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A B S T R A C T   

Vegetation composition and structural diversity are important for biodiversity conservation and forest carbon 
storage.. Less attention has been paid to tropical forest vegetation characteristics and the carbon stock across 
different pools in Nigeria. This study presents the results of a rapid assessment and exploratory estimate of the 
woody species composition, biomass and carbon stock of six plots in order to gain quantitative insight into the 
carbon pools in the lowland forests across Southwest (SW) Nigeria. Using plot level quadrat (25 × 25 m) 
approach, this study explores the structural characteristic and carbon stock potential of the tropical natural 
forest. . Woody species composition, density, girth-size, height, basal area, and carbon stock from five major 
pools and their impact on total carbon storage were determined. A total of 89 woody species with mean density 
of 770.67/ha were enumerated and species structural composition, biomass and carbon stock differed among the 
investigated plots. Plots III and IV had the highest total number of species and woody density. The species di-
versity also varies across the plots, and ranged between 2.01 in Plot VI to 2.91 in Plot III. Although majority of 
the species present in Plots I, II, IV, and VI have lower species importance value index and smaller girth sizes, 
there were still few individuals with high girth-size. Above and below ground pools suggest that the study area 
has the capacity of storing between 145.17 to 745.57 Mg C ha− 1 of carbon. Carbon stock estimate of the 
aboveground pool (1,593.89 MgC/ha) was higher than the belowground pool (595.19 MgC/ha) and carbon 
contribution from litter (0.0203 MgC/ha) and herb (0.0067 MgC/ha) was quite low. Overall, these findings have 
shown that despite the ongoing anthropogenic disturbance, SW Nigeria tropical forest has considerable potential 
carbon sequestration.   

Introduction 

Tropical forests remain the most important component of global 
vegetation. Tropical forests cover about 1770 million hectares, serve as 
habitat for many species and account for approximately 40% of terres-
trial carbon storage (FAO 2016; Naveenkumar et al., 2017). Globally, 
tropical forest contributes about 200–300 petagrams of carbon (C), 
which is approximately 54% of the biotic C pool (Avitabile et al., 2016), 
and 39% of the atmospheric C pool (Le Quéré et al., 2016). They are 
unique in species composition and structural diversity probably due to 
high nitrogen deposition and adequate amount of water (Yu et al., 

2014), hence their exceptionality in terrestrial carbon accumulation. 
However, anthropogenic activities such as farming, selective logging, 
industrialization, demand for energy needs among others tend to affect 
species composition and structural diversity of tropical forest (Martí-
nez-Sánchez et al., 2016; Wang et al., 2019). 

The continuous deforestation and degradation of natural forests are 
harmful not only to forest C, but also to species composition, stand 
structure, woody diversity and thus creating an intricate fragmented 
landscape (Gibbs et al., 2007; Joshi and Dhyani, 2018). Between 1990 
and 2005, a decrease of 1.7% in the forest area with an annual change 
rate of 0.11% was reported across the globe (Satish et al., 2014; Khan 
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et al., 2020). Although, most tropical countries desire to safeguard 
biodiversity for climate mitigation (Chape et al., 2005), the conservation 
plans required to attain these aspiration remain debatable. As such, 
there is a need for quantitative data on research into the current spatial 
pattern of species-structural diversity and the subsequent C storage ca-
pacity of tropical natural forest ecosystem in many developing countries 
where such information is poor and fragmented. 

