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Estimation of the Carbon Stock in the Humid Forest of Banco National Park, Abidjan, Côte d’Ivoire


ABSTRACT
[bookmark: _Hlk212192007]Forests degradation and variation of soil topographic position influence the ability of plants to store carbon. For a better understanding of this change, we conducted an investigation in the humid forest of Banco National Park, where we aimed to determine the amount of carbon stored following the variation of habitats and topographic position. We hypothesized that (i) the biophysical parameters of vegetation and total carbon stock increase from the forest edge to the forest centre, and (ii) the same ones decline along the altitudinal gradient. After data collection in the subplots of 15 m × 15 m established in different habitats and topographic positions, the results showed through the topography without slope an increase of carbon stocks in plant biomass and the drop in litter and soil carbon stock from the forest edge to the forest centre. Conversely, we registered a decline of carbon stock in plant biomass and an increase in litter and soil carbon stocks with altitude. Additionally, tree species richness dropped along the altitudinal gradient. Environmental characteristics impacted the ability of stand forest to store carbon. Overall, total carbon stock increased from the forest edge to the forest centre and decreased with altitude. Considering the total area of Banco National Park, approximately 2,177,830 t C was stored, and 7,985,378 Teq CO2 might be sequestered indicating the key role of this protected forest in greenhouse gas reduction and climate change mitigation. Our findings suggest that the forest edge and forest centre classified as medium-quality habitats need to be restored, probably through an afforestation program. 
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1. INTRODUCTION
Climate change strongly impacts natural ecosystems, and its mitigation represents one of the most crucial environmental challenges of our time (Sundarapandian and Swamy, 1999; Gedefaw et al., 2014; N'Gbala et al., 2017). The world's forests cover approximately 4 billion hectares, representing nearly 30% of the Earth's surface, and their stability proves to be a sustainable solution as they offer significant ecological and environmental benefits (Serra et al., 2021). Indeed, forest ecosystems contribute significantly to atmospheric carbon sequestration through photosynthesis, storing this carbon in plant biomass and soils, and thus contributing to global ecological regulation (Borah et al., 2015; Rossi et al., 2015). Beyond their key role in the carbon cycle, they contribute to biodiversity conservation, soil protection, and regulation of the hydrological cycle (FAO, 2020; Serra et al., 2021). This interdependence between forests and climate reinforces the central role of forests in biodiversity conservation and the provision of ecosystem services (Montcho et al., 2022).
Unfortunately, these natural ecosystems are subject to accelerated degradation and a drastic reduction of their surface area. The annual rate of deforestation reached 13 million hectares worldwide according to a FAO study conducted between 2000 and 2010 (FAO, 2012). These anthropogenic disturbances substantially alter the structure of forest stands, thereby modifying their ecosystem functions (Harrison et al., 2013; Bello et al., 2015; Kurten et al., 2015; Galetti et al., 2021). Since independence, Côte d'Ivoire has lost more than 80% of its forest cover (Koné et al., 2014). Agricultural clearing linked to population pressure and logging are the main causes of deforestation. The loss of forests leads to erosion of biodiversity, changes in soil biological activity, and a decline in their ability to store carbon, which in turn contributes to climate change (Tondoh et al., 2015; Chernov et al., 2021).
Furthermore, awareness of the drastic disappearance of forests and the ecological, environmental, economic, and social risks involved has prompted the Ivorian government to take security and conservation measures through the creation of Parks and reserves of forest (Koné, 2004). Thus, the Banco National Park (BNP) was created in 1953 and covers 3,474 hectares of forest (Sangné et al., 2018; Gnahoré et al., 2021). Located in the city of Abidjan, the BNP plays a crucial ecological role as a reservoir of biodiversity, a carbon sink, and also a water reservoir for the population (Tohé et al., 2008; Akoué et al., 2017; Sangné et al., 2018; Gnahoré et al., 2021). However, the BNP is subject to anthropogenic disturbances, which affect its ecological functions for the well-being of the population (Akoué et al., 2017; Sangné et al., 2018). Reducing emissions from deforestation and forest degradation (REDD+) is increasingly attracting political and scientific attention as an approach to climate change mitigation (N'Gbala et al., 2017). Several policy frameworks, such as the New York Declaration (2014) and the Paris Agreement (2015) have been adopted by the international community, highlighting the crucial role of forests in mitigating climate change (GIEC, 2019). Consequently, the quantitative assessment of forest carbon stocks represents a major scientific challenge in climate mitigation strategies (Gedefaw et al., 2014; Yohannes et al., 2015). 
The impact of environmental factors such as habitat disturbance, logging, sunlight penetration, local defaunation, limit of seed dispersion and soil nutrient mineralization on the trees abundance, species richness and their ability to store carbon was admitted by several researches (Sundarapandian and Swamy, 1999; Harrison et al., 2013; Borah et al., 2015; Bello et al., 2015; Kurten et al., 2015; Rossi et al., 2015; Kouakou et al., 2016; Poorter et al., 2016; Akoué et al., 2017; N'Gbala et al. 2017; Chrétien et al., 2020; Pandey et al., 2020; Galetti et al., 2021). Additionally, conditions that prevail in each stand established along the altitudinal gradient could make difference in soil, litter, trees species and plant biomass, and then in carbon stock as they are linked (Arrouays and Pélissier, 1994; Batjes, 1996; Buytaert et al., 2006; Breshears et al., 2008; Luyssaert et al., 2008; Allen, 2009; López-Medina et al., 2011; Poeplau et al., 2011; Gedefaw et al., 2014; Yohannes et al., 2015; Mensah et al., 2016; Körner et al., 2017; Mouwembe et al., 2017; Pandey et al., 2020). Except for Rossi et al. (2015), few studies have assessed total carbon storage by considering all compartments of the system. The only investigation carried out in the BNP by Tiébré et al. (2015) considered solely the aboveground biomass of trees. In light of the importance of this park for biodiversity conservation and the local climate change mitigation, we conducted research in the humid forest, where we aimed to determine the amount of carbon stored following the variation of habitats and topographic position. We hypothesized that (i) the biophysical parameters of vegetation and total carbon stock increase from the forest edge to the forest centre, and (ii) the same ones decline along the altitudinal gradient.

2. MATERIALS AND METHODS
2.1 Description of the Study Site 
The study was conducted in November-December 2021 at the Banco National Park (5°21’and 5°25’ N; 4°10’ and 4°50’ W), located in Abidjan, south-east of Côte d’Ivoire (Fig. 1). With an area of 3,438 hectares, the relief of the urban forest of Banco National Park is dominated by low plateaus of 50–113 m a.s.l (Sangné et al., 2018; Konaté et al., 2022), even if some altitudinal gradients (up to 313 m a.s.l) are observed in some place. The climate is humid equatorial type with four seasons: a long dry season December–March, a long wet season April–July, a short dry season August–September, and a short wet season October–November. The monthly average temperature is 26°C with August (24°C) and March (27°C) the low and high warmest months, respectively. Total annual rainfall is 1,441 mm, and January (57 mm) and June (266 mm) are the driest and wettest months, respectively. According to the phytogeographic classification of Guillaumet and Adjanohoun (1971), Banco National Park (BNP) is located in the ombrophilous domain and is characterized by a predominance of evergreen rainforests. The vegetation of the BNP consists of four (4) forest classes (Aké-Assi et al., 1974; De Koning, 1983): psammohygrophilous forest with Turraeanthus africanus and Heisteria parvifolia, swamp forest, periodically flooded forest, and riparian forest. The flora is rich in more than 800 species of phanerogams (De Koning, 1983). The forest of Banco National Park is located in a littoral band where ferrallitic soils are very sandy in texture, highly desaturated, and superficially depleted in clay (Roose et al., 1966; Perraud, 1971). These soils contain the deposits sandy, detrital, not fossiliferous with numerous intercalations of clay (Perraud, 1971). Additionally, soils are characterized by a low saturation rate of the absorbent complex (about 10% in topsoil) and by a more acidic humus horizon than the underlying horizons (Roose et al., 1966; Perraud, 1971). 

