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Introduction 

Only a small area of land between the Tropics of 

Cancer and Capricorn, between latitudes 22.5° North 

and South of the equator, is home to tropical woods 

(Soro et al., 2021). The recognized global importance 
of tropical forests is the multitude of goods and services 

that they guarantee to humans. Unparalleled in terms of 

biological diversity, tropical forests are a natural 

reservoir of genetic diversity that offers a rich source of 

medicinal plants, high-yielding foods, and a myriad of 

other equally useful forest products (FODER, 2021; 

Miabangana and Malaisse, 2021; Nyeck et al., 2024). In 

addition to providing consistent precipitation and 

preventing erosion, droughts, and floods, tropical 

forests are essential for controlling the world's climate 

(Awé et al., 2021a; Maman et al., 2024). They release a 

large amount of terrestrial oxygen while sequestering 
large amounts of carbon (Awé et al., 2024b; 2022). 

Today, biodiversity is subject to natural and 

anthropogenic threats. Human activity is contributing to 
a biodiversity catastrophe with a high rate of particular 

extinction; as a result, the mechanisms producing this 

extinction weaken the environmental services that are 

essential to human survival (Wanguili et al., 2023; 

Kouam et al., 2023; Akame, 2024; Awé et al., 2024a). 

These threats do not leave ecosystems intact, given the 

resulting consequences. These manifest themselves in a 

partial or total disappearance of species, which is called 

a biological crisis. The interaction between forests and 

abiotic factors (altitude, soil, climate, etc.) determines 

the type of plant formation in an environment. Thus, on 

a given surface area, we can find forest populations that 
present differences in structure, floristic composition, 

density, and plant diversity (Bio et al., 2021; Vroh et al., 

2022; Guissi, 2024). This most often comes from the 

variability of biotic and abiotic factors that affect 

existing populations. 
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Abstract: In the Faro Subdivision (North, Cameroon), there are populations of 

Kigelia africana, known by the common name “Dambale", whose variety is largely 
unknown. The study's goal is to demonstrate how altitude affects species diversity 

and vegetation structure in Kigelia africana parklands. To gather information for 

statistical analysis, a Randomized Complete Block Design (RCBD) was employed. 

A total of 90 quadrats of 50×50 m each (covering 22.5 ha) were sampled and 

inventoried under Kigelia africana stands in the three altitudinal classes (154-1002 

m, 1002-1312 m, and 1312-2015 m). For each altitudinal slice, the diameter and 

height were measured. The floristic analysis was conducted using floristic richness 

and diversity indices, and each altitude level's demographic structure was assessed. 

There are 29 species in all, categorized into 24 genera and 13 families. In terms of 

flora, low altitudes are richer and more varied than higher altitudes. The largest 

density (72 individuals/ha) is found between 154 and 1002 m. The highest basal 

area (23.52 m²/ha) is found between 1002 and 1312 m. The height structure for 
each altitude level showed that the number of individuals decreases from low 

height classes to high height classes. This study shows that Kigelia africana could 

support rational exploitation in the Poli area so that its potential is not affected. 
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Kigelia africana belongs to the Bignoniaceae family 

and is a species of flowering plant. This type of tree, 

native to Senegal and known for its presence in Tanzania, 

Mozambique, Uganda, the wetlands of western Kenya, as 

well as in Zambia and Zimbabwe, is also present in 

Botswana and as far north as South Africa, where it is 

called worsboom by the Afrikaners. It is also found in the 

West Indies, more specifically in Marie-Galante, 

following its importation during the period of slavery 

(Arbonnier, 2004). A medium-sized tree (10 to 15 m), 

with large pinnate leaves comprising 8 to 10 oval leaflets 

(30 cm). These leaves can be evergreen or deciduous, 

depending on the climate in which they grow. Its large, 

bell-shaped flowers with 5 petals give off an unpleasant 

odor at night and simulate the appearance of spoiled fruit. 