Previous investigations had reported the usefulness of floristic 
analysis and inventory for detecting spatial orientation and patterns in 
plant species composition and diversity (Martínez-Sánchez et al., 2016; 
Komolafe et al., 2017). Nevertheless, majority of these studies in Nigeria 
only document the structure and floristic composition and pay less 
attention to the aftermath of tropical natural forest structural dynamics 
in C storage under the ever-increasing anthropogenic disturbance. 
Generally, species composition and carbon storage are strongly inter-
twined. For example, species composition and stand structural diversity, 
typically characterized by tree diameter at breast height (DBH) and total 
height have direct effects on the aboveground biomass (AGB) (Ali et al., 
2016). The aboveground biomass in turn plays a critical role in influ-
encing aboveground C storage (Henry et al., 2009; Gebrewahid and 
Meressa, 2020). Tropical natural forest ecosystem is known to hold huge 
stock of biomass and have capacity to mitigate the impact of climate 
change. Kothandaraman et al., 2020 reported that 42, 8, 5 and 44% of 
the world C stock are locked in living biomass, deadwood, litter and 
mineral soil respectively. Indeed, greater biodiversity in tropical forest is 
known to promote C storage and bring about conservation-climate 
mitigation benefits (Gilroy et al., 2014; Pellegrini et al., 2016). How-
ever, there are differences in the biomass and C stock estimates among 
different tropical forests across the world (170.3–689.7 Mg/ha) (Dar and 
Sundarapandian, 2015). These variability could be due to different types 
of anthropogenic activities occurring in many of the tropical ecosystem 
and causing shifts in biomass of trees, shrub, and herbs through alter-
ation in species composition, abundance, as well as structural diversity 
(Gandhi, and Sundarapandian, 2017). Lack of forest inventories also 
contribute to this uncertainty. Deforestation and forest degradation have 
significant impact on biosequestration. Thus, estimating aboveground 
forest biomass carbon is the most critical step in quantifying carbon 
stocks and fluxes from tropical forests (Gibbs et al., 2007). According to 
Trumper et al. (2009), an undisturbed tropical forest has a Total C ab-
sorption (by photosynthesis) of about 30.4 tC per ha per year, C stored in 
above-ground biomass of 180 tC per ha, C stored in below-ground 
biomass of 64 tC per ha; C stored below-ground (soil and biomass) of 
226 tC per ha and Total C emission (by respiration) of about 24.5 tC per 
ha per year. On the other hand, 10 years after deforestation, the Total C 
absorption (by photosynthesis) reduced to 12.3 tC per ha per year, C 
stored in above-ground biomass reduce to 43 t C per ha, C stored in 
below-ground biomass of 12 tC per ha, C stored below-ground (soil and 
biomass) of 150 tC per ha, and Total C emission (by respiration) 
increased to 25.1 tC per ha per year.. 

Nigeria has the world’s highest deforestation rate (about 5% net 
forest loss annually) from 2010 to 2015 (FAO 2016b) and ranked 9th by 
wood removals - about 73,103m3 (FAO 2016a). Natural forest declined 
by about 16.6%, between 1976 and 1995 (FAO 2014; Oyebo et al. 2010). 
The Southwest (SW) Nigeria is one of the most biodiverse regions of 
Nigeria and harbors the very last vestiges of lowland rainforest 
(Agboola et al., 2019; Fasona et al., 2020; Fasona et al., 2020). The 
historical net rate of deforestation in SW Nigeria was − 1.1% and − 4.7% 
between 1986 and 2016 and 2006 to 2016 respectively. Primary forest 
decline by − 3.3% from 1986 to 2016 and − 10% from 2006 to 2016 
(Fasona et al., 2020). Decline in forest have significant impact for the 
volume of plant biomass and carbon sequestration capacity. Replacing 
natural forests (which are usually richer in carbon) with exotic planta-
tion such as Tectona grandis and Gmelina aborea through reforestation, 
which is now common in the forest area of SW Nigeria, also reduces the 
capacity of the forests to sequester carbon (Trumper et al. 2009, Olor-
unfemi et al. 2019). 

Nigeria has signed into several multilateral agreements on commit-
ment to climate change. Signatory countries to such agreements are 
required to ensure that sufficient emphasis is given to the afforestation 
and other land-use (AFOLU) sector (FAO 2016a). However, these 
agreements have had no appreciable positive impact on land manage-
ment in Nigeria (Fasona et al., 2020). 

The weakness posed by the lack of quantitative GHG inventory and 
carbon stock data in Nigeria was revealed by the recently released Third 
National Communication to the UNFCCC (FRN 2020). 

Lack of data with biomass stocks for assessment influence carbon 
stock estimation in Nigeria. Based on the Third National Communication 
under the UNFCCC, the net emissions in the AFOLU sector in Nigeria 
increased by 26.7% from 289,476 Gg CO2-eq in the year 2000 to 
366,734 Gg CO2-eq in 2016 with emissions from land accounting for 
about 85.0% (FRN 2020). Emission from changes within forestland and 
removals for harvested wood products were only estimated. 

This paper argued that the lack of quantitative data on the whole 
stand carbon of the remaining forests limits climate-tied and forest-
ry–driven carbon emissions mitigation financing in SW Nigeria. This 
also hampers the fulfillment of multilateral agreements and commit-
ment to climate change in Nigeria. The objective of this study is, 
therefore, to provide a rapid assessment and exploratory estimate of the 
woody species composition, biomass and carbon stock in order to gain 
quantitative insight into the carbon pools in the natural forests across 
SW Nigeria. At plot levels, we evaluate the trend of variations in tree 
biomass, density, basal area, and diversity indices and species impor-
tance. These are critical for investment decisions on land management- 
tied green financing for climate mitigation and adaptation in SW 
Nigeria. It is also consistent with the goals of GHG inventory (to know 
the sources and sinks) and Nigeria’s NDC and the Paris Agreement’s 
hope of a net GHG neutrality. 

