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ABSTRACT 

Tropical forests contribute immensely to carbon sequestration potentials thereby reducing the 
rate of climate change incidences and mitigating harsh environmental conditions. This study 
analyses the relationship between tree species diversity and aboveground biomass (AGB) in two 
different protected forests, South Western, Nigeria. Data were collected from plot size of 25 m x 
25 m and a total of 16 temporary sample plots were established. Data were collected from the 
plots for determination of Shannon Wiener index and allometry equation was used to determine 
biomass and carbon storage respectively. The Shannon Wiener biodiversity Index were 3.20 for 
Osun sacred grove and 3.49 for strict nature reserve. The equitability index, using Pielou’s 
evenness index of 0.82 and 0.86 were obtained for Osun sacred grove and strict nature reserve 
respectively. It was found that the highest biomass was 1235.72 Mg ha-1 in strict nature reserve, 
Akure while it was lowest (418.54 Mg ha-1) in Osun Sacred grove, Osogbo. The carbon stock 
estimation was highest in strict nature reserve, Akure (617.85 Mg ha-1) and lowest in Osun 
sacred grove, Osogbo (209.26 Mg ha-1). There was a weak significant correlation between tree 
biomass and tree species diversity (r =0.19, p =0.02). Therefore, it is important to be consistent 
with these methods used in the protection of protected forests in order to enhance tree species 
diversity and reduce deforestation through encroachments. 
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Introduction 

Tropical forest ecosystem is an important 
carbon sink source containing majority of the 
above ground terrestrial organic carbon. 
Carbon sequestration is the storage of carbon 
to mitigate global warming. Forest ecosystem 
plays very important role in the global carbon 
cycle. Forests are the natural storehouses of 
biomass and different life form. Thus the 
tropical forests sequester and store more 
carbon than any other terrestrial ecosystem 
and are an important natural brake on climate 
change (Adalarsan et al., 2007; Day et al., 
2013). Forests fix, store and emit carbon by 
photosynthesis, respiration, decomposition 
and disturbances through a series of stages in 

the life cycle from regeneration to harvest 
(Alves et al., 2010). Carbon sequestration is a 
way to mitigate the accumulation of 
greenhouse gases in the atmosphere released 
by the burning of fossil fuels and other 
anthropogenic activities. Biomass 
assessments are very important for many 
purposes and are used in measurement of 
carbon stock of the forest stands (Zheng et al., 
2004; Ekanayake et al., 2012). 

Reducing emission from deforestation and 
forest degradation (REDD+) programme has 
prime concern to carbon stock enhancement 
and biodiversity conservation. The objective 
of forest management has been focusing on 
altering deforestation and forest degradation 
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targeting the enormous benefits of reducing 
emission from deforestation and forest 
degradation (REDD+) programme in climate 
change response (Trumper et al., 2009; Zhang 
and Chen, 2015). Protected forests can reduce 
impacts of deforestation in reducing the 
emission of atmospheric CO2 of about 18% 
(IPCC, 2006). Protected forests enhanced the 
management of the forests by two different 
methods (Federal Environmental Services and 
the State Cultural Services). Assessment of 
biomass provides information on the structure 
and functional attributes of the forest to 
mitigate climate change and sequestrate 
carbon from the atmosphere (Bijalwan et al., 
2010; Ekanayake et al., 2012). There are 
some methods of biomass determination that 
are destructive while some are not destructive 
and some make use of the combination of the 
two methods. Indirect methods are attempts to 
estimate tree biomass by measuring variables 
that are more accessible and less time-
consuming to assess such as wood volume 
and density (Peltier et al., 2007). There are 
knowledge gaps in the relationship between 
carbon and biodiversity linkages in forests 
ecosystems across plots of protected forests 
and the impact of species composition on 
ecosystem function is not well known. There 
are inadequate studies tend towards 
investigating the relationship between tree 
species diversity, forest structure and biomass 
in protected forests in South West, Nigeria. 
The present study investigates the relationship 
between tree species diversity, forest structure 
and biomass of strict nature reserve, Akure 
and Osun sacred grove, Osogbo, south west, 
Nigeria. This study essentially provide 
information on the above ground biomass of 
these protected forests and therefore 
represents an important contribution to 
ecosystem-wide carbon cycle and amount of 

carbondioxide that can be sequestered from 
atmosphere by the forests.  

