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Abstract 

The tropical rainforest ecosystem in Nigeria is very rich in species diversity and plays a significant role in 

conserving biodiversity resources and supporting livelihood. However, these ecosystems are characterized 

by inadequate information on the species diversity and biomass carbon accumulation This study 

investigated the above-ground biomass (AGB) and tree diversity across the tropical rainforest ecosystem 

of Nigeria. Data on variables such as Diameter at the breast height and total tree height of the trees were 

collected from seven forest reserves located in the tropical rainforest  area. The diversity index was 

computed, the generalized pan-tropical aboveground biomass equation was used to estimate the tree 

biomass. The results revealed that the Shannon diversity  index ranged from 1.876 to 2.933 across the forest 

ecosystem, Shaha forest reserves recorded the highest species diversity. The Ekuri forest reserves had the 

least AGB values with 110.4 Mg/ha while Ago Owu and Akure forest reserves indicated the highest  AGB 

values of 861.3 and 828.3 Mg/ha respectively.  This study has provided empirical evidence that there are 

high biomass density and species diversity across the tropical forest ecosystem in Nigeria. The results 

indicated that there are dissimilarities in the species diversity across the seven forest reserves. The study 

revealed that a significant relationship exists between species diversity and the AGB across forest 

ecosystems and the ecosystem could hold great potential for biodiversity conservation in the area. It is 

therefore recommended that requisite silvicultural practices such as enrichment planting that could enhance 

the diversity of the forests be taken seriously.  
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Introduction 

Africa is undoubtedly facing critical challenges of 

biodiversity loss (Borokini et al., 2013; Onefeli et al., 

2013; Onefeli, 2016; Onefeli, 2018; Leishra et 

al., 2020) and climate change (Serdeczny et 

al., 2017). These challenges have been majorly linked 

to unsustainable forest management practices in 

tropical countries. Tropical forests are the highest 

biomass accumulator of the world's terrestrial 

ecosystems (Philips et al. 1998; Pan et al., 2011; 

Urbazeav et al., 2018; Jegede et al., 2020). It 

accounted for over 40% of total global biomass and 

carbon sequestration (Day et al., 2013). This large 

amount of biomass accumulation in tropical forests 

has been attributed to the high level of tree species 

diversity (Mensah et al., 2016; Lawal et al., 2020; 

Onefeli, 2021). However, tropical forests have been 

subjected to a high level of deforestation and 

degradation thereby contributing to the global 

challenges of biodiversity loss and climate change 

(Strassburg et al. 2010; Talbot, 2010; Day et 

al., 2013; Onefeli et al. 2014). Relationships and 

interactions between forest biodiversity and biomass 

accumulation have been receiving attention in the last 

couple of decades from researchers, Non-

Governmental Organizations (NGOs), policymakers, 

and other stakeholders on climate change (Midgley et 

al. 2010). This is because forest-based mitigation and 

adaptive strategies are significant components of the 

Paris climate agreement (Grassii et al., 2017). The 

quantification of biomass and carbon sequestration is 

required for forest-based protocol compliance 

(Ebeling and Yasue 2008; Vieilledent et al., 2012; 

Srinivas and Sundarapandian, 2019). It is 

indispensable in carbon pricing in the Reducing 

Emission from Deforestation and Degradation 

(REDD+) initiatives (Köhl et al., 2020). It is vital in 

the analysis of atmospheric carbon dynamics and 

carbon stock forecasts (Le Toan et al., 2011; Pan et 

al., 2011; He et al., 2013; Sharma et al., 2020). The 
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measure of forest ecosystem services and forest 

management sustainability can also be ascertained 

from forest biomass assessment (Caputo et al., 2016). 

Therefore, understanding the relationship between 

biomass and biodiversity will be essential in the 

implementation of forest-based climate change 

adaptation and mitigation mechanisms (Midgley et 

al. 2010; Strassburg et al. 2010). 

There is increasing attention on assessing regional 

forest biomass and carbon estimates for social 

economics, ecological and environmental protection 

(FAO, 2020; Verkerk et al., 2019). Hence, adequate 

information on forest biomass and carbon stocks that 

can be used to extrapolate the tree variables are 

available in some regions of the world (FAO, 2020; 

Ploton et al., 2020; Verkerk et al., 2019). There is 

precise information on biomass and carbon pools of 

tropical forests on a global scale (Srinivas and 

Sundarapandian, 2019). However, such information 

is lacking in most countries in West Africa (FAO, 

2020). This results in a dearth of information on 

carbon pools of the forests due to inadequate local and 

national carbon inventories with the consequences on 

economics and impediments to the implementation of 

carbon credit initiatives.  