Materials and methods 

Site description 

This study was carried out in the remaining natural forest areas of 
SW Nigeria lies between Latitudes 6◦ 00′ N - 9◦ 15′N and Longitudes 2◦

45′ E - 6◦ 00′ E, and comprising the six states of Ekiti, Lagos, Ogun, Ondo, 
Osun and Oyo (Fig. 1). The region experiences tropical sub-humid 
climate with distinct wet and dry seasons (Kottek et al., 2006). The 
average temperature is about 27 ◦C and the mean annual rainfall,75% of 
which is which is produced by mesoscale convective processes (Omo-
tosho and Abiodun 2007), ranges between 900mm in the north and 
3000 mm along the coast. The vegetation formations differ in species 
composition and structure, with the lowland rainforest, derived savanna 
and mangrove species dominating the area. The region has experienced 
tremendous environmental change with the natural forests declining 
from about 21,086km2 in 1986 to 13,944km2 in 2016 (Fasona et al., 
2020). Specifically, the net annual rate of loss of primary forest was 
about 3.3% from 1986 to 2016. Most of the remaining tracts of lowland 
forest (the second largest in Nigeria after the Cross-River lowland forest) 
is located within the Omo, Shasha, and Oluwa forest reserves – a forestry 
production reserve complex area shared by Ogun, Osun and Ondo states. 
Agricultural expansion activities and selective logging have continued to 
pose serious threats to the natural forests. 

Plot selection and vegetation sampling 

In order to gain a rapid exploratory knowledge of the species 
composition and carbon storage in this region, six (6) plots measuring 
25 m x 25 m were established in the remaining lowland forest vegetation 
in the study area. All woody plants sampled within these plots were 
identified up to species levels in the field or retrieved for subsequent 
identification. Voucher specimens of the identified species and those 
that were not completely identified in the field were collected and taken 
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to the Herbarium at the Botany Department in University of Lagos for 
documentation and proper identification. Girth at breast height (GBH) 
was measured at greater than or 3 m high and those < 3 m height at 
midpoint using a measuring tape. Tree height was determined following 
tangent method by measuring the vertical length between the lowest 
and the tallest living parts for all trees >3 m using the Haglof 
Clinometer. 

Five samples of litters standing crop was randomly collected from 
each plot by laying 1 m x 1 m quadrats, the litter in each quadrat 
collected, oven-dried at 80 ◦C to constant weight and ground for 
chemical analysis. Five 1 m x 1 m quadrats were randomly laid also in 
each sample plot, the herbaceous species identified, clipped at ground 
level, oven dried at 80 ◦C to constant weight, weighed and ground for 
chemical analysis. The weights of the litters and herbs were converted to 
Mg ha− 1. 

Data analysis 

Species composition and structural diversity estimation 

The data obtained from the field identification were used to establish 
species composition of each studied plot. Plants were classified into 
species, genera and families. Stand structure was described using the 
parameters including stem density, basal area and species importance 
value index (IVI), Shannon-Wiener (Hʹ), diameter at breast height (DBH) 
and height (H0). Stem density per hectare was calculated for all the 
enumerated woody species using the number of individuals divided by 
sample area. The basal area for each species was calculated using the 
formula 

Basal area
(
m2ha− 1) = c2/4π  

Where C is girth at breast height in meter and π, is pie (3.142). 
Species diversity was calculated for each plot as Shannon-Weiner 

diversity using the formula: 

H
′

= −
∑

PilnPi  

Where Hꞌ = Shannon-Weiner index, Pi = Relative abundance of each 
species, calculated as the proportion of individual of a given species to 
the total number of individuals (Ni) in the plot (ni/N) 

ln = natural logarithm 
For each identified species, the relative dominance, relative density 

and relative frequency were calculated and used to determine the spe-
cies importance value indices. The relative density, relative dominance 
and relative frequency was calculated using the following equations. 