Kigelia africana, also known as the "sausage tree," is an 

iconic species of tropical Africa, valued for its diverse 

meanings. It has significant socioeconomic and 

ecological characteristics. Socioeconomically, Kigelia 

africana is an important local resource for many African 

communities, providing employment and income 

opportunities through the collection and processing of its 

fruits, bark, and leaves. Its use as a traditional medicine 

generates income for local healers and herbalists (Gormo 

and Nizesete, 2013). The cosmetics industry uses Kigelia 

africana extracts to manufacture beauty products, 

creating jobs and markets. The fruits, although toxic in 

their raw form, can be processed into food after proper 

processing, thus contributing to food security. 

Ecologically, Kigelia africana plays a role in the 

biodiversity of its habitat, providing food and shelter for 

various animal species. The tree contributes to soil 

fertility through the decomposition of its leaves and 

fruits, thus improving environmental quality. It can adapt 

to harsh environments, making it an important species for 

the restoration of degraded land. It is used for ornamental 

purposes in gardens and parks, enhancing the aesthetics 

of landscapes (Yamontche et al., 2024). 

Altitude is one of the geographic and biogeographic 

components that explain the distribution of plant species 

on Earth. A variable like altitude, often relevant to describe 

the habitat of a species, brings together a set of conditions 

and resources constituting as many axes of the niche 

(Soro et al., 2021). Rising altitude can induce several 

changes in vegetation. Either there are sudden and 

occasional changes in the floristic composition or medium 

and long-term adaptations of species to the corresponding 

altitude. Variation in the structure of plant communities 

along an altitudinal gradient constitutes an area of study in 

ecology that allows exploring continuous progression 

within vegetation (Ouattara et al., 2023). Therefore, the 

goal of this study was to determine how environmental 

cues affect the richness and variety of plant species in 

Kigelia africana stands. By comparing the species and 

particular composition of plant communities beneath 

Kigelia africana stands in Cameroon, this work will be 

helpful to ecologists, conservationists, and future scholars. 

The purpose of this study is to confirm how altitude affects 

Kigelia africana parklands' species diversity and 

vegetation structure. 

Supplies and Procedures 

Research Site 

The investigation was conducted in Cameroon's 

northern region, in the Faro subdivision, specifically in 

the Poli district. The Poli district is located at latitude 

8°28'32 N and longitude 13°14'27'' E (Souaibou, 2024). 

Figure 1. The area of the Poli district is 8045 km2 

(Anonyme, 2014). The soils are feralitic and planosols 

with thick horizons (Victor et al., 20219, Awé et al., 

2021). The climate is the Sudanese type with humid 

shade (Brabant and Humbel, 1974). The Poli district 

experiences 1200 mm of precipitation and 25 degrees on 

average each year (Aubréville, 1970). Vegetation is 

dominated by shrubby savannas to tree-degenerate facies 

(Letouzey, 1985). 

Data Gathering 

To gather information for statistical analysis, a 

Randomized Complete Block Design (RCBD) was 

employed. In forestry research, one of the most used 

experimental designs is the RCBD (Jayaraman, 1999). 

A total of 90 quadrats of 50×50 m each (covering 22.5 

ha) were sampled and inventoried under Kigelia 

africana stands in the class [154-1002 m] (n = 30 

quadrats), [1002-1312 m] (n = 30 quadrats), and [1312-

2015 m] (n = 30 quadrats). A GPS and compass were 

used to trace the quadrats over a 2500 m² ground 

distance. All plant species with a DBH≥5 cm were 

counted in both zones along the quadrats. The model 

employed by Dossa et al. (2019) is compatible with this 

inventory system. A tape measure was used to measure 

the circumference of trees and shrubs to conduct 

inventories. The information in dendrometric research, 

a tape measure, and a clinometer were used to measure 

the diameter at breast height (dbh) on the bark. Thus, 

the circumferences of the species were measured using 

a tape measure at 1.30 m from the ground. All plants 

collected were determined at the National Herbarium of 

Cameroon. The nomenclature adopted was that of the 

phylogenetic classification (APG IV, 2016). 
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Fig. 1: The study area's location map 

 

Floristic Diversity 

The following were the main topics of the plant 
diversity analysis. 

