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ABSTRACT 

A study on the influence of toposequence and Marantaceae on the distribution of two species of 

the genus Guarea was carried out in the forest massif around Kisangani, in the Tshopo province, 

in DR Congo.  

Objective: The general objective of this study is to characterize the spatial distribution of 

individuals of two Guarea species in relation to toposequence and Marantaceae. 

Methodology and results: For this study, two sites of 200 ha each were installed, one in the 

Yangambi Biosphere Reserve between 0° 38' and 1° 10' N, 24° 16' and 25° 08' E, and the other in 

the Yoko Forest Reserve between 0° 15' and 0° 20' N, 25° 14' and 25° 20' E. Within two devices, 

all individuals of two Guarea species were measured at 1.30 m above the ground and positioned 

by x, and y coordinates. After the inventory and data analysis, the population density of the two 

species was higher in Yangambi than in Yoko and the same was true for basal area values. The 

spatial distribution of individuals of two species is aggregated in Yoko. While the distribution is 

significantly random for G. cedrata, it is weakly aggregated for G. thompsonii in Yangambi.  

Conclusion and applications of results: This heterogeneous distribution of two species can be 

related to the topography of the land as well as to the presence and/or absence of Marantaceae. As 

for the soil texture, both reserves have sandy-clay soils, characteristic of the soils of the forest 

massifs of the Kisangani region and its surroundings.  
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INTRODUCTION 

In tropical rainforests, soil succession resulting 

from topography influences the spatial 

distribution of plant species. The clustering of 

plant species in a habitat, especially due to soil 

types and topography, is relatively well studied 

(Boyemba, 2011; Katembo, 2020; Katusi, 

2015). These studies have shown that plant 

species establish themselves according to their 

preference which sometimes relates to soil 

texture (sandy or clay soils) (Anderson, 1981; 

Fine et al., 2010; De Assis and Wittmann, 

2011; Wittmann et al., 2013; Fortunel et al., 

2014; Katusi, 2015), affinity to soil nutrients 

(Condit et al., 2013) as well as to the 

particularity of the habitat (Harms et al., 2001; 

Valencia et al., 2004; Chuyong et al., 2011). 

Hence, it has been hypothesised that in tropical 

rainforests, soil variables differentiate plant 

groups such as monodominant forests (Hart et 

al., 1989; Sabongo, 2015) that prefer low-

nutrient soils in contrast to mixed forests that 

prefer high-nutrient soils (Richards, 1996). 

There are contrasting results for this 

hypothesis (Katembo, 2020); however, the 

dynamics of organic matter being significant 

between these two forest types (Lokonda et al., 

2018) can even occupy more particular 

environmental conditions such as plateaus, 

slopes, flooded or non-flooded lowlands 

(Letouzey, 1983; Hart, 1990; Barbier et al., 

2017). Whatever the edaphic conditions, 

structural parameters (Prader, 2008; Pappoe et 

al., 2010, Pereira Junior et al., 2016; i.e., tree 

density, basal area and/or above-ground 

biomass) of the stand may differ according to 

the topo-sequence and vary locally according 

to fine environmental conditions (Makana et 

al., 2004; Djuikouo et al., 2010) as well as the 

grouping of individuals of a given species in 

aggregates or not (Katusi, 2015). The same 

applies to Marantaceae forests, which 

constitute a regressive system leading in the 

long term to the almost total disappearance of 

the tree cover due to the absence of woody 

regeneration (Lejoly, 1996; Kukupula, 2009; 

Mbayu, 2017). 

 

MATERIALS AND METHODS  

Study area: The study was conducted in two 

sites: Yangambi site located in Isangi territory, 

100 km west of the city, between 0° 38' and 1° 

10' N, 24° 16' and 25° 08' E. The Yoko site 

located in Ubundu territory, 32 km south-east 

of Kisangani city, between 0° 15' and 0° 20' N, 

25° 14' and 25° 20' E (Boyemba, 2011; Katusi, 

2015; Adeito et al. ., 2018; Katusi et al. ., 2021) 

(Figure 1).  
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Fig. 1. Location of two sites in relation to the city of Kisangani. The tropical forest of the Congo 

Basin, the "second green lung" of the planet, after the Amazon. 