Relative density =
Number of individual of one species x100
Total number of all individuals counted  

Relative Dominance =
Basal Area per species x100

Total Basal Area  

Relative frequency =
Frequency of each species x100

Sum of frequency values of all species  

Species Importance Value =

Relative Density + Relative Dominance + Relative Frequency  

Fig. 1. Map of Southwest Nigeria showing the sampled plots.  
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Determination of specific gravity 

The stem core of woody species in the plots was taken at breast 
height using a stem increment borer (JIM-GEM) for the determination of 
specific gravity and carbon content. Green volume of each piece was 
measured accurately by water displacement approach (Wiemann and 
Williamson 1988, 1989a, 1989b). A graduated cylinder was filled with 
water, placed on a balance and tared to zero. The core wood sample was 
held beneath the surface of water in the cylinder for some minutes to 
permit water to fill air spaces using needle and the weight was 
measured. The measured weight of displaced water is equivalent to the 
sample’s volume (green volume). The pieces were then oven dried at 
103 ◦C to constant weight (24 – 48 h) and weighed. The specific gravity 
of the stem core of woody species was calculated using: 

Specific Gravity, ρ = Weight of oven dried stem core/Green Volume  

Estimation of above and below ground biomass 

Generally, the above ground biomass (AGB) of a tree can be calcu-
lated using parameters such as trunk diameter, diameter at breast height 
(DBH), height and wood specific gravity (Chave et al., 2005, Chabi et al. 
2016). The accuracy of biomass density, net ecosystem production 
(NEP), and net biome production (NBP) depends on the availability of 
reliable Allometric models (Chabi et al. 2016). In a suite of potential 
models, the goodness of fit and complexity are critical to selecting the 
model that best approximates the true processes occurring in the 
observed data (Burnham and Anderson 1998). In this study, we used 
DBH, specific gravity and tree total height to estimate the aboveground 
biomass through allometric equation given by Chave et al. (2005). DBH 
was calculated from the measured GBH using the following equation 

DBH =
GBH

π  

Where: GBH = Girth at Breast Height, π = 22/7 
The allometric equation below was used for the estimation above 

ground biomass: 

Biomass (Kg) = exp ( − 2.977+ ln (ρD2H))

Where D is the diameter at breast height, ρ is the specific gravity and H is 
the height of the individual tree species. 

Below-ground biomass (BGB) of a tree is linked to its AGB and can be 
estimated based on the root: shoot ratio. Thus, the following equation 
according to Cairns et al. (1997), Ravindranath and Ostwald (2008) was 
used for the estimation of BGB; 

BGB (kg) = 0.26 x Aboveground biomass (kg)

The carbon concentration in the aboveground biomass was deter-
mined by oven drying each woody stem core at 80 ◦C to constant dry 
weight and ground for carbon concentration analysis with Leco CHN 
Elemental Analyzer. 

The biomass of herbaceous species and understory litter was deter-
mined through their dry matter content. 

Carbon storage in soils and aboveground vegetation 

Soil carbon stock was calculated using the soil bulk density and the 
carbon content as described by Marín-Spiotta and Sharma (2013); 

Mg C ha − 1 = (% C / 100)x Db x Soil depth x 100  

where C = carbon concentration, Db = Bulk Density (gcm− 3) and Soil 
Depth is in cm. 

For the determination of Carbon stored in the vegetation (tree, litter 
and herb), the respective biomass was multiplied with the correspond-
ing carbon content. The amount carbon dioxide sequestered per hectare 

was calculated by multiplying a factor of 3.67 with the value of carbon 
storage. 

Results 

Structural characteristics of the studied stands 

A total of 89 woody species of varying density were enumerated 
across the sampled plots in the lowland forest of SW Nigeria (Table 1). 
Plots III and IV had the highest number of species. Total density differed 
among the plots such that Plot III had the highest total woody density. 
Plot VI had the least total woody density, but highest basal area and 
species evenness. The mean density of the woody species is 770.67/ha. 
There were high variations in the density and importance values of in-
dividual species (Table 2 and 3). Pterocarpus santalinoides in plot IV had 
the highest woody density, followed by Diospyros dend, Alstonia boonei 
and Funtumia Elastica in plots I, II and IV, respectively (Table 2). For the 
species importance values, Malancantha alnifolia (47.27), Terminalia 
catapa (93.80), Myrianthus arborea (29.55), Elaeis guineensis (44.39), 
Elaeis guineensis (33.42) and Pterocarpus santalinoides (48.88) in plot I, II, 
III, IV, V and VI respectively had the highest importance values among 
the species enumerated (Table 3). 

The species diversity varies across the plots and ranged between 
2.014 in plot VI to 2.911 in Plot III. The girth size distribution of the 
woody species showed that girth class of 0–20 cm and 21–40 cm had the 
highest number of individuals for most of the Plots. At higher girth size 
class (61–80; >80), Plots II, III, IV, V and VI had few number woody 
species (Fig 2). Most of the woody species in Plots II, V and VI lies within 
the girth size class 21–40 and 41–80, whereas, in Plots III and IV most 
woody species fall within girth size class of 0–21 and 21–40. 