2.2 Sampling Design
The fieldwork was carried out in habitats established in two topographic conditions (topography without slope and topography with slope). Three habitats (forest edge, mid distance, and forest centre) were identified across the topography without slope with a distance of at least 700 m between nearby habitats. On each habitat, three plots of 900 m2 (30 m × 30 m) were established with at least 400-m interval between two consecutive plots. Thus, a total of nine plots was defined along the topography without slope. Subsequently, three altitudinal gradients (215 m, 255 m and 313 m) were selected with a distance of at least 450 m between nearby altitudinal gradients. The downslope (118–235 m), midslope (176–251m), and upslope (215–313m) were defined as habitats along each altitudinal gradient with at least 50-m interval between two consecutive habitats (Fig. 2). On each habitat, one plot of 900 m2 (30 m × 30 m) was established. Thus, a total of nine plots was defined across the altitudinal gradients. Considering the two topographic positions, a total of 18 plots of 900 m2 (30 m × 30 m) were delimited throughout the study area. Thereafter, a 15 m × 15 m subplot was delimited in the centre of each plot, for a total of 18 subplots for the study area. On each subplot, the above- and belowground biomass, litter, and soil were studied as separate compartments.

2.3 Data Collection
2.3.1 Determination of the Tree Trunks Diameter
In each subplot, the determination of the diameter at breast height was made using a tape measure. Thus, the circumferences of tree trunks were measured using a tape measure at 1.30 m from the ground (Awé et al. 2021). Afterward, the values of the circumference were converted into diameter (dbh) according to the formula: dbh = C/ π, with C = circumference, dbh = diameter at breast height, and π = 3.14. Specifically, the tree trunks with a diameter ≥ to 10 cm were considered.

2.3.2 Litter Samples Collection
The litter was collected in each subplot using a quadrat (50 cm × 50 cm × 10 cm) along one of the two diagonals, considering three sampling points with a distance of at least 10 m between two consecutive sampling points. The litter contained in quadrat was collected manually and stored in a plastic bag. A total of 54 litter samples was collected across the 18 subplots. The litter thickness contained in the quadrat was measured using a graduated bar. Well labelled, the litter samples are brought back to the laboratory and dried in an oven at 65°C for 72 h to constant weight, then reweighed and then ground for the determination of organic carbon by the calcination method.

2.3.3 Soil Samples Collection
The Tropical Soil Biology and Fertility method recommended by Anderson and Ingram (1993) was used to collect soil samples in order to analyze the organic carbon. Composite soil samples were obtained by mixing three adjacent cores taken at 0–20 cm depth. Thus, one composite soil sample was taken at each corner of the plot, either a total of four composite soil samples per plot. Overall, a total of 72 composite soil samples was taken through the 18 sampling stands. In the laboratory, soil composite samples were air-dried for 2 weeks to steady weight and passed through a 2-mm sieve to remove plant parts and other debris. The aliquots of 50 g were used to analyze the organic carbon. Considering the same approach, four soil cores (non-composite samples) were taken per stand, either a total of 72 non-composite soil samples for the 18 sampling stands. The soil bulk density was determined using the non-composite soil samples. 

2.4 Analytical Methods
The litter mass from the quadrat was expressed in g m⁻² and subsequently converted in t ha⁻¹. The litter thickness was measured in cm. Tree density was expressed as the number of trees per subplot and afterward converted into number of trees per hectare. The distribution of woody individuals in diameter class was performed (Awé et al., 2021). Five diameter classes with amplitude equal to 20 cm were defined. All 5 classes were then simplified into large classes: regeneration, future stems, medium, large trees and very large trees. The species of trees were identified in the field and by plot with the contribution of YAO Ba, technician and colleague of the late Professor AKE-Assi. Some undetermined tree species in the field were thereafter identified by the National Floristic Centre (NFC) through the establishment of a herbarium. The structure of plant communities was studied using the method proposed by Julliard et al. (2006). Thus, the tree species specialization index (SSI) was used to distinguish specialist, generalist, and intermediate tree species at the landscape level by using the following formula:
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where h is the number of plots where the tree species was observed, and H is the total number of plots. If the tree species was observed over all plots, then SSI = 0, and if the tree species was observed on the 50% plots, then SSI = 1. A tree species with a large ecological niche was perceived as generalist, whereas one with a small ecological niche was regarded as specialist. The community specialization index (CSI) was estimated as the mean of SSI.
[bookmark: _Hlk140845157][bookmark: _Hlk140845200][bookmark: _Hlk140845215]Organic carbon analysis was made using the Walkley and Black (1934) method, that is, a wet oxidation of organic carbon in an acid dichromate solution, followed by back-titration of the remaining dichromate with ferrous ammonium sulfate. The method of « loss on ignition » was used to measure the organic carbon content in litter (Gallardo et al., 1987). The allometric equation developed by Brown et al. (1989) was used to determine the aboveground biomass of forest trees.
AGB = 38.4908 – 11.7883 × dbh + 1.1926 × dbh²
[bookmark: _Hlk138455461]with AGB: aboveground biomass of forest trees, expressed in kg; dbh: diameter at breast height, expressed in cm. 
The belowground biomass of forest trees was estimated using the regression equation developed by Saatchi et al. (2011).
BGB = 0.489 × AGB0.89	
[bookmark: _Hlk138455486]with BGB: belowground biomass of forest trees, expressed in kg 
The tree biomass was estimated for each subplot and thereafter converted in t ha–1. 
[bookmark: _Hlk140845239]Carbon stock (Awé et al., 2019, 2020) in the above- and belowground biomass was determined using the formula below: 
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Biomass



where C stock is expressed in t C ha–1; biomass is expressed in t ha–1   
For the estimation of the carbon stock in the litter, the formula proposed by Pearson et al. (2005) and applied by Chinasho et al. (2015) was used:
Litter mass
 
Litter C stock 
[C] litter ×



Where the Litter C stock is expressed in t C ha–1; [C] fraction or concentration of carbon in litter determined in laboratory and expressed in kg C t–1 litter; Litter mass is expressed in t ha–1
Soil carbon stock was determined using the formula recommended by Razakamanarivo et al. (2010).
 