 

Located in the equatorial zone, the two study 

areas benefit from an equatorial climate with 

an average monthly temperature varying 

between 22.4 and 29.3 °C, with an annual 

average close to 25 °C, and annual rainfall 

varying between 1500 and 2000 mm, with an 

average of 1750 mm (Vandenput, 1981).  

Methodological approach 

Survey strategy: Two inventory systems were 

used for the study: the plot at the Yoko site 

(200 ha) (Picard, 2008) and the plot at the 

Yangambi site (200 ha). In both sites, the plots 

were delimited by transverse layons with 100 

m spacing, oriented towards the North (y), and 

by longitudinal layons with 50 m spacing, 

oriented towards the East (x), using a 

decameter (Picard, 2008). The inventory of 

two Guarea species, namely G. cedrata and G. 

thompsonii at dhp ≥ 10 cm (at 1.30 m from the 

ground or above the footings) was carried out 

in both sites. Tree mapping (coordinates (x, y)) 

required, in addition to the compass, the use of 

two decameters positioned on the ground, in x 

and y along the layon and the intermediate 

breakthrough. Three operators conducted the 

survey: one operator, A, moved within the one-

hectare square and passed from tree to tree, 

while the other two operators, B, and C, moved 

along the layon y and the breakthrough x, each 

holding a decameter and a compass. Each 

operator, B, and C, aim at the tree designated 

by operator A at the point perpendicular to the 

direction of the path or breakthrough. The 

reading of the decameter gives the value of the 

distance x or y from the origin of the square 

(distance 0 of origin, i.e., the north-western 

corner of the square or hectare), the Cartesian 

coordinates of the trees (x, y) are then provided 

(Boyemba, 2011) (Figure 2).  
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Fig. 2. Dispositif d’inventaire pour les sites de Yangambi et Yoko (Boyemba, 2011; Katusi, 2015) 

 

Characterization of edaphic conditions (soil 

analysis) and degree of Marantaceae cover. 

One hundred hectares (100 ha) were sampled, 

of which 50 ha were in Yangambi and 50 in 

Yoko. In each ha, soil sampling was done in 

the four corners of the hectare including the 

center, i.e., 5 samplings per ha using the auger 

(Katusi, 2015). It should be highlighted that for 

each ha, the different soil samples were 

extracted at 50 cm depth and mixed in soil 

bags, air dried, and analysed at the Laboratory 

of Pedology of the Faculty of Management of 

Renewable Natural Resources at the 

University of Kisangani. The granulometric 

analysis was done by gravimetry, followed by 

chain hydrometry as described by Hanotiaux et 

al.  (1975) and Pauwels et al. (1992). The 

topographic study of the soil was done with a 

Suunto clinometer and the different 

topographic categories were selected 

according to the percentage of slope: plateau: 

0-10%; gentle slope: 10-25%, and steep slope 

>25%. As for the evaluation of the degree of 

the cover of Marantaceae in the understory, it 

was estimated according to the presence (1) 

and absence (0) (Menga, 2011; Katusi, 2015). 

Statistical analysis: The t-student test was 

used to compare the mean values of basal area 

of individuals of two Guarea species and the 

mean values of the proportions of sand, clay, 

and silt within two reserves, respectively. At 

the plot scale, the analysis of the spatial 

distribution of Guarea individuals was 

performed using Ripley's (1977) K(r) function 

implemented in the R software (version 2.5, 

Kfun function of the ads package) whose 

graphical interpretation is facilitated by 

Besag's transformed K(r) function or L(r) 

(Besag, 1977; Goreaud, 2000; Walter, 2006), 

according to the equation : 

 
With Besag's L(r); K(r): Ripley function, r: 

radius of the aggregates, and π: 3.14. For the 

aggregated (L(r) > 0) and regular (L(r) < 0) 
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processes, the curves lie above and below the 

confidence envelope, respectively. For a 

random process (following a Poisson 

distribution), L(r) = 0 at all distances from r, 

and the L(r) curve remains within the 

confidence interval. The confidence interval is 

calculated at a 5% risk, from 100 simulations, 

using the Monte Carlo method (Pelissier et 

Goreaud, 2001). The analysis is made possible 

from mapped data of different Guarea stands 

(diameter ≥ 10 cm) using Cartesian 

coordinates x,y.  

