 

notably provides for the classification of certain areas 

of high ecological value and imposes harvesting rules 

designed to limit damage to wetlands (Debroux et al., 

2007; MEDD, 2002). 

This strategy was strengthened in the years that 

followed by a number of sectoral programs. The 

significance of wetland habitats for biodiversity 

conservation and climate control has gradually been 

acknowledged in national plans on biodiversity and 

sustainable forest management. National forestry 

initiatives and the Growth and Poverty Reduction 

Strategy Paper already highlight the importance of 

better incorporating wetlands into land-use planning 

and rural development strategies. (Megevand et al., 

2013; de Wasseige et al., 2014). 

A significant milestone was reached with the 

adoption of Law No. 11/009 of July 9, 2011, on 

fundamental principles relating to environmental 

protection. This law establishes the general framework 

for environmental governance in the Democratic 

Republic of the Congo. In particular, it requires the 

conduct of environmental and social impact 

assessments for all projects likely to affect ecosystems, 

including wetlands and peatlands. It also introduces the 

principles of precaution, prevention, and “polluter 

pays,” which can serve as a foundation for better 

protection of peatlands in the face of infrastructure, 

agricultural, or mining projects (MEDD, 2011; FAO, 

2020). 

Starting in the mid-2010s, national climate 

policies began to incorporate peatlands more directly 

through REDD+ mechanisms. The National REDD+ 

Framework Strategy and the creation of the National 

REDD+ Fund have facilitated the financing of forest 

conservation and carbon emission reduction projects. 

Following the discovery of the vast peatlands of the 

Central Basin, these ecosystems have gradually come 

to be regarded as strategic carbon sinks in climate 

planning documents. Programs supported by the 

National REDD+ Fund, the Central African Forest 

Initiative, and the World Bank thus aim to promote 

sustainable agricultural practices, community-based 

resource management, and the mitigation of 

deforestation in peatland areas (Angelsen et al., 2018; 

Dargie et al., 2017; FONAREDD, 2020; World Bank, 

2020). 

Despite these advances, the Congolese legal 

framework still has several gaps. There is currently no 

specific law that defines peatlands as a distinct 

ecological category or sets out specific rules governing 

their protection, use, or restoration. Their status 

remains scattered across various sector-specific laws 

relating to forests, the environment, mining, and 

agriculture, which creates institutional overlaps and 

weak regulatory consistency. This lack of explicit legal 

recognition limits the authorities’ ability to regulate the 

use of peatlands and prevent their degradation, 

particularly in regions subject to oil, forestry, or agro-

industrial development projects (Lewis et al., 2018; 

CIFOR, 2020; FAO, 2020; WWF, 2021). 
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Table II. Summarising the legal framework: Level, 

Instrument and Scope (MEDD, 2002; Debroux et al., 

2007; COMIFAC, 2015; UN, 2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.10.4. Limitations and Challenges of the Regulatory 

Framework  

From the earliest attempts at integrated 

environmental management, it became clear how 

difficult it would be to implement rules to protect 

peatlands in the Congo Basin. As early as the 1990s, 

several authors demonstrated that conservation efforts 

suffered from a lack of financial resources, weak 

institutions, and poor coordination among government 

agencies, international donors, and local communities. 

The limited technical capacities of Central African 

states reduce the scope of the numerous legal texts at 

the national and international levels (Agrawal & 

Gibson, 1999; Kaimowitz & Angelsen, 1998; Adams et 

al., 2004; Brockington et al., 2006). This situation is 

exacerbated by weak governance systems, corruption, 

and dependence on external funding, which make it 

difficult to ensure the continuity of environmental 

programs (Ostrom, 2009; Megevand et al., 2013; 

World Bank, 2019; CIFOR, 2020). 

Another major obstacle is the absence of 

scientific information. The Congo Basin's peatlands 

were mainly disregarded in national climate initiatives, 

land-use plans, and public policies until recently. 