Materials and Methods 

Study Areas 

Two different protected forests, namely Strict 
Nature Reserve, Akure and Osun Sacred 
Grove, Osogbo, which have areas of 32 ha 
and 75 ha respectively were used for the 
study. These forests were selected for this 
study because of their uniqueness natural 
forests ecosystem conservation in Southwest, 
Nigeria. Osun Sacred grove is located at the 
outskirt of Osogbo, a city of about 2 million 
people in south-western Nigeria (Onyekwelu 
and Olusola, 2014). It covers an area of 75 
hectares and is regarded as the Yoruba 
goddess fertility forest (IUCN, 2005). It is 
dotted with 40 sanctuaries and shrines, two 
palaces and several sculptures and artworks in 
honour of Osun goddess and other Yoruba 
deities. The natural forest is dissected by the 
Osun river and effigies connected by the ritual 
path, it has five main division devoted to 
different Yoruba deities and nine specific 
worship point along the river (Onyekwelu and 
Olusola, 2014). The sacred grove is a national 
monument with global significance and 
cultural values; the Sacred Grove was 
inscribed as a UNESCO World Heritage 
Site in 2005. Strict nature reserve is one of the 
primary forests in south west, Nigeria, with 
no record of human activities (Adekunle et 
al., 2013). It was constituted in 1934 and 
carved out in 1954 as strict nature reserve; it 
covers an area of 32 hectares (Adekunle et al., 
2013). This strict nature reserve is managed 
by the Federal Government of Nigeria (FGN) 
through the Ministry of Environment under 
the supervision of Forestry Research Institute 
of Nigeria (FRIN), Ibadan. 

Sampling Design and Data Collection 
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Line transect method was adopted for sample 
plot allocation and collection of data. Two 
line transect of 1000 m long were laid in the 
protected forests (strict nature reserve, Akure 
and Osun sacred grove, Osogbo) and sample 
plot of 25 m x 25 m was laid alternatively to 
each other with distance of 100 m apart. In 
each forest area 16 plots were laid and total of 
32 plots in the two forest reserves. 
Measurement of tree variables were carried 
out with the use of girth tape and Spiegel 
relaskop, diameter at breast height (Dbh) at 
(1.3 m), diameter at the base (Db), diameter at 
the middle (Dm), diameter at the top (Dt) and 
height. Core borer was used in the collection 
of tree core samples for each tree species with 
Dbh = 10 cm across the plots. Two core 
samples were collected diametrically opposite 
each other for each tree species enumerated. 
The length, fresh weight and dry weight after 
oven drying were recorded for the entire core 
samples collected. Tree growth variable 
assessment and species diversity was done 
with the identification of all trees encountered 
within the plots.  

Data analysis 

Phyto-sociological studies include the 
determination of tree species richness and 
diversity per plot and for the entire forest 
stand. Tree species diversity, volume and 
biomass were estimated using the following 
equations:  

Tree Volume equation 

 

(Eq. 1) 

where: V = Tree volume (m³), Db, Dm and Dt 

= tree cross-sectional area (m²) at the base, 
middle and top of merchantable height, 
respectively, and h = total height (in meters). 

Species diversity for each plot was calculated 
using the Shannon-Wiener diversity index 
(H'): 
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Where H' is the diversity index, S is the total 
number of species, pi is the proportion of 
species S contributed by ith species i is an 
individual species and ln is natural logarithm. 

Species evenness in each plot was determined 
using Shannon’s equitability (EH): 
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(Eq. 3) 

The Importance Value Index (IVI) of each 
species was computed with the relationship in 
equation.  