The total number of Species (S) present in an 

agroforestry parkland is known as specific richness. As for 

specific diversity, it refers to the distribution of the total 

number (Ni) between the different species. 

Shannon-Wiener index (H) (Barmo et al., 2019; Singh 

and Pusalkar, 2021; Kouam et al., 2023): H is represented 

in bits and is equal to -Σ (ni/Ni) *log2 (ni/Ni), where Ni is 

the total number of individuals and ni is the number of 

individuals of the species. 

Index of Pielou Equitability (E) (Barmo et al., 2019; 
Singh and Pusalkar, 2021): E = H/ H/Log2Ni, where Ni is 

the total number of people, while H is represented in bits. 

The Simpson's index (D') is expressed by the following 

formula: D'= Σ (ni/Ni)2 (Awé et al., 2021; Kouam et al., 

2023). 

Structural Characterization 

The number of people per hectare is known as density 

(D). The density (D) in the quadrats is determined using 

the following formula: D = n/S, where D is the density 
(individuals/ha), n is the total number of individuals in a 

sample plot, and S is the sample plot's area (ha). 

Basal area (Ba): This enables the presentation of area 

per hectare (m2/ha) the surface of each species at 1.30 m 

(Dbh); the formula is: Ba = (D² x π / 4), where D = Dbh 

(cm), π = 3.142 (constant), and Ba = (Basal area is 

computed in cm²/ha then converted to m²/ha). 

Height and Diametric structures: The distribution of 
individuals in height and diameter classes was carried out. 
For the height structure, 03 classes ([0-4 m], [4-8 m], [8-
12 m]) of an amplitude equal to 4 m have been established. 
Four classes ([0-20 cm], [20-40 cm], [40-60 cm], [60-80 
cm]) with an amplitude of 20 cm were created for the 
diameter structure. 

Analysis of Data 

STATGRAPHICS plus version 5.0 for Windows was 
used for all statistical analyses. The species diversity 
within the three elevation classes was compared using 
Duncan's test and One-Way Analysis Of Variance 
(ANOVA). Statistical significance was assessed using a p-
value of 0.05. 

 

Results 

Altitude's Impact on Floristic Composition 

In total, 810 individuals were recorded in eight Kigelia 

africana agroforestry parklands. These individuals are 

members of 24 genera, 13 families, and 29 species Table 

1. There are 26 species, 22 genera, and 13 families in the 

lower altitudinal range (154-1002 m), 24 species, 22 

genera, and 12 families in the middle altitudinal range 

(1002-1312 m), and 12 species, 11 genera, and 8 families 
in the top altitudinal range (1312-2015 m). The lower 

altitudinal range (154-1002 m) is the richest in terms of 

phytodiversity. Fabaceae (9 species), Combretaceae (6 

species), and Rubiaceae (3 species) were the most 
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represented families in Kigelia populations, followed by 

Malvaceae (2 species). Afzelia africana, Combretum 

collinum, Combretum molle, Kigelia africana, Lannea 

acida, Parkia biglobosa, Sterculia setigera, Terminalia 

laxiflora, Vitellaria paradoxa, and Vitex doniana are 
present at all altitude levels Table 1. Species such as 

Bombax costatum, Terminalia macroptera, and Ximenia 

americana are only found at lower altitudes (154-1002 m), 

Table 1. 

Effect of Altitude on Diversity and Structure Indices 

The lowest of these indices (1.80 bits; 0.45; 0.01) is 

found at higher elevations (1312 and 2015 m), while the 

strongest Shannon index, Pielou equitability, and Simpson 

index are found between 154 and 1002 m (2.48 bits; 0.58; 
0.07) Table 2. Higher elevations (1312 and 2015 m) 

exhibit the lowest density (28 individuals/ha), whereas the 

highest density (72 individuals/ha) is found between 154 

and 1002 m. The lowest basal area (8.32 m²/ha) is found at 

lower elevations (154 and 1002 m), whereas the largest is 

found between 1002 and 1312 m (23.52 m²/ha) Table 2. 