The appropriate technique to evaluate the effects of 

diversity on biomass accumulation is through 

experimental designs. This method of biomass 

accumulation is practicable in grassland ecosystems 

(Oba et al., 2001). However, the slow growth rate and 

the complexity of the tropical forest ecosystem 

impede the use of this experimental manipulation 

(Li et al., 2018). Hence, tree sampling has gained 

prominence in tropical countries for biomass 

estimation (Day et al., 2013; Mensah et al, 2016; 

Lisboa et al., 2018; Sharma et al., 2020). Allometric 

equations for individual trees (Oladoye et al., 2018) 

and ecosystems using tree diameter and height 

sampled data are used for biomass estimation 

(Lisboa et al., 2018). However, inconsistent results 

have been obtained on the effects of biodiversity on 

biomass accumulation in the tropics with the quantity 

of forest biomass attributed to high and low forest tree 

diversity. For example, Laurin et al (2016) 

established a strong positive correlation between tree 

diversity and biomass whereas a weak relationship 

was established between tree diversity and biomass 

(Sullivan et al., 2017). In contrast, a strong negative 

correlation between biomass and tree diversity has 

also been affirmed (Con et al., 2013). High variation 

exists among tropical forests in biomass 

accumulation. Lisboa et al (2018) reported 291Mg/ha 

of above-ground biomass whereas 144.2 Mg/ha have 

also been documented (Sharma et al., 2020). These 

large variations in biomass resulted from variations in 

climates, soil, disturbances, evolutionary and 

geological history (Talbot, 2010), and ecosystems 

(Lisboa et al., 2018).   

 

Nigeria's tropical rainforest is an important ecosystem 

with high tree diversity (Onefeli and Stanys, 2019; 

Akinyele et al., 2020). The ecosystem has been 

delineated into gazetted forest reserves for 

biodiversity conservation and sustainable timber 

production. The ecosystem covers about 11% of 

Nigeria's landmass (Mfor (Jr) et al., 2014; Usman and 

Adefalu, 2010). Tropical rainforests also contribute 

significantly to ecosystem services and carbon 

sequestration. Their strength of productivity and 

carbon sequestration is normally assessed through 

biomass estimation. However, the forests have been 

fragmented and highly degraded without any concrete 

policy framework aimed at averting degradation 

(Saka- Rasaq, 2019). The country once attained 20% 

forest cover (FORMECU, 1996; Mfor (Jr) et 

al., 2014). However, the area decreased to 7.2% by 

2016 (World Bank, 2021). Hence, the unabated 

decline in biomass and carbon stocks. The main 

drivers of forest degradation are anthropogenic forces 

((Mfor (Jr) et al., 2014). Forests serve as a source of 

livelihood for rural dwellers, government depends on 

forest resources for revenue generation, gazettes of 

forest land are allocated for industrial and small-scale 

farming leading to land-use change. These practices 

have been linked to biodiversity losses and the 

precursor for carbon sources for global warming 

(Strassburg et al., 2010; Rodriguez-Echeverry et 

al., 2018; Karma et al., 2020) and climate change 

(Lisboa et al., 2018). Sustainable forest management 

has been identified as key to biodiversity 

conservation and climate change mitigation and 

adaptation because of its carbon sequestration and 

also social, and economic benefits. Though there are 

shreds of evidence of biodiversity loss in Nigeria's 

forest ecosystems. However, there are inadequate 

biomass estimates of the ecosystems. Thus 

necessitating biomass estimation and establishing the 

relationship between biomass accumulation and the 

biodiversity of the ecosystems. The purpose of this 

study is to establish the dynamics of biodiversity and 

tree aboveground biomass in selected forest reserves 

in Nigeria.  
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MATERIALS AND METHODS 

Study Area 

This study was carried out in six forest reserves in the 

tropical rainforest ecosystem in Nigeria, the reserves 

were purposively selected because they are known to 

harbour large populations of trees and play a 

fundamental role in improving rural livelihood rural, 

contributing significantly to economic development 

in sub-Sahara region benefits. The reserves include 

Ago-Owu, Akure, Cross River South (CRSFR), 

Ekuri, Ikrigon, Oluwa and Shasha (figure 1). The 

reserves contain relics of tropical rainforest 

characterised by multi-layer, multispecies 

indeterminate age compositions.  