 

RESULTS 

Density and basal area: Across the two sites, 

the numbers of individuals are 105 individuals, 

or a density of 0.525 ft/ha in Yangambi and 72 

individuals, or 0.36 ft/ha in Yoko for G. 

cedrata while for G. thompsonii, they are 2086 

individuals, or a density of 10.43 ft/ha in 

Yangambi and 1104 individuals, or a density 

of 5.5 ft/ha in Yoko. As for basal area values, 

they are 0.1712 m²/ha (0.0016 ± 0.0018 m²/ha) 

in Yangambi and 0.0695 m²/ha (0.0010 ± 

0.0013 m²/ha) in Yoko site for G. cedrata 

while for G. thompsonii, they are 0.6646 m²/ha 

(0.0003 ± 0.0005 m²/ha) for Yangambi site and 

0.3937 m²/ha (0.0004 ± 0.0008 m²/ha) in 

Yoko. Mean basal area values were different at 

the 5% threshold at both sites for G. cedrata (t 

= 2.4; p = 0.009), but not for G. thompsonii (t 

= 3.9; dl= 1; p = 0.16) 

Distribution of individuals within study 

sites: Individuals of G. cedrata are distributed 

throughout most of the study area in Yangambi 

while in Yoko, they are less distributed in the 

sections from 600 to 1000 m in the y-direction 

and from 1600 to 2000 in the x-direction 

(Figure 3). 

 

  
Fig. 3. Distribution of G. cedrata individuals in the 200 ha (a: Site_Yangambi and b: Site_Yoko). 

 

Spatial structure of G. cedrata individuals: 

The spatial distribution of all Guarea cedrata 

individuals at dhp ≥ 10 cm shows a random 

distribution in the Yangambi site (Figure 4a) 

while in the Yoko site, it is random from 0 to 

50 m from the analysis distance and then, 

aggregated beyond 50 m from the analysis 

distance (L (r) > 25 m; Figure 4b).  
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Fig. 4. Spatial structure of G. cedrata individuals in the 200 ha (a: Yangambi and b: Yoko). 

 

Distribution of individuals within the study 

sites : As observed for the species G. cedrata, 

individuals of G. thompsonii are distributed in 

almost the entire study area in Yangambi while 

in Yoko they are less distributed in the sections 

from 800 to 1000 m in the y-direction and from 

1600 to 2000 in the x-direction (Figure 5) 

 

 

  
Fig.5. Distribution of G. thompsonii individuals in the 200 ha (a: Yangambi and b: Yoko) 

 

Spatial structure of individuals within the 

study sites: The spatial distribution of G. 

thompsonii individuals with dhp ≥ 10 cm 

shows a weak aggregation in the Yangambi 

site between 10 to 250 m of the analysis 

distance with a peak at the 50 m level and L(r) 

> 5m (Figure 6a) while in Yoko, it shows 

strong aggregation over the entire analysis 

distance with a peak at the 300 m level and L 

(r) > 25 m (Figure 6b). 

Soil particle size analysis: In general, at both 

the Yoko and Yangambi reserves, the soil is 
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sandy-clay. Table 1 shows that at the 

Yangambi site, the proportion of sand is 69.7 ± 

0.47%; silt is 8.6 ± 3.3% and clay is 32.5 ± 

6.6% while at Yoko, the proportion of sand is 

66.9 ± 14.2%; silt is 7.3 ± 3.9% and clay is 25.9 

± 12.8%. Comparing the proportions of sand (t 

= 1.2; p-value > 0.05), clay (t = -1.9; p > 0.05) 

and silt (t = 1.6; p > 0.05) within the two sites, 

there are no significant differences. 