Soil C stock 
C × BD × (1– CF) × E



where Soil C stock is expressed in t C ha–1; C organic carbon expressed in g C kg–1 soil; BD bulk density expressed in g cm–3; CF coarse fraction; E soil depth in dm.
The total carbon stock (Pearson et al., 2005; Chinasho et al., 2015; Awé et al., 2020) was calculated by summing the carbon stock densities of the individual carbon pools or compartments using the formula below: 
 
   Total C stock
St CAGB + St CBGB + St CLitter + St CSoil         



with Total C stock expressed in t C ha–1; St CAGB carbon stock in AGB and expressed in t C ha–1; St CBGB carbon stock in BGB and expressed in t C ha–1; St CLitter carbon stock in litter and expressed in t C ha–1; St CSoil carbon stock in soil and expressed in t C ha–1
The effect of topography and habitats on soil carbon stocks and plant biophysical parameters was studied using a factorial analysis. Subsequently, the correlation between altitude, slope, and plant biophysical parameters was analyzed. 
[bookmark: _Hlk140845285]Carbon sequestration potential of different pools (AGB, BGB, Litter and Soil) was estimated using the formula proposed by Pearson et al. (2007) and applied by Bazezew et al. (2015).
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C Seq
C stock ×

44


with C Seq carbon sequestration by net CO2 absorption and expressed in Teq CO2 ha–1; C stock carbon stock and expressed in t ha–1; 44/12 molecular weight ratio of CO2 to O2.
The total carbon dioxide sequestration by each habitat was determined by summing the carbon sequestered by the four studied compartments (AGB, BGB, Litter and Soil). Total carbon storage by soil-vegetation association in the humid forest of Banco National Park (BNP) was calculated by multiplying the median carbon stock value by the total area of BNP (Grinand et al., 2009). The same method was used to estimate the total amount of carbon dioxide sequestered by the soil-vegetation association.
The habitat quality was assessed by inductive additive approach based on normalization summation, and average of selected habitat quality indicator properties into a single integrator was used to calculate the habitat quality index (HQI) of each habitat selected in the forest of Banco (Shahi et al., 2021).
 
	
Where X is the value of any particular habitat property, X max is highest value of that particular habitat property, and N is the total number of habitat properties used in the calculation. The habitat quality index (HQI) ranges from 0 to 1.

2.5 Statistical Analyses
Data were if necessary normalized using the formula ln(x+1), after verification of the homogeneity (Bartlett test). A one-way analysis of variance (ANOVA) followed by the Tukey’s HSD test was used to compare all the studied parameters through each topography position. A Spearman correlation was used to analysis the relationships between altitude, slope, and the plant biophysical parameters. These tests were realized using R software version 3.1.3. Sørensen dissimilarity index expressed in percentages (Chao et al., 2005) was used to assess plant species composition between habitats. The signiﬁcance of the eﬀects of topography and habitat on the soil properties and plant biophysical parameters was tested using a Generalized Linear Mixed eﬀects Models (GLMM) with the software Statistica 7.1 (StatSoft Inc., Tulsa, USA). Unweighted Pair-Group Method using Arithmetic averages (UPGMA) was used as the clustering method (ADE4 software). 

3. RESULTS
3.1 Plant Characteristics in the Different Habitats
Unlike litter mass (F = 1.92; p = 0.1690), the litter thickness (F = 3.75; p = 0.0380) determined along the altitudinal gradients varied significantly from one habitat to another. The litter thickness and litter mass were higher, respectively at the midslope (9.11 ± 2.50 cm; 18.84 ± 4.34 t ha-1) and on the upslope (7.56 ± 2.09 cm; 14.84 ± 2.57 t ha-1) by comparison to the downslope (Table 1). On the topography without slope, mean values of litter thickness (F = 0.96; p = 0.3960) and litter mass (F = 1.70; p = 0.2040) did not differ significantly across the studied habitats. The litter thickness was slightly higher in the forest edge (10.36 ± 3.19 cm), and litter mass maximum greater in the forest edge (18.4 ± 5.00 t ha-1) and forest centre (14.7 ± 5.03 t ha-1). Whatever the topographic position (topography with slope: F = 3.59, p = 0.0942; topography without slope: F = 4.50; p = 0.0640), the trees density did not vary significantly through the investigated habitats, but showed a reverse trend. Indeed, the mean density of trees declined through the altitudinal gradient (downslope: 992 ± 97 trees ha-1; upslope: 696 ± 29 trees ha-1), and increased from the forest edge (548 ± 145 trees ha-1) to the forest centre (1303 ± 276 trees ha-1). Considering the two topographic positions (topography with slope: F = 1.32; p = 0.3330; topography without slope: F = 0.01; p = 0.9830), the species richness of trees did not differ statistically between the studied habitats. The mean species richness of trees decreased with the altitude (downslope: 27.33 ± 3.17 species; midslope: 24.33 ± 2.72 species; upslope: 21.33 ± 1.66 species) and remained relatively similar on the topography without slope, as not exceeding 22–24 species. 

3.2 Distribution by Diameter Class
Whatever the topographic condition and the studied habitats, the analysis of the diameter classes indicated that the distributions had a bell shape and fit better to a polynomial function of degree three (Fig. 3). These six distributions showed a determination coefficient (R²) ranging from 0.79 to 0.99. The different distributions were asymmetric positive with a predominance of young or small-diameter individuals, centered on the classes ] 10–20 cm ] and] 20–40 cm]. We observed a significant difference (F = 19.08; p = 0.0001) in the diameter class through the different habitats. Indeed, in all six habitats, most populations are composed of individuals ranging from 10 to 20 cm (41%) and 20 to 40 cm (44%) in diameter. The classes 40 to 60 cm and 60 to 80 cm represented 9% and 4% of the population, respectively, while individuals larger than 80 cm in diameter are poorly represented (2%).

3.3 Structure of Plant Species Communities
[bookmark: _Hlk210400324][bookmark: _Hlk210400343][bookmark: _Hlk210400368][bookmark: _Hlk210400398]A total of 71 tree species belonging to 38 families were collected through the six studied habitats. On the topography without slope, respectively, 37 tree and plant species were recorded in the forest edge, mid distance and in the forest centre. Regarding the altitudinal gradient (topography with slope), 42, 40 and 37 tree and plant species were registered, respectively in the downslope, midslope and on the upslope. In other words, the number of species decreased with altitude. The study of tree species specialization (i.e. SSI) showed three groups: (i) the generalist species, considered redundant along the study zone (16 species; 23% of the total number of species); (ii) the specialist species, rarer (32 species; 45% of the total number of species); and (iii) the intermediate species, reﬂecting more or less the characteristics of the ﬁrst two groups (23 species; 32% of the total number of species). The community specialization index (CSI) of plants was dominated by the specialist species (Table S1). Among the four dominant species (D) listed throughout the study area, three species had a generalizing distribution (Cola heterophylla D: 22.15%, SSI: 0.00; Microdesmis puberula D: 16.27%, SSI: 0.00; and Strombosia pustulata D: 12.67%, SSI: 0.00), and a single species showing an intermediate distribution (Xylopia acutiflora D: 10.59%, SSI: 1.00).
The dendrogram analysis indicated three groups of the tree species (Fig. 4). The first group included the tree species established at the downslope. The second (intermediate) group contained the tree species observed at the midslope whereas the third group characterized the tree species recorded across the topography without slope and on the upslope with a Sørensen dissimilarity of 30–51%. The second group differed from the first group by 29% and the third group by 24–38% in tree species composition. The lower distances estimated between the different habitats highlighted a strong similarity in species composition of plant communities.