Biomass and carbon stock allocation in different pools across the plots 

The total biomass across the six studied plots in lowland forest of SW 
Nigeria was 277,047.64 kg. Plot I had the highest total biomass of 
99,139 kg, followed by plot II (Table 4). The total biomass of the other 
plots was generally low. Across the plots, aboveground tree, expectedly, 
contributed the highest biomass, followed by belowground. The 
contribution of herbs was very low and varied from 0.02 kg in plot V to 
0.229 kg in plot I. Similarly, litter contribution to the total biomass was 
low and varied from 0.347 kg in plot V to 0.478 kg in plot I (Table 4). 
The CO2 sequestered ranged between 75.83 in plot IX to 1316.56 in VI 
(Fig 3). 

Carbon pools in the remaining lowland forest of SW Nigeria 

The total carbon stock estimate of the above ground pool (tree, herb 
and litter) across the six plots was 1683. 89 Mg C ha− 1, which is higher 
than the total belowground C pool (Table 5). The total belowground C 
pool was 595.19 Mg C ha− 1

, of which soil at 0–15 cm depths contributed 
138.29 Mg C ha− 1

, while root contributed 457.33 Mg C ha− 1(Table 5). 
Plot I had the highest above and belowground C stock of 555.96 and 
189.61 Mg C ha− 1 respectively, followed by plot II (543.25 and 175.54 
Mg C ha− 1), while plot V had the least (98.67 and 46.5 Mg C ha− 1). The 
percentage contribution of tree, herb, litter, root and soil to the total 
carbon stock in SW tropical natural forest were 72.81%, 0.0003%, 
0.0009%, 20.89% and 6.30% respectively. The proportion of above and 
belowground biomass to the total carbon stock were 72.81% and 
27.19% respectively. 

Discussion 

Structural characteristics of the remaining lowland forest of SW Nigeria 

In this study, species structural composition varies across the 
remaining lowland forest and this is consistent with previous studies 
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(Behera et al., 2017; Sainge et al., 2020). We found that the total woody 
density varies across the lowland natural forest such that plot III had 
highest total woody density. The higher total woody density in plot III 
could be attributed to high species composition and diversity than the 
other plots, and indicated that they contain individuals with greater 
resistance against anthropogenic disturbance and better structural 
strength to recruit under all conditions (Silva et al., 2013). 

Although, majority of the species present in plots I, II, IV, and VI have 
lower IVI values and smaller girth sizes, there were few individuals with 
high density. This highlights the ongoing rarity in the Nigeria tropical 
forest possibly due to intense selective logging and farming activities 
and underscores the needs to prioritized conservation. Generally, the 
tropical forest across the world are under threat to the extent that even 
the vast tropical forests of South and Central Americas have decreased to 
<10% of their original level (Banda et al., 2016; Sainge et al., 2020). 
This global deforestation trend is also noted across the study area 
(Fasona et al., 2020). Thus, there were low number of species and 
evenness across the investigated plots, which reinforces the huge threat 
to the remaining lowland forest of SW Nigeria. 

Despite the low woody density in plots I and VI, their total basal area 
was higher than those of the other plots. This could be attributed to the 
presence of more species at higher girth size class than in the other plots. 
This suggests that although the lowland forests are undergoing degra-
dation, plot I and VI still harbor some larger individual species. This is 
consistent with field checks which shows that plot (I and II) lies within 
an area that has been secured as part of an elephant corridor in the Omo 
forest reserve. The mean basal area reported for the remaining lowland 
forest of SW Nigeria are close to existing studies. The 23.23 m2 ha− 1 

mean basal area reported was relatively higher that than 22.54 m2 ha− 1 

reported by Adekunle et al. (2004) in SW Nigeria. But it is lower than the 
pan-tropical average of 32 m2 ha− 1 reported by Dawkins, (1959) and 
32.3 m2 ha− 1 reported by Small et al. (2004) in Brunei. This may be 
explained by the fact that the last two studies were conducted within 
equatorial rainforests that are more biodiverse, with less disturbance, 
and with trees of higher girth sizes. 

Biomass and carbon stock in vegetation 

Above-and belowground biomass is an intrinsic parameter for eval-
uating carbon stock and other ecological processes in several ecosystem 
(Behera et al., 2017; Komolafe et al., 2020). In this study, it was found 
that the remaining lowland forest of SW Nigeria has the capacity of 
storing between 145.17 to 745.57 Mg C ha− 1 of carbon. However, there 
were variation in aboveground biomass across the studied plots which 
might be due to different tree growth stages and tree density. Among the 
investigated plots, plot I had the highest above-and belowground 
biomass that exceed those of other plots, while plot V had the least. This 
is consistent with field checks which reveal that plot I lies within a 
protected wildlife corridor while plot V lies within a highly degraded 
forest reserve. 