Several authors have pointed out that tropical wetlands 

are often under-mapped and insufficiently addressed in 

land-management policies. The recent discovery of 

vast peatland complexes in the Central Basin has 

highlighted the extent of this scientific and institutional 

gap (Frazier, 1999; Joosten & Clarke, 2002; Dargie et 

al., 2017; Lewis et al., 2018). Despite these advances, 

peatlands remain poorly integrated into national 

planning documents and legal frameworks related to 

forests, agriculture, or infrastructure (FAO, 2020; 

WWF, 2021). 

Human pressures also continue to undermine the 

effectiveness of conservation measures. For several 

decades, agricultural expansion, logging, infrastructure 

development, and the opening up of new areas for 

exploitation have contributed to the gradual conversion 

of peatlands. Research on land-use dynamics shows 

that population pressure and the growing integration of 

rural economies into markets are accelerating the 

transformation of natural environments. In many 

regions of the Congo Basin, law enforcement remains 

limited due to the remoteness of the affected areas, a 

lack of administrative oversight, and weak penalties 

(Geist & Lambin, 2002; Foley et al., 2005; Ellis et al., 

2010; Lambin & Meyfroidt, 2011). Recent projects 

related to roads, agribusiness, oil, and mining thus pose 

additional threats to peatlands, particularly when 

environmental impact assessments remain inadequate 

or poorly implemented (Edwards et al., 2014; Dargie et 

al., 2019; FAO, 2020). 

Lastly, development needs and environmental 

imperatives often clash with conservation measures.  

Local communities rely heavily on peatlands for 

agriculture, fishing, hunting, and the collection of 

forest products. In this context, restrictive measures 

may be perceived as incompatible with subsistence 

needs and economic security. Several studies have 

shown that conservation approaches imposed without 

local participation often lead to tensions, or even forms 

of resistance. The challenge therefore lies in the ability 

to reconcile conservation objectives with the social and 

economic realities of the affected areas (Pretty, 1995; 

Agrawal & Gibson, 1999; Adams et al., 2004; 

Brockington et al., 2006; Ostrom, 2009). Recent 

approaches therefore emphasize the need to strengthen 

participatory governance, the recognition of local 

rights, and compensation mechanisms in order to 

reconcile peatland protection with sustainable 

development. 

2.10.5. Prospects for Improvement 

Strengthening the legal framework governing 

peatlands in the Congo Basin requires, above all, 

explicit recognition of these ecosystems in national 

legislation. Since the 1990s, numerous studies have 

shown that environmental policies remain largely 

ineffective when they fail to take into account the 

ecological specificities of wetlands. Peatlands thus 

require specific legal frameworks due to their role in 
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major ecological functions. Recent recommendations 

emphasize the adoption of specific laws that clearly 

define their status, permitted uses, monitoring 

mechanisms, and restoration obligations in the event of 

degradation (Joosten & Clarke, 2002; Parish et al., 

2008; Joosten et al., 2012; FAO, 2020). Such a 

development would also allow for the more systematic 

integration of peatlands into the forestry, agricultural, 

mining, and climate policies of the Congo Basin 

countries (CIFOR, 2020; WWF, 2021). 

Improving governance also requires 

strengthening institutional capacity. Several analyses 

highlight that environmental and forestry agencies 

often lack the financial, technical, and human resources 

needed to effectively monitor activities in peatland 

areas. Consequently, developing specialized training 

programs, equipping monitoring services, and 

strengthening environmental monitoring systems are 

key priorities. The use of technologies such as remote 

sensing, participatory mapping, and geographic 

information systems could contribute to better 

identification of peatlands and more effective 

management of pressures on these ecosystems (World 

Bank, 2013; FAO, 2018; UNEP, 2018; World Bank, 

2020). 

Furthermore, several authors emphasize the need 

to incorporate local knowledge and community 

practices into public policy. Local communities often 

possess a detailed understanding of the ecological 

dynamics of peatlands, acquired over generations. 

Participatory management approaches developed since 

the 1990s show that incorporating this knowledge 

improves the social acceptability and effectiveness of 

conservation measures. Governance based on 

collaboration between public institutions, researchers, 

and local communities helps reduce conflicts over land 

use and better reconcile conservation with economic 

development (Pretty, 1995; Berkes, 2004; Folke et al., 

2005; Reed, 2008; Berkes, 2012). 