3.4 Plant Biomass 
[bookmark: _Hlk209109927]Whatever the topographic position, mean values of above- and belowground biomass did not change significantly (p > 0.0500) between the different habitats (Table 2). However, the plant biomass declined with altitude, particularly, from the downslope (AGB: 1006.93 ± 216.15 t ha-1; BGB: 229 ± 44.18 t ha-1) to the upslope (AGB: 542.75 ± 130.91 t ha-1; BGB: 131.98 ± 28.62 t ha-1) and increased from the forest edge (AGB: 668.93 ± 360.80 t ha-1; BGB: 154.72 ± 77.54 t ha-1) to the forest centre (AGB: 1419.99 ± 445.97 t ha-1; BGB: 309.69 ± 86.27 t ha-1) through the topography without slope. 

3.5 Organic Carbon in Litter and Soil 
Considering the altitudinal gradient, the litter (F = 0.97; p = 0.4290) and soil (F = 1.97; p = 0.1550) carbon contents did not differ significantly through the different habitats, but increased slightly with altitude (downslope: 450 ± 29 kg C t-1 litter, 13.36 ± 1.18 g C kg-1 soil; upslope: 481 ± 17.58 kg C t-1 litter, 17.02 ± 1.46 g C kg-1 soil). Unlike the altitudinal gradients (Fig. 5), litter (F = 10.94; p = 0.0090) and soil (F = 6.61; p = 0.0038) carbon contents differed significantly through the different habitats located on the topography without slope, with a higher amount at the forest edge (533.08 ± 1.12 kg C t-1 litter; 14.32 ± 1.68 g C kg-1 soil).

3.6 Carbon Stock 
Except for litter, the mean values of carbon stocks in above- (downslope: 503.43 ± 108.07 t C ha-1; upslope: 271.37 ± 65.45 t C ha-1) and belowground biomass (downslope: 114.52 ± 22.09 t C ha-1; upslope: 65.99 ± 14.31 t C ha-1) decreased whereas those from soil (downslope: 34.49 ± 2.65 t C ha-1; upslope: 42.19 ± 3.66 t C ha-1) increased with altitude (Table 3). Carbon stocks in above- (forest edge: 334.46 ± 180.40 t C ha-1; forest centre: 709.99 ± 222.98 t C ha-1) and belowground biomass (forest edge: 77.36 ± 38.77 t C ha-1; forest centre: 150.13 ± 14.03 t C ha-1) increased whilst those of soil (forest edge: 35.04 ± 3.08 t C ha-1; forest centre: 23.91 ± 1.71 t C ha-1) dropped from the forest edge to the forest centre through the topography without slope. Only, soil carbon stocks reported through the topography without slope differed significantly (F = 3.51, p > 0.0500) between the different habitats. The litter carbon stocks were higher in the forest edge, midslope and on the upslope. The total carbon stock per soil-vegetation association increased from the forest edge to the forest centre and declined with altitude.

3.7 Vertical Distribution of Carbon Stock
[bookmark: _Hlk209164587][bookmark: _Hlk209103404]The vertical distribution of carbon stock was assessed in three compartments such as plant biomass, litter and the soil. Whatever the topographic position and habitats, plant biomass (77.33–93.27%) was the compartment that stock highest carbon in the BNP with 88.76% in the downslope and 93.27% in the forest centre (Fig. 6). With regard to soil compartment, the upslope (19.34%) registered the high carbon stock along the altitudinal gradient whilst the forest edge (13.97%) presented the greater one on the topography without slope. From one habitat to another, the litter carbon stocks were lower. By using the median of total carbon stock (627 t C ha-1) and total area of the BNP (3,474 hectares), the total carbon storage by the Banco National Park was estimated at 2,177,830 t C.
 
3.8 Effect of Environmental Factors on the Studied Parameters 
The topography impacted significantly (p < 0.0100) soil carbon stock, but did not affect the biophysical parameters (Table 4). Habitats influenced significantly the trees density (p < 0.0500) and soil carbon stock (p < 0.0100). Overall studied parameters were statistically affected (p < 0.0010) by the topography × habitat interaction. The Spearman correlation indicated that only the slope was significantly correlated (p < 0.0010) to the tree’s density (Table 5). The density and species richness of trees, as well as plant biomass were negatively correlated with altitude and slope. However, the reverse trend was registered with the thickness and mass of the litter, which were positively correlated with altitude and slope.
 
3.9 Carbon Dioxide Sequestration 
Apart from litter, the mean values of carbon dioxide sequestered in above- (downslope: 1846.04 ± 396.28 Teq CO2 ha-1; upslope: 995.04 ± 240.01 Teq CO2 ha-1) and belowground biomass (downslope: 419.92 ± 81.00 Teq CO2 ha-1; upslope: 241.97 ± 52.48 Teq CO2 ha-1) decreased whereas those from soil (downslope: 126.5 ± 9.74 Teq CO2 ha-1; upslope: 154.7 ± 13.43 Teq CO2 ha-1) increased with altitude (Table 6). Carbon dioxide sequestered in above- (forest edge: 1226.38 ± 661.48 Teq CO2 ha-1; forest centre: 2603.33 ± 817.61 Teq CO2 ha-1) and belowground biomass (forest edge: 283.66 ± 142.16 Teq CO2 ha-1; forest centre: 567.76 ± 158.17 Teq CO2 ha-1) increased whilst those of soil (forest edge: 128.5 ± 13.87 Teq CO2 ha-1; forest centre: 87.68 ± 6.48 Teq CO2 ha-1) dropped from the forest edge to the forest centre through the topography without slope. Only, soil carbon dioxide sequestered across the topography without slope varied significantly (F = 3.51, p > 0.0500) between the different habitats. The litter carbon dioxide sequestered were higher in the forest edge, midslope and on the upslope. The total carbon sequestration per soil-vegetation association increased from the forest edge to the forest centre and declined with altitude. Considering the median of total carbon dioxide sequestered (2,299 Teq CO2 ha-1) and total area of the BNP (3,474 hectares), the total sequestration of carbon dioxide by the Banco National Park was estimated at 7,985,378 Teq CO2.

3.10 Assessing the Quality of Different Habitats
The habitat quality index generated (HQI) by the soil and Plant biophysical parameters at the mid distance (0.79) of forest showed a high quality of this habitat compared to the forest edge (0.53) and forest centre (0.60) through the topography without slope. Habitat quality index measured in the downslope (0.75) and midslope (0.77) were higher compared to those reported on the upslope (0.70), which reflects the improved quality of these habitats along the altitudinal gradient. Respectively, the forest edge (0.53) and forest centre (0.60) pointed out an intermediate value of HQI, indicating an intermediate quality of these habitats. In other words, the forest edge and forest centre were classified as medium-quality habitats, upslope as moderate-quality habitat, whereas the downslope, midslope and the mid distance of the forest as high-quality habitats.
  