Ago Owu Forest Reserve is located in Isokan local 

government of Osun State, Nigeria, the area has 

Latitude: 7.046E, 7.252N and Longitude: 4.066N and 

4.387E. The vegetation of the area is classified as a 

tropical Lowland Rain Forest (Keay, 1959). Akure 

Forest Reserve is a tropical rainforest ecosystem, 

which has an undisturbed segment popularly known 

as ‘Queen’s plot that covers an area of about 32 

hectares (Akinbowale et al., 2020). According to 

Akinbowale et al. (2020), it is located in Ondo State 

at latitude 06.59718oN and longitude 004.49199oE 

having a mean annual rainfall of around 1700mm and 

the temperature ranges from about 20.6 o C to 33.5o.  

Ekuri Community Forest is located in Akamkpa 

Local Government Area of Cross River State, the area 

lies between latitude 05o33ˡ00” N and 05o38ˡ00” N 

and longitude 08o7ˡ00” E and 08o37ˡ00” E. The area 

is characterised by seasonal mean annual rainfall 

ranging from 2,314 mm to 3,500 mm. Cross River 

South Forest Reserve (CRS FR) lies between latitude 

5°50.978′ to 5°51.029′ N and longitude 8°29.833′ to 

8°29.424′ E and occupies an area of 80,534.07 ha.  

Ikrigon Forest Reserve lies between latitude 

6°17.597′ to 6°17.862′ N and longitude 8°35.597′ to 

8°35.276′ E and occupies an area of 542.7 ha (Ogana, 

2019). Oluwa Forest Reserve is located between 

latitudes 6°38' and 6°59'N and longitudes 4° 23' and4° 

46'E. The reserve consists of both natural forest and 

Plantations. The natural forest is a tropical rainforest 

and it is characterized by emergent trees with multiple 

canopies and lianas (Orimoogunje, 2014). Shasha 

Forest Reserve is located in Ife south Local 

government Area of Osun state, Nigeria, the 

vegetation encompasses a tropical rainforest 

ecosystem in Southwest and lies between latitude 

7°8'and 7°10' N and longitude 4°20' and 4°40' E.  

Field Data Collection Procedures and Analysis 

 The dataset consists of diameter at breast height (1.3 

m above the ground, d) and total tree height (h) of 

3,276 individual trees representing more than one 

hundred and fifty species measured from 93 plots. 

The plot sizes ranged from 0.062 – 0.25 ha, and only 

trees with dbh ≥ 10.0 cm were considered in this 

study. All the trees within each plot were identified 

up to the species level and enumerated. 

In each plot, both stand variables and diversity indices 

were computed. Important stand variables such as 

density (number of trees per ha i.e., the observed 

frequency of trees divided by plot size; N trees/ha), 

basal area per ha (sum of cross sectional area divide 

by plot size, G m2/ha) and quadratic mean diameter 

(Dg, cm) (equation [1]) were calculated. 

𝐷𝑔 = (√
4𝐺

𝜋𝑁
) × 100  [1] 

where Dg is the quadratic mean diameter (in cm), G 

is basal area per ha, N represents density that is 

number of trees per ha and 𝜋 is pi. Pielou’s species 

evenness, Shannon-Weiner index and Simpson index 

of dominance were the diversity measures computed 

for each plot. Furthermore, the generalised pan 

tropical aboveground biomass equation (Chave et al., 

2014) was used to estimate the tree biomass. The 

biomass equation requires diameter (d), height (h) 

and wood density (𝜌) as input variables (equation 

[2]). Wood density of individual tree species was 

retrieved from the global wood density database 

(Zanne et al., 2009). For those unidentified species, 

an average of 0.5 g cm-3 was used. The same average 

value was used by Ogana (2019) in the rainforest 

zone. Reyes et al. (1992) also found an average of 0.5 

g cm-3 for the wood density of trees in tropical Africa. 