 

Table 1. Mean values of soil textural parameters  

Site                  Sand(%)             Silt (%) Clay (%) 

  Mean Sd Max Min  Mean Sd Max Min  Mean  Sd Max Min 

Ybi 69,7 0,47 81,3 61,1 8,6 3,3 17,3 2,8 32,5 6,6 32,5 4,6 

Yk 66,9 14,2 83,9 24,0 7,3 3,9 19,9 2,0 25,9 12,8 63,5 11,6 
Legend: Avg: mean; Sd: standard deviation; Max: maximum and Min: minimum) in Yangambi (Ybi) and Yoko (Yk) 

sites 

 

Influence of slope, soil texture and 

Marantaceae on the spatial distribution of 

Guarea species. At the Yangambi site, the first 

two axes of the PCA account for 36% of the 

total inertia of soil survey points × soil texture 

variables and the presence of Marantaceae 

(Figure 6a). Axis 1 separates the soil textural 

elements; it appears, a negative correlation 

between sand and clay (R = -0.88) on one hand 

and, silt and clay (R = -0.74) on the other hand 

while there is a positive correlation between 

sand and silt (R = 0.34). It should be noted that 

slope and Marantaceae do not influence 

Guarea density in the Yangambi plot since the 

topography is almost flat (plateau) with an 

almost total absence of Marantaceae. At the 

Yoko site, the first two axes of the PCA 

account for 43% of the total inertia of soil 

survey points × soil textural variables and 

Marantaceae presence (Figure 7b).  

 

   
Fig. 6. Ordination of soil survey points × textural variables; topography (slope) and presence of 

Marantaceae at Yangambi and Yoko by PCA. G_ce: Guarea cedrata and G_th: Guarea 

thompsonii. 1; 2; 50: soil profiles. (a): Yangambi site (PC1/PC2: 25/11%) and (b): Yoko site 

(PC1/PC2: 30/13%). 
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Axis 1 separates soil textural elements; there is 

a negative correlation between sand and clay 

(R = -0.96) on the one hand and, sand and silt 

(R = -0.49) on the other hand while there is a 

positive correlation between silt and clay (R = 

0.24). This axis also separates the density of 

Guarea and the slope as well as the presence of 

Marantaceae; it appears, a negative correlation 

between the slope and the density of Guarea 

species on the other hand (R = -0.26 for G. 

cedrata and R = -0.43 for G. thompsonii) and 

on the other hand, between the presence of 

Marantaceae and the density of Guarea (R = -

0.27 for G. cedrata and R = -0.43 for G. 

thompsonii). In other words, Guarea 

individuals are more clustered on the plateau 

where there are no Marantaceae than on the 

slope or the lowland and/or where there is the 

presence of Marantaceae. 

 

DISCUSSION 

Spatial characterization : The spatial 

distribution of individuals of a species is 

largely related to the mode of dissemination of 

diaspores (Howe et Smallwood, 1982; 

Sabatier, 1983; Foresta (De) et al., 1984; 

Gautier-Hion et al., 1985; Howe, 1989; 

Cabrara & Gignoux, 1990; Koukou, 1992; 

Loubry, 1993 & 1994; Collinet, 1997; Walter, 

2006), to their natural regeneration (Forget, 

1988; Puig et al., 1989; Bariteua, 1993; 

Ribbens et al., 1994, Pascal, J.P. et Pelissier, 

R., 1995), and to microenvironmental 

conditions (Puig et al., 1989; Sabatien et al., 

1997; Clark et al., 1998; Condit et al., 2000) as 

well as to soil conditions (Forget, 1988; Puig 

et al.,1989 ; Barthes, 1991 ; Boyemba, 2011 ; 

Katusi, 2015) because the latter (soil 

conditions) are likely, at short distances, to 

vary significantly in aggregation or not 

(Darrieu de Madron, 1989 ; Koukou, 1994). It 

should be highlighted that the spatial 

distribution of the two Guarea species within 

two sites is heterogeneous, as it is significantly 

aggregated for both Guarea species at Yoko 

(see figures 4b and 6b), while it is random for 

G. cedrata and weakly aggregated for G. 

thompsonii at Yangambi (see figures 4a and 

6a).  