4. DISCUSSION
4.1 Change in Carbon Stock Following the Topographic Position
[bookmark: _Hlk210991669][bookmark: _Hlk210988500][bookmark: _Hlk210988400][bookmark: _Hlk212026695]Several researches highlight a change in carbon stocks following variations in topography (Gedefaw et al., 2014; Borah et al., 2015; Rossi et al., 2015; Yohannes et al., 2015; Kouakou et al., 2016; Poorter et al., 2016; Akoué et al., 2017; N'Gbala et al., 2017; Pandey et al 2020). Indeed, on topography without slope, the increase of carbon stocks in above- and belowground biomass from the forest edge to the forest centre could be explained by a high density of large trees and a predominance of species with a large DBH in the forest centre (Borah et al., 2015; Rossi et al., 2015; Poorter et al., 2016). The decline of carbon stock in plant biomass located in the forest edge would be due to human interference, such as illegal logging and tree bark stripping (Kouakou et al., 2016; Akoué et al., 2017; Pandey et al., 2020). As evidenced by the investigations of Komolafe et al. (2020) in south western Nigeria, relatively stable habitats subject to reforestation programs (forest centre) have a higher amount of biomass compared to sites subject to human interference and disturbance (forest edge). Additionally, Bello et al. (2015) demonstrated during their work in tropical forests that the low carbon storage by plant biomass at the forest edge could be due to the defaunation of large seed dispersers, which impacts seed regeneration. In fact, 89% of woody plants depend on animals for their dispersion (Galetti et al., 2021). The drop in litter carbon stock from the forest edge to the forest centre may be explained by the fact that the forest edge benefits from higher sunlight penetration, causing water stress, which promotes significant litterfall on the soil. Indeed, the work carried out by Sundarapandian and Swamy (1999) in south India demonstrated that water stress promotes the synthesis of abscisic acid in foliage, which in turn induces senescence in leaves and other organs. The same trend registered with the soil carbon stock corroborates the observations made by N'Gbala et al. (2017) in Côte d’Ivoire and which indicates that the forest disturbance increased the carbon stock, mainly due to the accumulation of litter on the soil. In addition, the higher microbial and fungal biodiversity at the forest edge stimulates decomposition processes that stabilize soil carbon in the long-term (Chrétien et al., 2020).
[bookmark: _Hlk212027494][bookmark: _Hlk212027515][bookmark: _Hlk212027573][bookmark: _Hlk212027611][bookmark: _Hlk212027795][bookmark: _Hlk212027856]Considering the topography with slope, the decrease of carbon stock in above- and belowground biomass with altitude may be due to the fact that the downslope accumulates more water and nutrients due to the flow and retention of water and mineral resources, which allows trees on the downslope to develop greater plant biomass, thus promoting higher plant productivity (Buytaert et al., 2006; López-Medina et al., 2011). The findings of the research made by Yohannes et al. (2015) in Ethiopia are inconsistent with our results, as their data highlighted a high above- (324.05 ± 36.68 t C ha-1) and belowground (64.81 ± 7.33 t C ha-1) biomass at the midslope and this may be explained by greater diversity and density of productive trees. Indeed, carbon content is directly linked to biomass, meaning that the greater the biomass, the higher the carbon content (Gedefaw et al., 2014). The high litter carbon stock measured at the midslope may be associated with the intermediate microclimatic conditions at this position on the slope, which are neither too wet nor too dry, promoting better biomass production and a favorable balance between accumulation and decomposition (Luyssaert et al., 2008). This trend was consistent with the findings of Gedefaw et al. (2014) which noted a maximum litter carbon stock at the midslope (1.09 t C ha-1) during their investigation in Ethiopia. The reverse trend was detected by Yohannes et al. (2015) who reported in Ethiopia a decline in litter carbon stock with the altitude with values ranging from 0.55 ± 0.01 t C ha-1 to 0.35 ± 0.04 t C ha-1. According to authors, this change could be mainly associated with stand properties such as species type and canopy cover at the downslope. The increase in soil carbon stocks with altitude is linked to soil type (deeper and richer in organic matter), moisture, and good aeration at higher altitudes (Arrouays and Pélissier,1994; Batjes, 1996; Poeplau et al., 2011). Ours results are in line with those from Gedefaw et al. (2014) who observed an increase of the soil carbon stock through the altitudinal gradient with values ranging from 223.86 t C ha-1 (downslope) to 345.26 t C ha-1 (upslope). However, the findings showed by Yohannes et al. (2015) are inconsistent with our trend as the authors reported a decline in the soil carbon stock across the altitudinal gradient (downslope: 185 ± 13.6 t C ha-1; upslope: 182 ± 08.72 t C ha-1), and which was due to dense vegetation cover, litter accumulation, and species diversity at lower altitudes. Similarly, Pandey et al. (2020) recorded in Nepal a decrease in the soil carbon stock along the altitudinal gradient with values varying between 185.6 t C ha-1 (downslope) and 160.8 t C ha-1 (upslope).

4.2 Species Richness and Structure of Trees 
[bookmark: _Hlk212028959]Species richness of trees (22–24 species) was relatively similar from the forest edge to the forest centre. The presence of small trees with lower diameters in these habitats indicates recent natural regeneration or a progressive succession. Anthropogenic pressure is often more intense at the forest edge and in the forest center, where firewood collection and urbanization lead to a drastic decline in tree density and diversity (Kouakou et al., 2016; Akoué et al., 2017). Indeed, the silvicultural tests carried out in the forest centre during the Banco's afforestation program (De Koning, 1983) were completely deforested during the politico-military crisis that Côte d'Ivoire experienced during the period 2010–2011. Local defaunation resulting from hunting and disturbance of animal populations also limits seed dispersal, accentuating the decline in plant regeneration at the forest edge (Bello et al., 2015; Harrison et al., 2013; Kurten et al., 2015). These human interferences hamper forest dynamics, leading to structural and functional simplification of forest stands.
[bookmark: _Hlk212029138][bookmark: _Hlk212029168]Considering the topography with slope, tree species richness dropped with the altitude. This distribution reflects the presence of diversified trees with large diameters, indicating a favorable habitat at the downslope, where the environment benefits from greater water availability, a continuous supply of nutrients via runoff, and more efficient litter decomposition, thus promoting denser and diversified communities (Allen, 2009; Mensah et al., 2016). Conversely, habitats located on the upslopes are subject to significant abiotic constraints (water stress, high temperatures, increased erosion) that limit the growth and survival of large trees, leading to a decrease in density and a selection of more resistant species (Breshears et al., 2008; Körner et al., 2017). This reduction in diversity at higher altitudes is consistent with observations reported in various tropical mountain ecosystems (Körner, 2007). The different distributions of diameter class were asymmetric positive with a predominance of young or small-diameter individuals, centered on the classes]10–20 cm] and] 20–40 cm], indicating a progressive dynamic with substantial regeneration of individuals corresponding exactly to these stages of development (Imani et al., 2016). At the landscape level, specialist tree species are the most preponderant, indicating that the environment offers relatively stable and differentiated conditions, thus promoting functional diversity which supports resilience against disturbance (Keddy, 1992; Montcho et al., 2022). The forest edge and forest centre classified as medium-quality habitats need to be rehabilitated or restored.
 
 4.3 Impact of Environmental Factors
[bookmark: _Hlk212029739]During our investigation, we noticed that tree species richness and plant biomass were impacted negatively by the altitude and slope, and this could be explained by extreme environmental conditions (lower temperatures, stronger winds, shallower soils and subject to erosion and nutrient loss) that limit tree growth and reduce diversity, favoring the specialized and less numerous species (Yohannes et al., 2015). These results are inconsistent with the findings from Pandey et al. (2020) who reported a positive correlation between the same one and could be due to difficult access to the upslopes and high altitudes, which reduces disturbances such as biomass removal. The significant impact of topography on soil carbon stocks has also been recorded by Mouwembe et al. (2017) which suggests that the spatial variability of soil organic carbon stocks is strongly linked to the effects of erosion, water retention, and soil depth, which controls the amount of carbon that can be stored. The significant influence of habitat on tree density and soil carbon stocks could be explained by plant structure, regeneration, and species composition, which affect tree density and, in turn, impact the inputs of organic matter to soil (Royo et al., 2014). According to authors, the abundance and diversity of trees control carbon sequestration through litter and roots.