𝐴𝐺𝐵𝑒𝑠𝑡 = 0.0673 × (𝜌𝑑2ℎ)0.976  [2] 

where 𝐴𝐺𝐵𝑒𝑠𝑡 is the estimated aboveground biomass 

(in Mg); d is diameter at breast height (in cm); h is 

tree height (in m) and ρ represents wood density (in g 

cm-3). The individual AGB was summed for each plot 

and then divided by the plot size to obtain the AGB 

per ha (Mg/ha).  

https://www.scirp.org/journal/paperinformation.aspx?paperid=103272#ref10
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Figure 1: Map showing the location of the study site in the tropical rainforest of Nigeria. 

 

A correlation analysis was used to explain the 

interaction of species diversity and aboveground 

biomass production in the tropical rainforest 

ecosystems. A Pearson correlation analysis 

(equation [3]) was applied because of the nature 

of the data set (continuous). The range of the 

value of correlation (𝑟𝑥𝑦) is between -1 and +1 

i.e., -1 < r < 1. The higher the value the stronger 

the linear association between the species 

diversity and aboveground biomass. The level of 

significance of the correlation was tested at 5 %. 

𝑟𝑥𝑦 =  
𝑆𝑆𝑥𝑦

√𝑆𝑆𝑥  × 𝑆𝑆𝑦

=  
∑ 𝑥𝑦 −  

(∑ 𝑋)(∑ 𝑌)
𝑛

√(∑ 𝑋
2

− 
(∑ 𝑋)2

𝑛 ) (∑ 𝑌
2

−  
(∑ 𝑌)2

𝑛 )

               [3] 

where SSxy is the sum of square of the cross-

product X (species diversity) and Y (AGB in 

Mg/ha) variables; SSx is the sum of square of X 

variable (species diversity); SSy represents sum of 

square of Y variable (AGB in Mg/ha) and the n is 

the number of inventoried plot (93 plots).  

The variability of species diversity in the seven 

forests was compared using one-way analysis of 

variance (ANOVA) at 5%. Duncan Multiple 

Range Test (DMRT) was used to separate forests 

that were significantly different at 5 %. 

The AGB composition across selected families 

common to the seven forests was analysed. The 

families selected were Fabaceae, Malvaceae, 

Meliaceae, Moraceae and Myristicaceae. 

Meliaceae and Moraceae contain important 

timber species like the mahogany. For each 

selected family, the variability of AGB was 

compared across Ago-Owu, Akure, CRSFR, 

Ekuri, Ikrigon, Oluwa and Shasha forests using 

ANOVA at 5 % level of significance. Further 

DMRT was used to separate forests whose AGB 

were significantly different. All statistical 

analyses were carried out using R (R Core Team, 

2020). 
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RESULTS 

Tree variables and Species diversity in the 

tropical forest ecosystem 

 The mean and standard deviation (SD) of the 

stand variables for the tropical forest is presented 

in Table 1. The quadratic mean for the diameter 

at breast height varied from 20.7 cm (Shasha) to 

106.1 cm (Akure). The diameter and height 

distributions of the trees across the forests are 

shown in figure 2 and 3 respectively. Meanwhile, 

the basal area for the trees encountered in Akure 

was the highest (119.5 m2/ha) while Ekuri was 

the least (9.3 m2/ha). In terms of the number of 

trees existing in a forest, value ranged between 

approximately 65 (Ekuri) to 622 trees on a hectare 

basis. Similarly, among the forests, Ekuri had the 

least above-ground biomass of 110.4 Mg/ha and 

Ago Owu had maximum value (861.3 Mg/ha). 

Variation in diversity indices of the tropical 

forest ecosystem 

Considering the diversity indices among the 

forests, Ikrigon possessed the least values for 

evenness and Shannon, which are respectively 

0.410 and 1.876 while Akure (0.975) and Oluwa 

(2.971) were the least (Table 1). Dominance 

ranged between Oluwa (0.066) and Ikrigon 

(0.305). All the forests were found to be 

significantly different (p<0.05) based on the 

diversity indices (Figure 5). Hence, the forests 

were categorized into three groups according to 

the indices except for the species evenness, in 

which Ikrigon was significantly different from 

the rest six forests (Figure 5). 