Spatial heterogeneity is related to soil 

structure and toposequence as well as to the 

presence of Marantaceae : In the framework 

of this study, the observations made on both 

study sites, Yangambi and Yoko, showed that 

the soil of the two sites is sandy-clay (Cf table 

1), but the averages of the percentage of sand 

(Yangambi: 69.7% and Yoko: 66.88%), silt 

(Yangambi: 8.62% and Yoko: 7.26%) and clay 

(Yangambi: 32.49% and Yoko: 25.87%) are 

relatively higher at Yangambi than at Yoko. In 

addition, within the two sites; there appears a 

negative correlation between sand and clay (R 

= -0.94) and the surface of the study area is 

more uneven in Yoko than in Yangambi. In 

Yoko, there is a negative correlation between 

the density of two species of Guarea and the 

slope on the one hand, and between the density 

and the presence of Marantaceae on the other 

hand, while in Yangambi this does not appear, 

since the topography of the study area is almost 

homogeneous and Marantaceae are almost 

non-existent (Figure 7). In the same figure, we 

also note that in Yangambi, the soil texture is 

relatively homogeneous and the almost total 

absence of Marantaceae means that the 

different soil profiles are almost confined to 

the intersection of the PCA axes. In Yoko 

however, the heterogeneity of the soil texture 

combined with the presence of Marantaceae 

shows the demarcation of the soil profiles 

between the PCA axes. On the one hand, one 

can distinguish soil profiles related to the 

presence of the slope (≥ 25%) and Marantaceae 

where the percentage of clay is higher than that 

of sand, and on the other hand, those profiles 

related to the absence of slope and 

Marantaceae and where the percentage of sand 

is relatively higher than that of clay. In other 

words, individuals of these two species are 
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more clustered on the plateau with sandy-clay 

soil and absence of Marantaceae than on the 

slope or hillside with relatively high clay 

content and/or abundance of Marantaceae . 

Based on these observations, it was concluded 

that the aggregate structure of two Guarea 

species in Yoko may be topographically 

related (Katusi, 2015) although the majority of 

semi-deciduous forest species are habitat 

generalists with respect to topography 

(Hubbell & Foster, 1986); this seems to 

reinforce the observation that, for particular 

edaphic and topographic conditions, many tree 

species may be habitat-specific (Ashton, 1964; 

Gartlan et al., 1986; Newbery et al., 1986; 

Baillie et al., 1987; Ashton & Hall, 1992; 

Ashton et al., 1995; Richards, 1996; Chen et 

al., 1997; Collinet 1997; He et al., 1997; Clark 

et al., 1998; Clark et al., 1999; Hubbell et al., 

1999; Svenning, 2000; Harms et al.,2001; Hall 

et al., 2004; Yamada et al.,2005; Jones et 

al.,2006; Boyemba, 2011 ). The often-poor 

relationship between topographic position and 

species distribution (Hubbell & Foster, 1986; 

Niiyima et al., 1999; Webb & Peart, 2000). 

Traissac (2003), emphasises that edaphic 

factors and topography are always determinant 

for at least some species. Condit et al. (2000), 

comparing several devices, relate the degrees 

of aggregation for a given density with the 

topography and conclude that the greatest 

degrees of aggregation are observed for 

devices with the most irregular topography. 

This seems to confirm the observations made 

for the two species of Guarea in the Yoko site. 

 

 
Fig. 7: Ordination of soil survey points × textural variables; topography (slope) and presence of 

Marantaceae at Yangambi and Yoko by PCA (PC1/PC2: 27/12%). G_ce: Guarea cedrata and 

G_th: Guarea thompsonii. Ybi1; Ybi2; Ybi50: soil profiles in Yangambi site and YK1; YK2; 

YK50: soil profiles in Yoko site. 
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However, Plokin et al.  (2002) and Harms et al.  