The analysis of variance shows that there is no 

significant difference in the Shannon (F = 0.14; p = 

0.078>0.05), Pielou (F = 0.874; p = 0.06>0.05), and 

Simpson (F = 0.804; p = 0.0>0.05) indices between the 

three altitudinal ranges Table 2. The three altitudinal 

ranges differ significantly in density (F = 5.84; p = 

0.04<0.05) and basal area (F = 5.99; p = 0.038<0.05), 

according to the analysis of variance Table 2. 

Effect of Altitude on Diameter Class Distribution  

There are 210 individuals in the smallest diameter class 

(0 to 20 cm) at the altitudinal range of 154–1002 m. 

51.85% of the stems in this level are represented by this. 

Of the total number of individuals, 34.56% belong to the 

diameter class of 20 to 40 cm. Therefore, only 13.58% of 

the stems are found in the final two diameter classes ([40 

to 60 cm] and [60 to 80 cm]) Fig. 2. 

There are 122 individuals in the smallest diameter class 

(0 to 20 cm) at the level of the altitudinal range 1002-1312 

m, representing 49.39% of the stems. The diameter class 

of 20 to 40 cm comprises 36.44% of the total number of 

individuals. Therefore, almost 86.23% of the stems are in 

the first two diameter classes Fig. 2. 

At the elevation of the 1312–2015 m altitudinal range, 

43.67% of the trees and 31.64% of the individuals had 

diameters between 0 and 20 cm and 20–40 cm, 

respectively. The remaining individuals, or 24.68%, are in 

the 40 to 80 cm diameter class. For the three altitude levels, 

the distributions of people in the diameter classes are 

shown as a graph in the shape of a "inverted J" Fig. 2. 
 
Table 1: Floristic composition of Kigelia africana populations according to altitudinal ranges 

Scientific names Families 154-1002 m 1002-1312 m 1312-2015 m 

Afzelia africana Fabaceae 11 6 2 
Anogeissus leiocarpus Combretaceae 0 3 1 
Bombax costatum Malvaceae 1 0 0 
Burkea africana Fabaceae 8 2 0 

Combretum collinum Combretaceae 21 16 9 
Combretum molle Combretaceae 18 6 11 
Crossopteryx febrifuga Rubiaceae 0 2 8 
Cussonia arborea Araliaceae 4 2 0 
Daniellia oliveri Fabaceae 3 6 0 
Detarium macrocarpum Fabaceae 9 6 0 
Detarium microcarpum Fabaceae 2 0 0 
Diospyros mespiliformis Ebenaceae 4 1 0 
Entada africana Fabaceae 8 3 0 

Ficus glumosa Moraceae 5 2 0 
Gardenia ternifolia Rubiaceae 13 7 0 
Gardenia aqualla Rubiaceae 11 0 0 
Isoberlinia doka Fabaceae 14 9 0 
Khaya senegalensis Meliaceae 20 1 0 
Kigelia africana Bignoniaceae 158 98 55 
Lannea acida Anacrdiaceae 2 6 1 
Parkia biglobosa Fabaceae 16 3 9 

Pterocarpus erinaceus Fabaceae 1 20 0 
Sterculia setigera Malvaceae 32 13 28 
Terminalia laxiflora Combretaceae 36 5 18 
Terminalia macroptera Combretaceae 1 0 0 
Terminalia schimperiana Combretaceae 0 6 0 
Vitellaria paradoxa Sapotaceae 5 10 8 
Vitex doniana Lamiaceae 1 14 8 
Ximenia americana Ximeniaceae 1 0 0 

Total 405 247 158 
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Table 2: Floristic diversity and structure index according to the altitudinal gradient 