 

Table 1: Mean and standard deviation (SD) of the stand variables and diversity indices for the tropical forest 

data 

Variable Statistics Ago_Owu Akure CRSFR Ekuri Ikrigon Oluwa Shasha 

    Np = 4 Np = 15 Np = 10 Np = 32 Np = 10 Np = 7 Np = 15 

Dg (cm) Mean 54.9 106.1 30.4 42.2 33.8 29.9 20.7 

 SD 15.8 15.5 5.9 6.9 3.5 2.4 3.3 

G (m2/ha) Mean 73.8 119.5 12.5 9.3 28.0 19.8 21.5 

 SD 65.8 29.2 5.4 3.4 9.3 6.5 10.6 

N (trees/ha) Mean 247.0 135.6 175.2 65.3 310.4 277.7 621.5 

 SD 157.9 23.3 69.9 11.9 72.8 56.8 196.5 

AGB (Mg/ha) Mean 861.3 829.3 154.5 110.4 253.0 158.8 142.5 

 SD 743.5 300.6 79.1 42.7 70.4 75.4 85.8 

Dominance Mean 0.087 0.140 0.193 0.125 0.305 0.066 0.075 

 SD 0.031 0.016 0.288 0.038 0.153 0.010 0.019 

Evenness Mean 0.923 0.975 0.745 0.880 0.410 0.754 0.738 

 SD 0.102 0.029 0.156 0.066 0.146 0.064 0.079 

Shannon Mean 2.602 1.989 2.526 2.271 1.876 2.971 2.933 

 SD 0.423 0.093 1.013 0.252 0.477 0.067 0.228 

Simpson Mean 0.913 0.858 0.807 0.875 0.695 0.934 0.925 

  SD 0.030 0.016 0.288 0.038 0.153 0.010 0.019 

Np: number of plot; Dg: quadratic mean diameter; G: basal area per ha; N: number of trees per ha 

 

Correlation between diversity indices and above-ground biomass 

Evenness correlated significantly (p<0.05) with 

the above-ground biomass (AGB) of the species 

(Figure 4). Therefore, increment in the AGB 

tends to be associated with a rise in the evenness. 

Conversely, species dominance and Shannon 

diversity index had a positive insignificant 

correlation with the AGB.  

Variation in the above-ground biomass of 

selected economic familiar taxa of the tropical 

ecosystem 

All the forests were significantly different 

(p<0.05) based on the above-ground biomass 

(AGB) of the trees within each of the selected 

families (Figure 6). Akure and Shasha 
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respectively had the highest and least AGB 

except only for Moraceae where the Cross River 

State Forest Reserve (CRSFR) happened to have 

the least AGB (Figure 6).  

Therefore, according to the affinity of the forests 

concerning their AGB, two clusters were formed 

for Malvaceae, Meliaceae, Moraceae and 

Myristicaceae. Specifically, within Malvaceae, 

Ekuri, Oluwa, Ikrigon, CRSFR and Shasha, 

which were insignificantly different were 

distinguished from Akure and Ago Owu (Figure 

6). In Meliaceae, Moraceae and Myristicaceae, 

only Akure formed a cluster, which was 

significantly different from the remaining forests 

as another cluster. In Fabaceae however, three 

clusters were formed comprising of Akure; Ekuri 

and Ago Owu; CRSFR, Oluwa, Ikrigon and 

Shasha.  

 

 
Figure 2: Diameter distributions of tree species  
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Figure 3: Height distributions of  tree species 

 
Figure 4: Association of species diversity and aboveground biomass (AGB, Mg/ha) 
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Figure 5: Comparison of diversity indices across the seven forests using Duncan Multiple Range Test (DMRT). 

Note:  Forests with the same letter are not significantly different at 5 % level. 
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Figure 6: Comparison of AGB of selected families across the forests using DMRT. Note: Forests with the same letter are not significantly 

different at 5 % level. 
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Discussion 

This study has provided important information on 

the peculiarity of natural forest ecosystems in 

biomass accumulation, the results revealed that 

tropical forest ecosystems have high above-

ground biomass (AGB) density as the biomass 

ranges from 110.4 to 861.3 Mg ha in the seven 

natural forest ecosystem investigated. The results 

are in the same range as reported by Sierra et al. 