Finally, the sustainable protection of peatlands 

requires closer regional and international cooperation. 

The Congo Basin's peatlands are spread across multiple 

nations, and their degradation may have an impact on 

the world's climate. Since the discovery of their 

importance as carbon sinks, several regional and 

international initiatives have highlighted the need to 

harmonize policies, share scientific data, and 

coordinate funding. Cooperation programs between the 

states of the Congo Basin, United Nations agencies, 

international donors, and research organizations must 

therefore be strengthened to ensure the coherent 

management of these transboundary ecosystems 

(UNEP, 2018; FAO, 2020; World Bank, 2020; CIFOR, 

2020). 

2.11. Challenges and outlook 

2.11.1. Environmental Issues 

The peatlands of the Congo Basin are facing 

increasing environmental pressures resulting from a 

combination of human activities and global changes. 

Initial analyses of tropical land degradation dynamics 

have shown that agricultural expansion is one of the 

main drivers of change in wetland ecosystems. Shifting 

cultivation, widely practiced in several regions of the 

Congo Basin, leads to the clearing of vegetation and the 

disturbance of hydromorphic soils. This practice causes 

the gradual drying out of peatlands, a decrease in 

organic matter, and an acceleration of decomposition 

processes. The ability of these ecosystems to store 

carbon sustainably is thus significantly reduced 

(Houghton et al., 1991; Geist & Lambin, 2002; Foley 

et al., 2005; Gibbs et al., 2010; Curtis et al., 2018). 

Drainage poses a particularly serious threat to 

peatlands. As early as the beginning of the 2000s, 

several studies showed that lowering the water table 

profoundly alters the functioning of peat soils. By 

exposing peat to oxygen, drainage accelerates its 

oxidation and leads to the release of large quantities of 

carbon dioxide and other greenhouse gases. Studies 

conducted in various tropical regions demonstrate that 

drained peatlands can rapidly shift from being carbon 

sinks to net sources of emissions. This transformation 

not only reduces their role in the climate but also 

promotes wildfires, which are often difficult to control 

in peat soils (Joosten & Clarke, 2002; Hooijer et al., 

2010; Page et al., 2011; Turetsky et al., 2015). 

Deforestation and unsustainable logging 

exacerbate these disturbances. The loss of forest cover 

alters microclimates, increases soil exposure to solar 

radiation, and disrupts hydrological cycles. Early 

studies on the ecological effects of forest fragmentation 

have shown that vegetation loss leads to decreased 

humidity, increased local temperatures, and reduced 

ecosystem resilience. In the peatlands of the Congo 

Basin, these changes weaken specialized plant species 

and disrupt the ecological interactions that ensure the 

stability of the environment. They can also lead to a 

rapid decline in biodiversity and a lasting alteration of 

plant community composition (Laurance et al., 1997; 
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Barlow et al., 2016; Dargie et al., 2017; Lewis et al., 

2018). 

An additional step in the degradation of peatlands 

is their transformation into plantations or agricultural 

land. When converted for cultivation or the 

establishment of monocultures, peatlands gradually 

lose the organic matter essential for peat formation. 

This conversion leads to a decline in natural biological 

productivity, a simplification of vegetation structure, 

and an acceleration of mineralization processes. Recent 

observations in the Congo Basin show that this 

transformation can rapidly lead to a reduction in peat 

thickness and a loss of its essential ecological functions 

(Miettinen et al., 2012; Wijedasa et al., 2017; 

Mutonkole, 2023). 

Finally, climate change acts as an aggravating 

factor for all of these pressures. Rising temperatures 

and changes in precipitation patterns directly influence 

the hydrological functioning of peatlands. Prolonged 

droughts, which are more frequent in certain climate 

scenarios, contribute to lowering the water table, 

drying out the peat, and increasing the risk of fire. Since 

the 2000s, several authors have shown that the 

interactions between climate change and anthropogenic 

pressures significantly increase the vulnerability of 

tropical peatlands. These ecosystems could thus 

gradually lose their ability to sequester carbon if the 

hydrological conditions necessary for their functioning 

are no longer maintained (Davidson & Janssens, 2006; 

Dise, 2009; Turetsky et al., 2015; Loisel et al., 2021; 

IPCC, 2021). 