Index names Items 154-1002 m 1002-1312 m 1312-2015 m 

Floristic diversity index 

Number of species 26 24 12 

Shannon index (H) 2.48 0.03a 2.42±0.02a 1.80±0.01a 
Pielou index (E) 0.58±0.01a 0.57±0.01a 0.45±0.01a 
Simpson index (D) 0.07±0.01a 0.06±0.01a 0.0±0.01a 

Structure index 
Density 
(individuals/ha) 

72±0.15c 44±0.10b 28±0.09a 

Basal area (m²/ha) 8.32±0.05a 23.52±0.08c 19.87±0.04b 

The same letter in the same row indicates the lack of a significant difference (Duncan’s multiple range test, p>0.05) 

 

 
 
Fig. 2: Distribution by diameter class according to the number of individuals on the altitudinal gradient. The same letter in the same row 

indicates the lack of a significant difference (Duncan’s multiple range test, p>0.05) 

 

 
 
Fig. 3: Distribution by total height class according to the number of individuals on the altitudinal gradient. The same letter in the same 

row indicates the lack of a significant difference (Duncan’s multiple range test, p>0.05) 
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Effect of Altitude on the Distribution in Height 

Classes 

There are 315 individuals in the smallest height class 

([0 to 4 m]) at the level of the altitudinal range 154-1002 

m. 77.77% of the stems in this level are represented by this. 

Therefore, only 33.33% of the stems are found in the final 

two height classes ([4 to 8 m] and [8 to 16 m]). There are 

174 individuals in the shortest height class ([0 to 4 m]) at 

the level of the altitudinal range 1002-1312 m, 

representing 70.44% of the stems. 

Therefore, just 29.56% of the stems are in the last two 

height classes. 50.63% of the trees at the level of the 
altitudinal range 1312-2015 m have heights ranging from 

0 to 4 m, and 25.31% of the individuals have heights 

between 4 and 8 m. The remaining individuals, or 25.06%, 

are in the height class 8 to 12 m. For the three altitude 

levels, the distributions of people in the height classes are 

shown as a graph in the shape of a "inverted J" Fig. 3. 

Discussion 

Highlighting the relationship between altitude, floristic 

richness, and vegetation structure was the aim of this 

study. The inventory of the woody flora of Kigelia africana 

agroforestry parklands made it possible to identify a total 

of 29 species over three altitudinal ranges. This flora, 

which testifies to the richness of the environment, is 

representative of the flora of Kigelia africana populations. 

These findings closely resemble those of (Ouattara et al., 

2023), who identified 66 species at three height levels 

([300-400 m], [400-500 m], and [500-600 m] in the 

highlands of Bowé de Kiendi in the Gontougou region 
(Ivory Coast). Phytodiversity is highest in the lower 

altitudinal range (154-1002 m). The explanation for this 

richness is that lower altitudes generally benefit from 

milder and more constant temperatures, which allows a 

greater number of species to establish and thrive, and also, 

lower elevations are often richer in resources such as 

water, nutrients, and sunlight, which promotes species 

diversity. This is reasonable because lower altitudes 

provide more favorable conditions for life, such as a more 

constant temperature and greater availability of 

resources, which allows a greater number of species to 

thrive (Silva et al., 2014). Also, lower elevations 
generally have warmer and more stable temperatures, 

which is conducive to the growth and reproduction of 

many species. Tree species such as Afzelia africana, 

Combretum collinum, Combretum molle, Lannea acida, 

Parkia biglobosa, Sterculia setigera, Terminalia laxiflora, 

Vitellaria paradoxa, and Vitex doniana are found at various 

altitudes due to their ability to develop ecological 

adaptations and resilience characteristics in the face of 

environmental fluctuations. These processes give them the 

ability to survive and thrive in diverse environments, from 

lowlands to plateaus, despite variations in temperature, 

access to water, and soil types. According to Sadia et al. 