(2007), that in primary forests of Porce region, 

Colombia, total aboveground biomass was 

estimated as 247.8- 40.5 Mg ha. The results are 

corroborated as reported by Dimobe et al. 2019, 

which reported high carbon stock across 

vegetation types in W National Park, Burkina 

Faso. The results of the study are in agreement 

with several other studies in tropical regions, they 

reported higher biomass in primary forest areas 

(Goussanou et al. 2018; Lindner, et al.  2012; 

Lin et al. 2015). The study revealed that biomass 

density is higher in Ago Owu and Akure forest 

reserve compared to other forests investigated. 

This could be as a result of the high influences of 

anthropogenic activities such as logging, 

extraction of plant materials by herbal collectors, 

and other forms of illegal encroachment in the 

forest reserves. The report of Dimobe et al. (2019) 

that encounter high carbon density in the 

woodlands and gallery forests of Burkina Faso is 

similar to this study. They reported high values of 

carbon stock which could be explained by the 

abundance of woody trees and reduction in 

anthropogenic influences. The result is also in the 

same direction as reported by Qasim et al. 2016, 

which documents high biomass in the wildlife 

reserve of Bontioli and Nazinga Game Ranch 

located in Burkina Faso. Our results revealed that 

a disturbed forest area has very low forest and 

biomass less disturbed area accommodates high 

biomass density, the results are similar to a 

previous study that reported highest carbon 

stocks were encounter in non-disturbed areas 

namely protected areas (Balima et al. 2020; 

Dayamba et al., 2016; Islam et al., 2017). 

 

The diameter distribution from the seven natural 

forests assessed across the tropical region in 

Nigeria show the expected bell shape form for a 

natural forest except for Akure forest, this 

revealed that the species distribution is normally 

distributed across the vegetation. The stem 

diameter distribution of all the species in the 

forest is the predominance of adult individuals. 

This shows a strong indication that the forest is 

threatened and the species are characterized by 

aging trees and revealed a declining trend and 

lack of adequate management practices. The 

result is similar as reported by Ouédraogo (2006). 

Only Ikrigo and Ekuri forest reserves showed the 

height distribution close to normal distribution. 

Most of the studied forest ecosystems showed the 

expected normal distribution, except for Akure 

forest that revealed an unstable tree demographic 

pattern, which indicated a threat to the forest 

reserve. The result is in accordance as reported by 

Traoré et al. (2012) that reported the species 

population in both protected and unprotected 

forests in the North Sudanian of Burkina Faso 

showed a normal distribution in population 

structure The results revealed that the natural 

forest ecosystem has high diversity indices in all 

the diversity indices assessed in the study. The 

result is similar as reported by Nacoulma et al., 

(2011), which reported that protected areas had 

highlighted diversity indices and the ecosystem 

holds great potential for biodiversity conservation 

in the area. 

 

The study showed that the evenness of the species 

in the forest significantly correlated with the 

above-ground biomass (AGB) of the species 

(Figure 3), the results corroborate with the report 

of Balima et al. (2020), that stated carbon storage 

in tree aboveground biomass was influenced by 

both stand composition and structure. Dayamba 

et al., (2016) and Islam et al., (2017) had also 

reported similar results in their previous studies. 

In Burkina Faso, Dimobe et al. (2019), reported 

that stand composition and ecological conditions 

significantly influence carbon storage in the area. 

Day et al. (2013) documented a complex and 

highly variable relationship between species 

diversity and biomass density in Central African 

rainforests. They further reported positive 

correlations between biomass and species 

diversity in the plots. The results corroborate with 

the findings of this study that revealed Shannon 

diversity index and species dominance had a 

positive correlation with the above-ground 

biomass. 
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Conclusion 

This study has provided important information on 

species diversity and biomass in tropical forest 

ecosystem in Nigeria. The studied revealed a 

positive relationship between the species 

diversity indices and biomass density in the 

reserves. It was evident in the study that 

anthropogenic influences have negative impact 

on the biomass, species distribution and diversity. 

The relationships and interactions between forest 

biodiversity and biomass accumulation could be 

a useful tool for the policymakers and 

stakeholders in developing a road map toward 

climate change mitigation and adaptation. It is 

therefore recommended that requisite 

silvicultural practices such as enrichment 

planting that could enhance the diversity of the 

forests be taken seriously. 
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