(2001), assessing the relationships between the 

spatial distribution of species according to soil 

(water and fertility) and topographic position 

(plateau, slope, lowland), observed that the 

relative importance of edaphic habitat in the 

structuration of species was relatively low and 

that this preference for habitat could explain 

the spatial distribution of 25% of the species 

(Debski et al., 2002). Boyemba (2011), 

assessing the position of P. elata according to 

the slope in the Yoko Forest, concluded that 

the spatial distribution of individuals depends 

on the slope where individuals are denser in 

areas with low slopes: 73.1% are present in 

areas with slope ≤ 10%, corresponding to 

plateaus, while only 0.9% are present on land 

with 25% slope and 0% on land with 30% 

slope; this confirms previous observations 

made on the two species of Guarea within the 

same forest. But Collinet (1997) was able to 

detect that the edaphic preferences of 

Discoryna guianensis do not seem to constrain 

its spatial distribution. In addition, besides the 

topography, it was observed that the presence 

of Marantaceae, characteristic of a forest 

disturbance (Ashton et al., 1995; Molino & 

Sabatier, 2001; Schnitzer & Carson, 2001; 

Mbayu, 2017) in Yoko, cannot facilitate a good 

regeneration and establishment of the two 

woody species as they are semi-heliophilous 

requiring more shade than light in the juvenile 

stages. One of the causes of the low densities 

observed in the Yoko reserve is the fact that the 

forest undergrowth is sometimes overcrowded 

with large, difficult-to-penetrate herbaceous 

plants belonging to the Marantaceae families 

(Megaphrynium macrostachyum, 

Sarcocephallum schweinfurtianum, and 

Haumannia liebrechtsiana) and 

Commelinaceae (Palisota hirsuta and P. 

ambigua). Similar results were observed by 

Menga (2011) in Maindombe Forest. These 

Marantaceae have powerful branched 

rhizomes that allow them to occupy large areas 

(De Foresta, 1990) and the cover of the upper 

strata is very light and the density of 

individuals is low (Doucet, 2003), and many of 

them tend to cluster. The presence of 

Marantaceae could be linked to the paleo-

incendies and in addition to edaphic and paleo-

climatic arguments, which resulted in phases 

of aridity that may have considerably reduced 

the floristic richness of African tropical forests 

(Shnell, 1976; Morley, 2000; White & 

Edwards, 2001; Maley, 1996a, b), this is 

probably the case of the Yoko Forest. While in 

Yangambi the homogeneity of the topography 

and the absence of Marantaceae would allow 

the dissemination of diaspores during the 

settlement of juveniles until the senescence 

phase in interaction with abiotic and biotic 

factors of the environment, individuals did not 

tend to group together to form aggregates. 

Therefore, we would assume the random 

distribution of G. cedrata and weak aggregate 

of G. thompsonii as a result of these two 

factors. 

 

CONCLUSION AND APPLICATION OF RESULTS 

The density of Guarea populations is much 

higher in Yangambi (0.525 feet/ha for G. 

cedrata and 10.43 feet/ha for G. thompsonii) 

than in Yoko (0.36 feet/ha for G. cedrata and 

5.5 feet/ha for G. thompsonii) and it is more 

important to have a good density of Guarea in 

Yangambi than in Yoko thompsonii) and the 

same is true for the basal area value (0.1712 

m2/ha for G. cedrata and 0.6646 m2/ha for G. 

thompsonii in Yangambi and, 0.0695 m2/ha for 

G. cedrata and 0.3937 m2/ha for G. thompsonii 

in Yoko). For both species of Guarea, the 

spatial distribution is aggregated in the Yoko 

site while in the Yangambi site it is random for 

G. cedrata and very weakly aggregated for G. 

thompsonii. As for soil texture, both sites have 

sandy-clay soils, characteristic of the forest 

soils of the Kisangani region and its 

surroundings. Like the other forest synusia, the 

herbaceous forest layer is made up of plant 
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species whose importance in the maintenance 

of the whole forest equilibrium is not 

negligible. Herbaceous communities can 

somewhat be regarded as the “forest cradle” 

since other the other species that contribute to 

the general forest architecture once sojourned 

there. The herb layer can therefore impact the 

dynamics of the entire forest. Its importance in 

the carbon storage process has also been 

evidenced and more importantly its impact of 

animal communities. We believe it could be 

interesting to thoroughly investigate the case 

of this species partitioning to account for 

potential edaphic ecotypes of these two species 

which develop in this plant grouping. 
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