5. CONCLUSION
The investigation conducted in the humid forest of the Banco National Park highlighted respectively, through the topography without slope an increase of carbon stocks in plant biomass and the drop in litter and soil carbon stock from the forest edge to the forest centre. Considering the topography with slope, decline of carbon stock in plant biomass and the increase in litter and soil carbon stocks with altitude were registered. Additionally, tree species richness dropped along the altitudinal gradient. Environmental characteristics influence the ability of stand forest to store carbon. Thus, the forest edge and forest centre classified as medium-quality habitats need to be restored, probably through an afforestation program. Based on the total area of Banco National Park, approximately 2,177,830 t C was stored, and 7,985,378 Teq CO2 might be sequestered indicating the key role of this protected forest in greenhouse gas reduction and climate change mitigation. 
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Fig. 1. Map of the Banco National Park and details of the selected habitats in the humid forest
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Fig. 2. Sampling design adopted in the humid forest of the Banco National Park.
FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope
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Fig. 3. Distribution by diameter class according to the frequency of trees’ feet.
A forest edge, B mid distance, C forest centre, D downslope, E midslope, F upslope
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Fig. 4. Dendrogram showing hierarchical classiﬁcation of habitats based on the tree species composition using UPGMA method (Unweighted Pair Group Method using Arithmetic averages). 
FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope.
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Fig. 5. Organic carbon determined in soil and litter throughout the different habitats in the Banco National Park.
 (A, C) topography without slope; (B, D) topography with slope; (A, B) litter matrix; (C, D) soil matrix, One-way ANOVA test. Histograms with different lowercase letters indicate significant variations between the habitats at the 0.05 level (Tukey’s HSD test)
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Fig. 6. Vertical distribution of carbon stock by compartments through the different habitats in the Banco National Park.
(A) topography with slope; (B) topography without slope 




















Table 1. Environmental characteristics of the studied habitats
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Topo. P.
	Topography without slope
	
	Topography with slope
	

	Habitats
	FE
	MD
	FC
	P value
	DS
	MS
	US
	P value

	Litter thickness1
	10.36
	±
	3.19a
	5.86
	±
	1.93a
	7.06
	±
	1.73a
	0.3960
	3.78
	±
	0.61a
	9.11
	±
	2.50b
	7.56
	±
	2.08ab
	0.0380

	Litter mass2
	18.40
	±
	5.00a
	8.93
	±
	1.14a
	14.73
	±
	5.03a
	0.2040
	10.33
	±
	1.66a
	18.84
	±
	4.34a
	14.84
	±
	2.57a
	0.1690

	Trees density3
	548
	±
	145a
	725
	±
	78a
	1303
	±
	276a
	0.0640
	992
	±
	97a
	888
	±
	92a
	696
	±
	29a
	0.0942

	Trees species4
	22.33
	±
	2.18a
	22.66
	±
	0.88a
	23.00
	±
	3.78a
	0.9830
	27.33
	±
	3.17a
	24.33
	±
	2.72a
	21.33
	±
	1.66a
	0.3330

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


1 cm, 2 t ha–1, 3 trees ha–1, 4 number of species per habitat, FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope, Topo. P. topographic position. One-way ANOVA test, P ˃ 0.05






















Table 2. Above- and below ground biomass (mean ± standard error) determined in the different habitats
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	Biophysical parameters

	Topographic position
	Habitats
	AGB (t ha–1)
	BGB (t ha–1)

	Topography without slope
	FE
	668.93
	±
	360.80a
	154.72
	±
	77.54a

	
	MD
	1359.44
	±
	141.81a
	300.27
	±
	28.06a

	
	FC
	1419.99
	±
	445.97a
	309.69
	±
	86.27a

	
	P value
	0.2970
	0.2970

	Topography with slope
	DS
	1006.93
	±
	216.15a
	229.05
	±
	44.18a

	
	MS
	900.59
	±
	61.35a
	208.27
	±
	12.61a

	
	US
	542.75
	±
	130.91a
	131.98
	±
	28.62a

	
	P value
	0.1480
	0.1480

	
	
	
	
	
	
	
	


FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope, One-way ANOVA test, P ˃ 0.05

















Table 3. Carbon stock (mean ± standard error) measured in the different compartments of each habitat
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Topo. P.
	Topography without slope
	
	Topography with slope
	

	Habitats
	FE
	MD
	FC
	P value
	DS
	MS
	US
	P value

	Litter C stock1
	9.79
	±
	3.56a
	4.10
	±
	0.59a
	7.25
	±
	3.34a
	0.4200 
	4.61
	±
	0.43a
	9.14
	±
	2.43a
	7.24
	±
	1.82a
	0.2680 

	AGB C stock1
	334.50
	±
	180.40a
	679.70
	±
	70.90a
	710.00
	±
	222.98a
	0.2970 
	503.50
	±
	108.07a
	450.30
	±
	30.67a
	271.40
	±
	65.45a
	0.1330

	BGB C stock1
	77.36
	±
	38.77a
	150.10
	±
	14.03a
	154.80
	±
	43.13a
	0.2290 
	114.50
	±
	22.09a
	104.10
	±
	6.30a
	65.99
	±
	14.31a
	0.1320

	Soil C stock1
	35.04
	±
	3.78b
	30.84
	±
	3.08ab
	23.91
	±
	1.76a
	0.0414*
	34.49
	±
	2.65a
	39.22
	±
	3.76a
	42.19
	±
	3.66a
	0.2840

	Total C stock1
	456.70
	±
	226.28a
	864.80
	±
	78.96a
	896.00
	±
	269.37a
	0.2521
	657.10
	±
	130.57a
	602.80
	±
	35.74a
	386.80
	±
	79.65a
	0.1133

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


 1 t C ha–1, FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope, Topo. P. topographic position. One-way ANOVA test
* P < 0.05; different superscript lowercase letters within rows indicate significant variations between the habitats (Tukey’s HSD test)




















Table 4. Anova table of general linear mixed model effects on soil and plant characteristics across the topography and habitat. F-values and the corresponding p-values are displayed.
	
	
	
	
	
	
	
	
	

	Factors
	Topo.
	 
	Hab.
	 