Expectedly, the aboveground biomass was higher than the below-
ground biomass across the studied plots, indicating that the woody 
species in the study area invest more biomass in bark than in the root. 
Furthermore, the observed differences in the biomass might be due to 

Table 1 
Summary of vegetation characteristics of study plots of lowland rainforest in Southwestern Nigeria.  

Characteristics Plot Mean Plot 
I II III IV V VI 

Density/ha 672 768 1040 864 768 512 770.67 
Basal Area m2/ha 24.074 13.779 11.742 10.187 13.046 66.525 23.23 
Shannon-Weiner 2.491 2.343 2.911 2.786 2.732 2.014 2.546 
Evenness 0.178 0.195 0.146 0.155 0.171 0.224 0.178 
No of Family 12 8 14 13 13 9 12 
No of Tree Species 14 12 20 18 16 9 15 

I: Etemi (Omo Biosphere), II: Erin Camp (Omo Biosphere), III: Shasha, IV: Obokun, V: Okeluse, VI: Ayedaade. 

Table 2 
Density of woody species in lowland rainforest vegetation in SW Nigeria.  

Species I II III IV V VI 
Albizia ferruginea 0 0 64 0 48 0 
Albizia zygia 0 0 0 0 64 0 
Alstonia boonei 0 112 0 0 0 0 
Antiaris toxicaria 0 0 0 48 0 0 
Anthocleista djanolensis 80 0 0 0 0 0 
Anthonota macrophylla 0 0 0 48 0 0 
Baphia nitida 64 0 48 0 0 0 
Canthium spp 0 0 0 0 0 32 
Ceiba petandara 0 48 0 0 0 48 
Celtis mildbraedi 0 48 48 0 0 0 
Celtis zenkeri 0 0 0 32 0 0 
Cleistopholis patens 0 0 0 0 80 48 
Cola gigantea 0 0 0 0 48 0 
Cola milleni 48 0 0 0 32 0 
Cola nigerica 16 64 0 0 0 0 
Cordia spp 16 0 0 0 0 0 
Diospyros barteri 0 64 48 0 0 0 
Diospyros canaliculata 32 64 0 0 0 0 
Diospyros dendo 112 96 0 0 0 0 
Diospyros mesipiliformis 0 0 48 0 0 0 
Dracaena manni 48 0 48 0 0 0 
Elaeis guineense 0 0 0 32 32 0 
Ficus exasperata 0 0 96 64 0 0 
Ficus mucoso 0 0 48 0 0 0 
Ficus sur 0 0 0 0 0 48 
Funtumia Elastica 0 112 96 112 48 0 
Holarhena floribunda 0 0 0 48 64 0 
Irvingia gabonenese 0 0 0 32 0 0 
Lecanodiscus cupanoides 0 0 0 32 32 0 
Macaranga barteri 32 0 48 48 0 0 
Malacantha alorifolia 64 0 0 0 0 0 
Microdesmis puberula 0 0 0 32 32 0 
Milicia excelsa 0 0 0 0 48 0 
Morus mesozyia 0 0 0 16 0 0 
Musanga cecropoides 0 0 32 0 0 0 
Myrianthus arboreus 0 0 80 0 48 0 
Napoleana vogelli 48 0 0 96 32 48 
Newbouldia laevis 0 0 64 64 48 0 
Picralima nitida 0 96 48 0 0 0 
Pterocarpus osun 0 0 48 0 0 0 
Pterocarpus santalinoides 0 0 0 0 0 160 
Pterygota macrocarpa 0 0 0 32 0 0 
Pycnanthus angolense 32 0 0 0 0 0 
Raphia spp 0 0 0 0 0 48 
Rauvolfia vomitoria 64 0 32 48 0 0 
Ricinodendron heudelotii 0 0 0 48 48 0 
Scottelia corriaceae 16 0 64 0 0 0 
Spondias mombin 0 0 0 0 64 64 
Staudthia stipitata 0 0 0 32 0 0 
Sterculia rhinopetala 0 0 16 0 0 0 
Strombosia postulata 0 32 0 0 0 0 
Terminalia catapa 0 16 0 0 0 0 
Tithonia diversifolia 0 0 48 0 0 0 
Zanthoxylum zanthoxyloides 0 16 16 0 0 0 
Unidentified 0 0 0 0 0 16 
TOTAL 672 768 1040 864 768 512 