 

Where: Hmax = Shannon’s maximum diversity 
index; S= total number of species in the 
forest.  

Biomass and Carbon stock 

Allometric biomass equation developed for 
tropical species was adopted for this study to 
calculate aboveground biomass (AGB) for all 
individual trees encountered in the plots. This 
allometric equation proved to be more 
accurate in estimation of aboveground 
biomass values, when compared with the 
existing allometric equation (Brown and Lugo 
1992; Chave et al., 2005). 

AGB = exp(-2.977LN( D²H))              (Eq. 5) 

Where AGB is aboveground biomass,  is 
wood mass density (g/cm³), D is diameter at 
breast height (cm), and H is total height of the 
stem (m). AGB was computed for each 
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individual tree, plot and for the entire stand. 
The carbon stock was computed as 50% of 
biomass estimation (Pearson et al., 2005). 

Carbon stock = Biomass x 50%  
(Eq. 6) 

Relationship between biomass, carbon 
stock and biodiversity 

Vegan package in R was used to determine 
the relationship between biomass, carbon 
stock and species diversity. Similarly, 
independent sample t-test was used to 
compare Shannon-Wiener index and species 
richness data in the two protected forests. 

Results 

Species diversity and biomass in these two 
protected forests 

A total of 700 individual tree stands, 106 tree 
species and 42 families were recorded across 
the two protected forests used for this study. 
The value of biodiversity indices varied 
according to the forest structure (Table 1). 
The Shannon-Wiener biodiversity index for 
3.20 for Osun sacred grove and 3.49 for strict 
nature reserve were calculated for the two 
protected forests. The equitability index, 
using Pielou’s evenness index of 0.82 and 
0.86 were obtained for Osun sacred grove and 
strict nature reserve respectively. There were 
high variations in number of species, 
aboveground biomass (AGB), number of 
individual stems, and maximum DBH among 

the two protected forests (Table 1). Osun 
sacred grove, Osogbo had lower species 
richness and biomass compared to that of 
strict nature reserve, Akure with the highest 
species richness and biomass. 

Total biomass varied considerably between 
forest sites. It was found that the highest 
biomass was 1235.72 Mg ha-1 in strict nature 
reserve, Akure while, it was lowest about 
418.54 Mg ha-1 in Osun Sacred grove, 
Osogbo (Table 1). The carbon stock 
estimation was highest in strict nature reserve, 
Akure (617.85 Mg ha-1) and lowest in Osun 
sacred grove, Osogbo (209.26 Mg ha-1). Mean 
DBH and height of stems in strict nature 
reserve, Akure was 78.4 cm and 24.3 m 
respectively while in Osun sacred grove, 
Osogbo was 24.3 cm and 11.8 m respectively. 
Mean DBH and height of stems in the study 
respectively was 51.9 cm (SD = 0.28) and 
11.8 m (SD = 0.12) for Osun sacred grove 
while 78.4 cm (0.31) and 24.3 m (SD = 0.14) 
for strict nature reserve respectively (Table 1). 
The greatest biomass was found in trees with 
larger DBH, although this trend was less 
pronounced than height. Trees with DBH > 
50 cm contain approximately 65% of the 
biomass across the protected forests (Figure 1 
& 2). Most biomass was found within tree 
height of > 15 m accounting for 
approximately 75% of the biomass in the 
protected forests (Figure 3 & 4). 
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Table 1: Arboreal biodiversity and biomass estimates of the two protected forests 