	Top. × Hab.

	df
	1
	 
	5
	 
	5

	Environmental parameters
	F
	P
	 
	F
	P
	 
	F
	P

	Trees density
	0.01
	0.9999
	
	3.48
	0.0164*
	
	46.74
	0.0001***

	Trees species
	0.62
	0.4381
	
	0.66
	0.6514
	
	99.39
	0.0001***

	Litter mass
	0.03
	0.8614
	
	0.8
	0.557
	
	12.86
	0.0001***

	AGB
	2.39
	0.1351
	
	1.82
	0.1467
	
	18.03
	0.0001***

	BGB
	2.22
	0.1490
	
	1.86
	0.1383
	
	22.14
	0.0001***

	Litter C stock
	0.01
	0.9795
	
	0.95
	0.4671
	
	11.51
	0.0001***

	AGB C stock
	2.39
	0.1351
	
	1.82
	0.1467
	
	18.03
	0.0001***

	BGB C stock
	2.22
	0.1490
	
	1.86
	0.1383
	
	22.14
	0.0001***

	Soil C stock
	11.05
	0.0011**
	
	4.02
	0.0019**
	
	139.02
	0.0001***

	 
	 
	 
	 
	 
	 
	 
	 
	 


Topo. topography, Hab. habitat, * P < 0.05, ** P < 0.01, *** P < 0.001


















Table 5. Spearman correlation performed between altitude, slope and the plant biophysical parameters
	 
	 
	 
	 
	 

	
	Altitude
	Slope

	 
	R
	P
	R
	P

	Trees density
	–0.18
	0.6353
	–0.89
	0.0010***

	Trees species
	–0.12
	0.7476
	–0.49
	0.1767

	Litter mass
	0.41
	0.2645
	0.26
	0.4879

	Litter thickness
	0.52
	0.1503
	0.58
	0.0956

	AGB
	–0.38
	0.3084
	–0.60
	0.0876

	BGB
	–0.38
	0.3084
	–0.60
	0.0876

	 
	 
	 
	 
	 


*** P < 0.001






















Table 6. Carbon dioxide (mean ± standard error) sequestered by the different compartments of each habitat in the Banco National Park

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Topo. P.
	Topography without slope
	
	Topography with slope
	

	Habitats
	FE
	MD
	FC
	P value
	DS
	MS
	US
	P value

	Litter CO2 Seq1
	35.91
	±
	13.07a
	15.04
	±
	2.18a
	26.60
	±
	12.24a
	0.4200
	16.90
	±
	1.59a
	33.54
	±
	8.91a
	26.55
	±
	6.68a
	0.9700

	AGB CO2 Seq1
	1226.38
	±
	661.48a
	2492.31
	±
	259.99a
	2603.33
	±
	817.61a
	0.2310
	1846.04
	±
	396.28a
	1651.09
	±
	112.47a
	995.04
	±
	240.01a
	0.1480

	BGB CO2 Seq1
	283.66
	±
	142.16a
	550.50
	±
	51.44a
	567.76
	±
	158.17a
	0.2790
	419.92
	±
	81.00a
	381.84
	±
	23.13a
	241.97
	±
	52.48a
	0.1330

	Soil CO2 Seq1
	128.50
	±
	13.87b
	113.10
	±
	11.32ab
	87.68
	±
	6.48a
	0.0414*
	126.50
	±
	9.74a
	143.80
	±
	13.82a
	154.70
	±
	13.43a
	0.2840

	Total CO2 Seq1
	1674
	±
	831a
	3171
	±
	325a
	3285
	±
	995a
	0.2521
	2409
	±
	489a
	2210
	±
	158a
	1418
	±
	313a
	0.1133

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


1 Teq CO2 ha–1, FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope, Topo. P. topographic position. One-way ANOVA test
* P < 0.05; different superscript lowercase letters within rows indicate significant variations between the habitats (Tukey’s HSD test)









Table S1. Abundance of the tree species registered in the different habitats of the Banco National Park.
	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	Habitats
	 
	Landscape

	Genera and species
	Family
	FE
	MD
	FC
	DS
	MS
	US
	 
	Total
	D (%)
	SSI
	Distribution

	Aframomun chrysantum John Michael Lock
	Zingiberaceae
	0
	0
	0
	15
	0
	0
	
	15
	0.52
	4.12
	Specialist

	Alchornea cordifolia (Schumach.) Müll.Arg.
	Euphorbiaceae
	6
	0
	0
	0
	0
	0
	
	6
	0.21
	4.12
	Specialist

	Allanblackia floribunda Oliv. 
	Clusiaceae
	0
	0
	3
	3
	15
	2
	
	23
	0.80
	1.25
	Intermediate

	Alstonia boonei De Wild.
	Apocynaceae
	1
	0
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Amphimas pterocarpoïdes Harms
	Fabaceae
	5
	3
	1
	0
	0
	1
	
	10
	0.35
	1.41
	Intermediate

	Annickia polycarpa (DC.) Setten & Maas ex I.M. Turner
	Annonaceae
	0
	5
	0
	0
	6
	5
	
	16
	0.55
	1.41
	Intermediate

	Anopyxis klaineana (Pierre) Engl.
	Rhizophoraceae
	0
	0
	0
	0
	0
	1
	
	1
	0.03
	4.12
	Specialist

	Anthocleista nobilis G.Don
	Gentianaceae
	0
	0
	0
	1
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Anthonotha fragrans (Baker f.) Exell & Hillc.
	Fabaceae
	0
	1
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Antiaris toxicaria var. africana Scott-Elliot ex A. Chev.
	Moraceae
	3
	1
	2
	2
	1
	1
	
	10
	0.35
	1.00
	Intermediate

	Baphia bancoensis Aubrév.
	Papilionoideae
	0
	6
	8
	3
	0
	0
	
	17
	0.59
	1.25
	Intermediate

	Baphia pubescens Hook.f.
	Fabaceae
	21
	15
	1
	17
	26
	11
	
	91
	3.15
	0.45
	Generalist

	Beilschmiedia mannii (Meisn.) Benth. & Hook.f. ex B.D.Jacks.
	Lauraceae
	1
	1
	0
	2
	2
	0
	
	6
	0.21
	1.87
	Intermediate

	Berlinia confusa Hoyle
	Fabaceae
	0
	1
	2
	0
	2
	2
	
	7
	0.24
	1.61
	Intermediate

	Bligia unijugata Baker
	Sapindaceae
	9
	5
	10
	11
	7
	7
	
	49
	1.70
	0.45
	Generalist

	Buchholzia coriacea Engl.
	Capparidaceae
	0
	1
	4
	0
	0
	0
	
	5
	0.17
	2.83
	Specialist

	Calpocalyx aubrevillei Pellegr.
	Fabaceae
	0
	0
	0
	1
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Canarium schweinfurthii Engl.
	Burseraceae
	0
	0
	1
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Carpa procera DC.
	Meliaceae
	0
	1
	5
	3
	0
	1
	
	10
	0.35
	1.61
	Intermediate

	Cecropia peltata L.
	Urticaceae 
	2
	0
	0
	0
	0
	1
	
	3
	0.10
	2.83
	Specialist

	Ceiba pentandra (L.) Gaertn.
	Malvaceae
	1
	1
	0
	0
	0
	0
	
	2
	0.07
	2.83
	Specialist

	Coelocaryan oxycarpum Stapf
	Myristicaceae
	2
	0
	0
	0
	0
	2
	
	4
	0.14
	2.83
	Specialist

	Cola heterophylla (P. Beauv.) Schott & Endl.
	Malvaceae
	73
	147
	154
	82
	92
	92
	
	640
	22.15
	0.00
	Generalist

	Cola lateritia var. maclaudi (A. Chev.) Brenan & Keay
	Malvaceae
	0
	3
	0
	2
	1
	1
	
	7
	0.24
	1.41
	Intermediate

	Cola nitida (Vent.) Schott & Endl.
	Malvaceae
	5
	1
	4
	10
	5
	1
	
	26
	0.90
	0.89
	Generalist

	Copaifera salikounda Heckel
	Detarioideae
	0
	0
	0
	0
	1
	0
	
	1
	0.03
	4.12
	Specialist

	Coula edulis Baill.
	Olacaceae
	2
	12
	11
	11
	2
	2
	
	40
	1.38
	0.80
	Generalist

	Dialium dinklagei Harms
	Fabaceae
	0
	4
	3
	1
	3
	1
	
	12
	0.42
	1.00
	Intermediate

	Diospyros sanza-minika A. Chev.
	Ebenaceae
	0
	1
	0
	0
	1
	0
	
	2
	0.07
	2.83
	Specialist

	Discoglypremna caloneura (Pax) Prain
	Euphorbiaceae
	1
	0
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Funtumia africana (Benth.) Stapf
	Apocynaceae
	4
	7
	0
	14
	9
	5
	