Table III. Threats, Impacts and Risk Levels (Laurance et al., 1997; Houghton et al., 1991; Geist & Lambin, 2002; 

Joosten & Clarke, 2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.11.2. Sustainable Management of Peatlands 

The sustainable management of peatlands in the 

Congo Basin requires integrated strategies capable of 

reconciling ecological conservation imperatives with 

the development needs of local communities. As early 

as the 1990s, several authors demonstrated that sector-

specific approaches are insufficient for managing 

complex ecosystems such as peatlands, whose 

functioning depends on interactions between 

vegetation, hydrology, human uses, and climate 

dynamics. Ecosystem-based approaches thus appear 

particularly well-suited, as they simultaneously 

consider the ecological, social, and economic 

dimensions of management. They aim to preserve 

hydrological functions, biodiversity, and carbon storage 

capacities while maintaining the livelihoods of riparian 

communities (Holling, 1973; Costanza et al., 1997; 

Millennium Ecosystem Assessment, 2005; Folke et al., 

2005). 

From this perspective, sustainable management 

also involves restoring the ecological functions of 

already degraded peatlands. Reestablishing vegetation 

cover, preserving a high water table, and hydrological 

restoration are all necessary for reestablishing peat 

production processes, according to research on 

wetlands. These measures not only reduce carbon 

emissions but also strengthen the resilience of 

ecosystems to climate change. Recent strategies 

therefore recommend prioritizing the prevention of 

degradation, combined with ecological restoration 

programs in areas already affected by drainage, 

agriculture, or deforestation (Mitsch & Gosselink, 

2000; Joosten & Clarke, 2002; Parish et al., 2008; FAO, 

2020). 

International climate mechanisms also offer 

significant opportunities to support these efforts. Since 

the 2000s, REDD+ initiatives and climate finance 
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programs have sought to create economic incentives 

that promote the conservation of carbon-rich 

ecosystems. The peatlands of the Congo Basin, due to 

their major role in carbon storage, occupy a strategic 

position within these mechanisms. However, several 

studies highlight that their effectiveness depends 

heavily on the quality of governance, transparency in 

the management of funds, and the equitable distribution 

of benefits. Programs that do not take local realities into 

account risk exacerbating inequalities or sparking 

conflicts over land use (Phelps et al., 2010; Corbera & 

Schroeder, 2011; Sunderlin et al., 2015; Angelsen et al., 

2018). 

The integration of local knowledge is another 

fundamental pillar of sustainable management. For 

several decades, research on community-based natural 

resource governance has shown that local communities 

possess valuable knowledge about hydrological 

dynamics, vegetation, and traditional uses of peatlands. 

When this knowledge is combined with scientific 

expertise through participatory processes, management 

strategies become better suited to local contexts and 

more readily accepted. Participatory approaches also 

help strengthen the legitimacy of environmental 

policies, limit conflicts, and promote sustainable 

ownership of conservation measures (Pretty, 1995; 

Cash et al., 2003; Berkes, 2004; Reed, 2008; Berkes, 

2012). 

Building stronger institutional and legal 

frameworks is essential to the sustainability of 

management. The implementation of environmental 

legislation is severely hampered by poor institutions, a 

lack of coordination among government agencies, and 

a lack of enforcement resources, according to several 

evaluations carried out in the Congo Basin countries. 

Effective governance therefore requires the 

development of technical capacity, the establishment of 

monitoring and surveillance systems, and better 

coordination among national, regional, and 

international stakeholders. Remote sensing 

technologies, peatland mapping, and environmental 

monitoring systems can help improve the monitoring of 

anthropogenic pressures and guide management 

decisions (Ostrom, 2009; World Bank, 2013; World 

Bank, 2019; UNEP, 2018; FAO, 2020; CIFOR, 2020). 