Species diversity and Biomass estimates  Strict nature reserve 
Akure 

Osun Sacred grove 
Osogbo 

Numbers of individual stand/ha 437 263 
Numbers of species/ha 56 50 
Numbers of family/ha 23 19 
Shannon Wiener’s diversity index (H') 3.49 ± 0.16 3.20 ± 0.11 
Species Maximum diversity (Hmax) 4.03 3.91 
Species evenness (EH) 0.86 ± 0.03 0.82 ± 0.02 
Mean Dbh (cm) 78.4 ± 0.31 51.9 ± 0.28 
Dominant Dbh (cm) 145.5 92.6 
Mean Height (m)  24.3 ± 0.14 11.8 ± 0.12 
Dominant Height (m) 43.0 18.8 
Basal area (m2)/ha 9.42 3.27 
Volume (m3)/ha 880.58 300.48 
Biomass (Mg ha-1) 1235.72 418.54 
Carbon (Mg ha-1) 617.85 209.26 
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Figure 1: Biomass level at different diameter at breast height class Osun sacred grove, Osogbo 
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Figure 2: Biomass level at different diameter at breast height class strict nature reserve, Akure 
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Figure 3: Biomass level at different height class Osun sacred grove, Osogbo 
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Figure 4: Biomass level at different height class strict nature reserve, Akure 
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Relationship between Species diversity and 
biomass 

The relationships between measures of 
species diversity (Shannon Wiener 
biodiversity index), and biomass indicated 
linear regression model (Figure 5 & 6). 
Positive linear patterns fitted best for the 
relationship between biomass and species 
diversity in the two protected forests. The 
estimated biomass in strict nature reserve, 
Akure had significantly higher mean for 
species diversity (39.50, SD = 6.31), 
compared to the Osun sacred grove, Osogbo 
biomass estimates (M = 34.65, SD = 12.71; t 

= 2.26; df = 14; p = 0.06). The relationship 
indicated weak positive correlation between 
biomass and Shannon wiener index (r = 0.19, 
p = 0.01) and between biomass and species 
similarity index. The relationship between 
biomass and species diversity was not 
significant. The linear regression for strict 
nature reserve, Akure was (y = 0.1716x + 
12.067, R2 = 0.579), and Osun sacred grove, 
Osogbo was (y = 0.1938x + 4.6788, R2 = 
0.8073) for Shannon Wiener diversity index 
against biomass estimation in the two 
protected forests respectively (Figure 5 and 
6).  

y = 0.1716x + 12.067 
R² = 0.579 
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Figure 5: Plot of species diversity and biomass across the plots in strict nature reserve, Akure 
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Figure 6: Plot of species diversity and biomass across the plots in Osun sacred grove, Osogbo 
Discussion 

Forest ecosystems play a key role in the 
functioning of the biosphere, as they inhabit 
floral and faunal diversities in an ecosystem 
(EU 2008). Tropical forest ecosystems have 
the greater diversity of organisms, genetic 
material, and ecological processes in the 
world than any other ecosystem (Agbelade 
and Akindele 2013). Diversity of species can 
be increased with different management 
strategies and improved in situ approaches 
that specifically protect forms of unique 
ecosystems and ecosystems that are being 
threatened by anthropogenic activities. 
Species richness is the number of species per 
unit area in an ecosystem (Magurran 2004). 
Species diversity indices were used to 
measure the tree species found in this area of 
study which allows comparison and the 
higher the value, the greater the forest species 
richness. The importance of tree species 

diversity (3.49 in Akure and 3.20 in Osogbo) 
is an indication that the sites fulfilled the 
mandate of a plan to conserve biodiversity 
(UNEP 2008). Researches has indicated that 
the floristic diversity value of this study was 
in close comparison to that of other tropical 
forests across countries China, Andaman 
islands and Nigeria (Lu et al. 2010; Rajkumar 
and Parthasarathy 2008; Adekunle et al. 2006; 
Agbelade and Akindele 2013). 

Trees with large diameters (> 10 cm DBH) 
often make the largest contribution to biomass 
volume (Zheng et al., 2004; Alves et al. 2010; 
Djuikouo et al., 2010; Ekanayake et al. 2012). 
The majority of biomass in this study was 
found within taller trees and trees with a 
larger diameter. As well as holding the largest 
stocks of carbon within biomass, mature trees 
are often most impacted by forest degradation 
and deforestation (Gibbs et al. 2007). Mature 
and more species diverse forests are also 
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likely to provide greater ecosystem resilience, 
providing a better guarantee of the long-term 
persistence of forests and therefore the carbon 
pool, which is to be protected at the long run 
(Thompson et al., 2009). 