	39
	1.35
	0.62
	Generalist

	Gambeya subnuda Pierre
	Sapotaceae
	0
	2
	0
	10
	22
	7
	
	41
	1.42
	1.00
	Intermediate

	Guarea cedrata A. Chev.
	Meliaceae
	5
	2
	11
	1
	0
	2
	
	21
	0.73
	0.89
	Generalist

	Gurea thompsonii Sprague & Hutch.
	Meliaceae
	0
	0
	1
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Irvingia gabonensis  (Aubry-Lecomte ex O'Rorke) Baill.
	Irvingiaceae
	0
	0
	0
	0
	1
	0
	
	1
	0.03
	4.12
	Specialist

	Klainedoxa gabonensis Pierre ex Engl.
	Irvingiaceae
	0
	0
	0
	0
	4
	1
	
	5
	0.17
	2.24
	Specialist

	Lophira alata Banks ex C.F.Gaertn.
	Ochnoideae
	0
	0
	3
	1
	0
	0
	
	4
	0.14
	2.83
	Specialist

	Macaranga spinosa Müll.Arg.
	Euphorbiaceae
	7
	0
	0
	0
	0
	0
	
	7
	0.24
	2.83
	Specialist

	Mammea africana Sabine
	Calophyllaceae
	0
	0
	0
	0
	1
	1
	
	2
	0.07
	2.83
	Specialist

	Maranthes glabra (Oliv.) Prance
	Rosaceae
	0
	1
	3
	0
	4
	1
	
	9
	0.31
	1.61
	Intermediate

	Microdesmis puberula Hook.f. ex Planch.
	Pandaceae
	23
	98
	96
	112
	85
	56
	
	470
	16.27
	0.00
	Generalist

	Myrianthus libericus Rendle
	Moraceae
	1
	0
	0
	1
	7
	4
	
	13
	0.45
	1.41
	Intermediate

	Ochthocosmus africanus Hook.f.
	Ixonanthaceae
	0
	0
	0
	2
	3
	0
	
	5
	0.17
	1.87
	Intermediate

	Octoknema borealis Hutch. & Dalziel
	Olacaceae 
	1
	0
	1
	2
	0
	1
	
	5
	0.17
	1.61
	Intermediate

	Odyendea gabunensis (Pierre) Engl.
	Simaroubacea
	2
	0
	4
	3
	4
	3
	
	16
	0.55
	0.80
	Generalist

	Omphalocarpum pachysteloïdes Mildbr. ex Hutch. & Dalziel
	Sapotaceae
	0
	0
	2
	2
	0
	0
	
	4
	0.14
	2.24
	Specialist

	Pachylobus klaineanus (Pierre) Guillaumin
	Burseraceae
	2
	17
	13
	6
	17
	13
	
	68
	2.35
	0.35
	Generalist

	Palisota hirsuta (Thunb.) K.Schum.
	Commelinaceae
	39
	22
	9
	12
	10
	17
	
	109
	3.77
	0.35
	Generalist

	Parkia bicolor A. Chev.
	Mimosaceae
	0
	1
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Pentaclethra macrophylla Benth.
	Mimosaceae
	3
	2
	6
	5
	1
	0
	
	17
	0.59
	1.00
	Intermediate

	Petersianthus macrocarpus (P.Beauv.) Liben
	Lecythidaceae
	1
	4
	8
	3
	2
	2
	
	20
	0.69
	0.80
	Generalist

	Piptadeniastrum africanum (Hook.f.) Brenan
	Mimosaceae
	5
	1
	0
	1
	3
	1
	
	11
	0.38
	1.25
	Intermediate

	Platymitra arborea (Blanco) Kessler
	Annonaceae
	0
	17
	8
	27
	1
	0
	
	53
	1.83
	1.12
	Intermediate

	Pycnanthus angolensis (Welw.) Warb.
	Myristicaceae
	8
	5
	14
	9
	11
	6
	
	53
	1.83
	0.45
	Generalist

	Scottellia klaineana Pierre
	Achariaceae
	0
	0
	0
	0
	1
	0
	
	1
	0.03
	4.12
	Specialist

	Sterculia tragacantha Lindl.
	Malvaceae
	1
	0
	0
	1
	0
	0
	
	2
	0.07
	2.83
	Specialist

	Strombosia pustulata Oliv.
	Olacaceae
	20
	107
	41
	113
	59
	26
	
	366
	12.67
	0.00
	Generalist

	Synsepalum afzelii (Engl.) T.D.Penn.
	Sapotaceae
	3
	2
	2
	2
	1
	0
	
	10
	0.35
	1.41
	Intermediate

	Tabernaemontana crassa Benth.
	Apocynaceae
	13
	20
	5
	14
	29
	23
	
	104
	3.60
	0.24
	Generalist

	Terminalia ivorensis A. Chev.
	Combretaceae
	0
	0
	3
	0
	0
	0
	
	3
	0.10
	2.83
	Specialist

	Tetrapleura tetraptera (Schumach. & Thonn.) Taub.
	Mimosaceae
	0
	0
	1
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Tetrorchidium digymostemon (Baill.) Pax & K. Hoffm
	Euphorbiacaea
	2
	1
	0
	0
	1
	2
	
	6
	0.21
	1.61
	Intermediate

	Theobroma cacao L.
	Malvaceae
	0
	0
	0
	1
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Trichilia monadelpha (Thonn.) J.J.de Wilde
	Meliaceae
	1
	0
	0
	1
	0
	0
	
	2
	0.07
	2.83
	Specialist

	Trichoscypha arborea A. Chev.
	Anacardiaceae
	3
	0
	2
	0
	2
	0
	
	7
	0.24
	1.61
	Intermediate

	Turraeanthus africanus (Welw. ex C.DC.) Pellegr.
	Meliaceae
	17
	9
	3
	38
	14
	4
	
	85
	2.94
	0.45
	Generalist

	Uapaca guineensis Müll.Arg.
	Phyllanthaceae
	0
	0
	2
	1
	0
	0
	
	3
	0.10
	2.83
	Specialist

	Vitex doniana Sweet
	Lamiaceae
	0
	0
	0
	4
	1
	1
	
	6
	0.21
	1.87
	Intermediate

	Vitex micrantha Gürke
	Lamiaceae
	0
	1
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	Xylopia acutiflora (Dunal) A.Rich.
	Annonaceae
	294
	0
	1
	3
	4
	4
	
	306
	10.59
	1.00
	Intermediate

	Zanthoxylum gilletii (De Wild.) P.G.Waterman
	Rutaceae
	1
	0
	0
	0
	0
	0
	
	1
	0.03
	4.12
	Specialist

	 
	CSI
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2.15
	Specialist

	
	
	
	
	
	
	
	
	
	
	
	
	


FE forest edge, MD mid distance, FC forest centre, DS downslope, MS midslope, US upslope, D dominance, SSI tree species specialization index, CSI community specialization index
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