I: Etemi (Omo Biosphere), II: Erin Camp (Omo Biosphere), III: Shasha, IV: 
Obokun, V: Okeluse, VI: Ayedaade. 
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the level of disturbance and degradation across the investigated plots. 
The findings of our study indicated that the total carbon gain across the 
plots followed the pattern of biomass. Although, the contribution from 
other pools sometimes altered this pattern, this was not so in this study 
as the herb and litter biomass contributions are quite low. The above-
ground carbon stock range of 98.67–555.96 Mg C ha− 1 in this study was 
higher than the 146–275 Mg C ha− 1 reported by Nasi et al. (2009) for 
lowland moist tropical forests in Congo Basin and 115–171 Mg C ha− 1 

for African moist tropical forests (Brown, 1997; Achard et al., 2004). The 
differences between the carbon stock recorded in this study and those of 
other studies indicates a variation linked with the local realities, and 
could be attributed to factors such as species composition, climate, 
nutrient conditions, topography, forest age, disturbance, as well as the 
allometric model equation used (DeCastilho et al., 2006; Hertel et al., 

2009). Previous study had reported that soil can store the highest carbon 
volume in the forest because of accumulation of vegetation material 
over the years. On the contrary, the carbon store in the soil was far lesser 
than those stored in the roots and tree, but higher than those of herbs 
and litter. The higher carbon stored in the root compared to the soil 
pointed to unique ability of species in the lowland forest of SW Nigeria to 
increase root length and use water from deeper source (Zhang et al., 
2014). 

Finally, the findings suggest that despite the high rate of deforesta-
tion and forest degradation in Nigeria generally and SW Nigeria in 
particular, the lowland forests possesses substantial potential to attract 
ecosystems-based and land management-tied climate mitigation in-
vestments for CO2 emission reduction. This applies strongly to the areas 
where plots I and II are located (being a biosphere where illegal clearing 

Table 3 
Species Importance Value of Woody species enumerated across the study plots in lowland rainforest in South Western Nigeria.  