The results of this study indicated that there is 
a complex and highly variable relationship 
between species diversity and biomass within 
the two protected forests. The results of tree 
species assessment revealed that all the 
encountered trees in the study location were 
indigenous tropical hardwood species. This is 
an indication that the selected forests are 
repositories of many indigenous tropical 
hardwoods tree species that are of high 
economic and ecological values. The results 
of this work corroborated the earlier findings 
of Tripathi and Singh, (2009), Maliya and 
Datt, (2010); Adekunle et al., (2014) on tree 
species abundance in tropical forest 
ecosystems of Nigeria and India. The result 
was confirmed by the positive correlation 
between species diversity and biomass in the 
two protected forests. There are various 
sources or determinants which can influence 
carbon rich forests, management practices, 
species diversity distributions and forest 
disturbances (Day et al., 2013). High species 
richness associated with the tropical forests 
confirmed the effectiveness of the methods of 
protecting the forests.  

The forests have several canopy strata that 
optimize vertical growing space and structure 
of the protected forests. This has led to 
positive relationships between diversity and 
biomass in the two protected forests. These 
results are in agreements with the various 
studies which indicated that biodiversity had 
effect on biomass production of forests 
(Waide et al., 1999; Day et al., 2013; Zhange 
and Chen 2015). The above-ground biomass 
of tropical forests play an important role in 

the global carbon cycle and local estimate 
provide essential data that enable the 
extrapolation of biomass stocks of an 
ecosystem (Wittmann et al. 2008). Adekunle 
et al. (2014) reported that carbondioxde is 
absorbed from the atmosphere and moving it 
into the physiological system of the plants 
which is the biomass of tree and this biomass 
is recycled into the soil as natural nutrients 
available to plants.  Munishi and Shear (2004) 
reported over 300 Mg ha-1 carbon stock in 
Tazanian Eastern forests. The mean carbon 
stock density, (Akure 418.54 Mg ha-1 and 
Osogbo 209.26 Mg ha-1) of the study area is 
higher than the biome average estimate of 137 
Mg ha-1 and 156 Mg ha-1 for tropical 
savannah by (Trumper et al. 2009; Epple 
2012; Adekunle et al. 2014).  This is an 
indication that protected forests contributes 
largely to carbon sequestration and climate 
change mitigation. The result obtained from 
this research provides better estimate of 
biomass as a link directly with the 
relationship tree species diversity. Cantus-
Salazar and Gaston (2010) reported on the 
roles played by protected areas in biological 
conservation and mitigation of anthropogenic 
pressures on forest estates, which directly 
indicates the effectiveness of these protection 
methods and management on the different 
forests estates. The period of forests 
conservation will aid maturity of the forests 
and are likely to have a greater incidence of 
large trees. 

Conclusion  

This study indicates positive relationship 
between the species richness and the 
aboveground biomass in the two protected 
forests. Species richness could be affected 
directly by the aboveground biomass through 
the size of trees DBH and the height. The 
results of this research also demonstrate that 
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high variability exists between aboveground 
biomass and tree species diversity in different 
protected forests. Despite this variability these 
protected forests has indicated that high 
numbers of species diversity is more likely to 
produce higher biomass content, greater 
carbon storage and carbon sequestration. This 
variability has created uncertainty about 
carbon enhancement through tree species 
diversity conservation and protection 
programme. Further study is required into the 
causes of this variation and evidence of the 
relationship between species diversity and 
carbon storage. This will create certainty into 
the influence of tree species diversity 
ecosystem in carbon storage estimation and 
the functional relationships that exist between 
these forest variables. 
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