2.11.3. Research Prospects 

There are still many research opportunities 

regarding the peatlands of the Congo Basin, and these 

represent a major challenge for improving their 

conservation and management. One of the priorities 

involves detailed mapping and the spatial delineation of 

these ecosystems. Despite recent progress, knowledge 

of the actual extent of the peatlands remains incomplete, 

particularly in areas that are difficult to access. Early 

mapping approaches relied on field surveys and aerial 

photographs, but advances in remote sensing, 

geographic information systems (GIS), and radar 

sensors now make it possible to produce more accurate 

maps and track the dynamics of deforestation, flooding, 

and drainage. The integration of multi-temporal satellite 

data appears particularly important for detecting long-

term changes and identifying the most vulnerable areas 

(Malingreau, Tucker, & Laporte, 1989; Bwangoy et al., 

2010; Hansen et al., 2013; Asner, 2009). 

Improvements in mapping methods must also 

include a better hydrological characterization of 

peatlands. Future research should analyze more 

precisely seasonal variations in water levels, the 

connections between peatlands and river systems, and 

the effects of hydrological changes caused by human 

activities. These parameters are critical, as maintaining 

a stable water regime directly determines the ability of 

peatlands to store carbon and preserve their 

biodiversity. Studies on tropical wetlands thus show 

that hydrological disturbances are often the primary 

factor in peatland degradation (Mitsch & Gosselink, 

2000; Joosten & Clarke, 2002; Rydin & Jeglum, 2013). 

The study of the floristic composition and 

biodiversity of peatlands represents a second priority 

area. Current knowledge of the plant communities in the 

Congo Basin’s peatlands remains fragmentary, even 

though species diversity plays a crucial role in the 

ecological functioning of these habitats. Future research 

should focus on species inventories, the structure of 

plant communities, and the interactions between plants, 

soils, and hydrology. A better understanding of these 

relationships would allow for a more accurate 

assessment of peatlands’ resilience to disturbances, 

particularly deforestation, fires, or climate change. 

Studies on wetlands have shown that biological 

diversity directly contributes to ecosystem stability and 

adaptive capacity (Tilman, 1997; Zedler & Kercher, 

2005; Maltby & Barker, 2009; Keddy, 2010; Rydin & 

Jeglum, 2013). 

Research should also focus more on indicator 

species and endemic species associated with peatlands. 

These species can serve as tools for ecological 

monitoring and provide valuable information on the 
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conservation status of ecosystems. Furthermore, 

paleoecological analyses, based on the study of pollen, 

plant macroremains, and sediments, would make it 

possible to reconstruct the historical evolution of 

peatlands and better understand their response to past 

climate variations (Charman, 2002; Birks & Birks, 

2006; Swindles et al., 2018). 

Carbon dynamics and greenhouse gas fluxes are 

another important field of study. The peatlands of the 

Congo Basin represent one of the world’s largest 

tropical carbon reservoirs, but the mechanisms 

governing carbon storage and release remain poorly 

understood. Future research should more accurately 

quantify emissions of carbon dioxide, methane, and 

nitrous oxide according to different peatland types and 

land uses. It should also analyze the impact of climate 

change, drainage, and deforestation on carbon budgets. 

This work is essential for properly integrating peatlands 

into global climate models and emissions reduction 

policies (Gorham, 1991; Page et al., 2011; Turetsky et 

al., 2015; Leifeld & Menichetti, 2018). 

Future research must adopt interdisciplinary 

approaches that integrate social, economic, 

institutional, and political dimensions. The pressures on 

the peatlands of the Congo Basin are closely linked to 

demographic trends, agricultural practices, land 

policies, and development strategies. Understanding the 

interactions between local stakeholders, institutions, 

and ecosystems is therefore essential for designing 

sustainable solutions. Studies on natural resource 

governance show that management frameworks are 

more effective when they involve local communities, 

public authorities, and international organizations. 

Interdisciplinary research can thus help identify forms 

of governance adapted to local realities and capable of 

reconciling conservation and development (Agrawal, 

2001; Cash et al., 2003; Folke et al., 2005; Ostrom, 

2009; Berkes, 2012). 