(2025), these species have developed resistance systems to 

deal with elements such as drought, intense heat, poor soil 

fertility, and competition from other plants. For instance, 

certain species may access groundwater because of their 
deep root systems, while others have developed modified 

leaves to minimize water loss through transpiration. 

Species such as Bombax costatum, Terminalia macroptera, 

and Ximenia americana are found at lower elevations 

because they have adapted to the specific environmental 

and climatic conditions of these regions. These conditions 

include high temperatures, fluctuating precipitation, and 

generally dry or well-drained soils (Sharma et al., 2025). 

Between 154 and 1002 meters, the highest Simpson, 

Pielou, and Shannon indices were recorded. This shows 

that the conditions are ideal for the establishment of 

several species in nearly equal amounts at this altitude 

level of 154 and 1002 m. The higher density (72 

individuals/ha) seen between 154 and 1002 m can be 

attributed to more conducive environmental conditions for 

their growth. Better forest biomass is produced at these 

lower elevations because of the longer growth season, 

better fertiliser and water availability, and more 

temperate temperatures (Awé et al., 2020; Vroh et al., 

2022; Awé et al., 2024a). 

A high basal area indicates a denser and more 

productive forest stand. Basal area is a useful indication of 

a forest stand's richness (Zishan and Shreekar, 2025). The 

presence of huge tree specimens is confirmed by the 

maximum basal area found between 1002 and 1312 m 

(23.52 m²/ha). The large percentage of species that can 

give shade throughout the year can also be explained by 

the high rate of shading seen in the altitudinal range 1002-

1312 m (Miabangana, 2020). 

At all altitudes, the distribution of individuals in 

diameter and height classes provides the same appearance 

(inverted J). Individual traits like height and diameter, 

which are directly related to a plant's growth and 

development, are heavily impacted by both the individual's 

genetics and environmental elements including temperature, 

precipitation, soil, and disturbances (Ouattara et al., 2023). 

Accordingly, the demographic events of recruitment, 

death, and individual growth rates over time are 

synthesized in the distribution of people in diameter and 

height classes (Awé et al., 2021; Vroh et al., 2022). Thus, 

the inverted J shape observed at our study site is indicative 

of good regeneration with numerous juvenile individuals 

at all altitude levels. As a result, there is a high probability 

that the death of an adult individual will be replaced by the 

growth of an individual belonging to a small diameter 

class. Such results were also obtained in the Ivory Coast 

by Ouattara et al. (2023) and in Cameroon by Souaibou 

(2024) in plant formations that have a flora more or less 

similar to that of this site. 
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Conclusion 

The impact of altitude on the phytodiversity of Kigelia 

africana populations in Cameroon's northern area was the 

main focus of this study. The findings revealed that a total 

of 29 species were found in the three altitudinal ranges, 

spread throughout 24 genera and 13 families. Low 

altitudes have more diverse and richer vegetation than 

higher altitudes. The highest density is observed between 

154 and 1002 m (72 individuals/ha). The highest basal area 

is observed between 1002 and 1312 m (23.52 m²/ha). The 

diameter and height structures across altitudinal ranges 

indicate that the flora of the Kigelia africana agroforestry 

parklands has a good capacity for regeneration. This study 

shows that the protection of Kigelia africana populations 

makes it possible to conserve significant biodiversity due 

to the specificities linked to each altitude level. It is 

therefore necessary to develop conservation policies for 

this plant biodiversity for the reconstitution of the flora of 

Kigelia africana populations in the North region of 

Cameroon. This structure also suggests a high exploitation 

of large-diameter people. In view of these facts, these 

parks demand special attention from decision-makers in 

order to propose adequate solutions to guarantee their 

sustainability and the diversity of their function. In view of 

its social, ecological, and environmental relevance, such 

an agroforestry system is regarded a component in local 

development and the battle against climate change. In 

order to encourage local communities to create 

conservation plans so that future generations can benefit 

from them, agricultural development services should be 

interested in the creation of these agroforestry parks. 
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