2.12. Discussion 

2.12.1. Floristic composition and ecological structure 

of tropical peatlands 

The peatlands of the Congo Basin are home to 

flora adapted to hydromorphic conditions, acidic soils 

and low oxygen levels. They are dominated by species 

such as Raphia laurentii, Guibourtia demeusei, 

Symphonia globulifera and Uapaca guineensis. 

According to Dargie et al. (2017), Lewis et al. (2018), 

Etuge et al. (2023) and Sonké et al. (2024), this 

vegetation promotes the accumulation of organic matter 

and the formation of peat due to the permanent 

waterlogging of the soils. The work of Keddy (2010), 

Corlett (2016) and Joosten et al. (2012) also shows that 

these ecological conditions favour specialised and 

sometimes endemic plant communities. Compared to 

other tropical peatlands, those of the Congo Basin 

remain relatively intact. 

2.12.2. Carbon sequestration and its significance for 

the climate 

The peatlands of the Congo Basin constitute one 

of the world’s largest tropical carbon reservoirs. Dargie 

et al. (2017) estimate that those in the Central Basin 

store approximately 30.6 gigatonnes of carbon in the 

form of peat. According to Lewis et al. (2018), Crezee 

et al. (2022) and Garcin et al. (2022), this stock plays a 

major role in climate regulation. Conditions of 

permanent waterlogging slow down the decomposition 

of organic matter and promote the gradual accumulation 

of carbon over several millennia (Page et al., 2011; 

Joosten et al., 2012; Turetsky et al., 2015). In Indonesia, 

peatlands also represent significant carbon reservoirs, 

but they are severely degraded by drainage, fires and 

industrial oil palm plantations (Page et al., 2011; 

Miettinen et al., 2016). 

2.12.3. REDD+ mechanisms and peatland conservation 

REDD+ mechanisms were developed to reduce 

emissions from deforestation and promote the 

conservation of carbon-rich ecosystems. In the Congo 

Basin, peatlands are gradually being incorporated into 

national climate strategies. According to FONAREDD 

(2020), COMIFAC (2015), CIFOR (2020) and Sonwa 

et al. (2022), several initiatives support their 

conservation through carbon markets and international 

funding. However, the implementation of REDD+ 

remains limited by institutional weakness, a lack of 

funding and governance challenges. Indonesia is one of 

the leading examples of REDD+ implementation in 

tropical peatlands. Following the 2015 fires, several 

international programmes were launched to restore 

degraded peatlands and reduce carbon emissions 

(Murdiyarso et al., 2015). However, results remain 

limited due to land conflicts, corruption and interests 

linked to oil palm (Angelsen, 2009; Phelps et al., 2010; 

Goldstein, 2020). In the Amazon, the most effective 

projects are those that involve indigenous communities 

and respect local land rights (Nepstad et al., 2014; 

Börner et al., 2017), whilst in Papua, REDD+ remains 

hampered by land disputes and governance issues 

(Filer, 2011). 

2.12.4. Payments for ecosystem services (PES) 

Payments for ecosystem services (PES) aim to 

compensate local communities for the conservation of 

environmental services such as carbon sequestration, 
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biodiversity and water regulation. In the Congo Basin, 

PES remain underdeveloped despite initiatives 

supported by FONAREDD, the World Bank and 

UNEP. According to CIFOR (2020), the World Bank 

(2020) and Sonwa et al. (2022), their effectiveness 

remains limited by land tenure insecurity, weak 

administrative capacity and a lack of transparency in the 

redistribution of benefits. In the Amazon, several PES 

programmes have helped to partially reduce 

deforestation and support local communities engaged in 

forest conservation (Wunder, 2005; Börner et al., 2017).  

In Indonesia, these mechanisms remain heavily reliant 

on international funding and sometimes benefit large 

corporations more than local communities, which fuels 

land disputes (Miettinen et al., 2016; Goldstein, 2020). 

In Papua, several carbon projects have also sparked 

controversy over land rights and revenue sharing (Filer, 

2011). 

2.12.5. Conflicts between conservation and 

development 

Conflicts between environmental conservation 

and economic development pose a major challenge in 

the management of tropical peatlands. In the Congo 

Basin, local communities rely heavily on these 

ecosystems for agriculture, fishing, hunting and the 

collection of non-timber forest products. According to 

Angelsen and Kaimowitz (1999), Geist and Lambin 

(2002), Dargie et al. (2019) and Sonwa et al. (2022), 

conservation policies are sometimes perceived as 

restrictions that limit the livelihoods of local 

communities, whilst oil, mining, road and agro-

industrial projects exacerbate conflicts over the use of 

peatlands. This tension is also observed elsewhere in the 

world. In Indonesia, the expansion of oil palm 

plantations conflicts with climate and environmental 

objectives (Page et al., 2011; Miettinen et al., 2016).  In 

the Amazon, conflicts are linked to cattle ranching, 

mining and road infrastructure (Fearnside, 2005; 

Nepstad et al., 2014). In Papua, they mainly concern 

mining and forestry concessions, as well as the 

recognition of customary rights (Filer, 2011). Overall, 

the lack of participatory governance and land tenure 

recognition exacerbates these tensions in tropical 

peatland areas. 

2.12.6. Outlook and comparative insights 

A comparison of the peatlands of the Congo 

Basin, the Amazon, Indonesia and Papua highlights key 

lessons for their conservation. The Congo Basin is one 

of the last major tropical peatland complexes that 

remains relatively intact, in contrast to Indonesia, where 

peatlands have been severely degraded by drainage and 

fires. This situation offers the Congo an opportunity for 

preventive conservation before irreversible 

disturbances occur (Dargie et al., 2017; Lewis et al., 

2018; Garcin et al., 2022), highlighting the urgency of 

integrating these ecosystems into development and 

land-use policies. International experience also shows 

that conservation success depends on the participation 

of local communities, the recognition of land rights, and 

the equitable sharing of benefits from REDD+ 

mechanisms and payments for ecosystem services. 

According to Ostrom (1990), Berkes (2012), Reed 

(2008) and Armitage et al. (2009), participatory 

governance improves the acceptability of 

environmental policies. In the Congo Basin, the 

integration of traditional ecological knowledge, 

alongside the strengthening of scientific research, 

climate finance and regional cooperation, appears 

essential to ensure the sustainable protection of 

peatlands in the face of growing pressures. 

3. Conclusion  
This study highlights the major ecological 

importance of peatlands, particularly those in the Congo 

Basin, as exceptional reservoirs of biodiversity and 

essential carbon sinks in the regulation of the global 

climate. Despite their crucial role, these ecosystems 

remain poorly documented and insufficiently integrated 

into conservation and development policies. The 

findings therefore underscore the need to strengthen 

scientific knowledge and better guide sustainable 

management strategies. 

From a scientific perspective, future priorities 

must focus on the implementation of high-resolution 

mapping of peatlands, in order to improve their 

delineation and monitoring. It is also essential to 

develop research in functional ecology to better 

understand the internal functioning of these ecosystems, 

particularly the interactions between soil, vegetation 

and hydrology. The study of carbon fluxes, combined 

with the advanced use of remote sensing, is a key area 

for better quantifying their role in the global carbon 

cycle and anticipating their response to climate change. 

From a political and institutional perspective, 

there is an urgent need to draft specific legislation on 

the protection and sustainable management of 

peatlands, in order to fill the current legal vacuum. 

Governance must also be strengthened through a 
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participatory approach involving local communities, 

researchers and public decision-makers. Furthermore, 

strengthening national capacity in research, 

environmental monitoring and ecosystem management 

is essential to ensure effective and sustainable decision-

making. 

Finally, from an economic perspective, it is 

essential to promote a green economy based on the 

sustainable management of the ecosystem services 

provided by peatlands, particularly carbon 

sequestration and water regulation. The development of 

climate finance mechanisms, such as carbon funds and 

payments for environmental services, could support 

their conservation whilst improving the living 

conditions of local communities. Thus, an integrated 

approach linking science, policy and economics appears 

to be the most effective way to ensure the sustainable 

preservation of peatlands. 
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