SPECIES (NF) Plot SIV(MEAN) 
I II III IV V VI 

Albizia ferruginea 0.000 0.000 12.943 0.000 23.255 0.000 6.033 
Albizia zygia 0.000 0.000 0.000 0.000 16.356 0.000 3.271 
Alstonia boonei 0.000 24.228 0.000 0.000 0.000 0.000 4.038 
Antiaris toxicaria 0.000 0.000 0.000 13.892 0.000 0.000 2.315 
Anthocleista djanolensis 20.772 0.000 0.000 0.000 0.000 0.000 3.462 
Anthonota macrophylla 0.000 0.000 0.000 12.497 0.000 0.000 2.083 
Baphia nitida 17.473 0.000 11.727 0.000 0.000 0.000 4.867 
Canthium spp 0.000 0.000 0.000 0.000 0.000 18.268 3.045 
Ceiba petandara 0.000 23.207 0.000 0.000 0.000 21.621 7.471 
Celtis mildbraedi 0.000 23.207 16.493 0.000 0.000 0.000 6.617 
Celtis zenkeri 0.000 0.000 0.000 9.665 0.000 0.000 1.611 
Cleistopholis patens 0.000 0.000 0.000 0.000 25.169 21.482 7.775 
Cola gigantea 0.000 0.000 0.000 0.000 17.275 0.000 2.879 
Cola milleni 30.804 0.000 0.000 0.000 15.304 0.000 7.685 
Cola nigerica 12.265 16.759 0.000 0.000 0.000 0.000 4.837 
Cordia spp 12.578 0.000 0.000 0.000 0.000 0.000 2.096 
Diospyros barteri 0.000 16.799 11.875 0.000 0.000 0.000 4.779 
Diospyros canaliculata 14.268 17.763 0.000 0.000 0.000 0.000 5.339 
Diospyros dendo 34.683 21.661 0.000 0.000 0.000 0.000 9.391 
Diospyros mesipiliformis 0.000 0.000 12.959 0.000 0.000 0.000 2.160 
Dracaena manni 18.913 0.000 12.200 0.000 0.000 0.000 5.185 
Elaeis guineense 0.000 0.000 0.000 44.388 33.417 0.000 12.967 
Ficus exasperata 0.000 0.000 17.158 14.424 0.000 0.000 5.264 
Ficus mucoso 0.000 0.000 18.406 0.000 0.000 0.000 3.068 
Ficus sur 0.000 0.000 0.000 0.000 0.000 21.009 3.501 
Funtumia elastica 0.000 24.701 19.000 28.014 15.826 0.000 14.590 
Holarhena floribunda 0.000 0.000 0.000 12.777 22.086 0.000 5.810 
Irvingia gabonenese 0.000 0.000 0.000 9.759 0.000 0.000 1.627 
Lecanodiscus cupanoides 0.000 0.000 0.000 10.284 17.228 0.000 4.585 
Macaranga barteri 12.567 0.000 10.072 11.922 0.000 0.000 5.760 
Malacantha alorifolia 47.266 0.000 0.000 0.000 0.000 0.000 7.878 
Microdesmis puberula 0.000 0.000 0.000 9.945 12.377 0.000 3.720 
Milicia excelsa 0.000 0.000 0.000 0.000 14.379 0.000 2.396 
Morus mesozyia 0.000 0.000 0.000 7.532 0.000 0.000 1.255 
Musanga cecropoides 0.000 0.000 20.685 0.000 0.000 0.000 3.447 
Myrianthus arboreus 0.000 0.000 29.551 0.000 17.447 0.000 7.833 
Napoleana vogelli 14.950 0.000 0.000 18.163 11.027 22.363 11.084 
Newbouldia laevis 0.000 0.000 14.569 23.396 12.958 0.000 8.487 
Picralima nitida 0.000 22.151 12.904 0.000 0.000 0.000 5.843 
Pterocarpus osun 0.000 0.000 12.655 0.000 0.000 0.000 2.109 
Pterocarpus santalinoides 0.000 0.000 0.000 0.000 0.000 48.880 8.147 
Pterygota macrocarpa 0.000 0.000 0.000 10.364 0.000 0.000 1.727 
Pycnanthus angolense 33.586 0.000 0.000 0.000 0.000 0.000 5.598 
Raphia spp 0.000 0.000 0.000 0.000 0.000 22.988 3.831 
Rauvolfia vomitoria 18.319 0.000 8.755 17.642 0.000 0.000 7.453 
Ricinodendron heudelotii 0.000 0.000 0.000 26.593 21.279 0.000 7.979 
Scottelia corriaceae 11.557 0.000 25.105 0.000 0.000 0.000 6.110 
Spondias mombin 0.000 0.000 0.000 0.000 24.619 23.907 8.088 
Staudthia stipitata 0.000 0.000 0.000 18.743 0.000 0.000 3.124 
Sterculia rhinopetala 0.000 0.000 8.734 0.000 0.000 0.000 1.456 
Strombosia postulata 0.000 12.953 0.000 0.000 0.000 0.000 2.159 
Terminalia catapa 0.000 93.798 0.000 0.000 0.000 0.000 15.633 
Tithonia diversifolia 0.000 0.000 14.422 0.000 0.000 0.000 2.884 
Zanthoxylum zanthoxyloides 0.000 11.182 7.304 0.000 0.000 0.000 3.081 
Unidentified 0.000 0.000 0.000 0.000 0.000 99.482 16.580 

I: Etemi (Omo Biosphere), II: Erin Camp (Omo Biosphere), III: Shasha, IV: Obokun, V: Okeluse, VI: Ayedaade. 
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of timber trees are restricted) and to lesser extent, the other areas that 
are not protected. Forest areas around plots I and II have been identified 
as wildlife corridor through the initiative of the Omo-Shasha-Oluwa 
Forest Elephant project being driven by the Paignton Zoo and the 
Nigerian Conservation Foundation (Fasona et al., 2018)). However, this 
area located in the inner core of Omo forest reserve, is not protected with 
any law or regulations by the government of Ogun State who has 
jurisdiction over the area. Based on the total ecosystem Carbon in the 
entire forests where the plots are located, this presents tremendous po-
tentials to benefit from global climate mitigation and adaption 
enhancing funds including the Green Climate Fund (GCF), Adaptation 
Fund (AF) and the REDD+ initiative. It should also be attractive to 
private investors that are looking for opportunities for portfolio greening 
and to offset or reduce their carbon footprints through green bonds. A 
successful packaging of the remaining forests for climate finance 
mechanisms will serve several purposes including: enhancing carbon 
sequestration and reducing CO2 emissions, preserving the ecosystem 
and green infrastructure for wildlife corridors, protecting the lowland 
forests from further deforestation and degradation, providing 

ecosystem-compatible livelihoods for the local population, and 
providing sustainable alternative revenue generation model, compara-
ble to the heavy targets on logging and wood harvesting, to the state 
governments where the remaining forests are located. On the long run, it 
will help to reduce Nigeria’s CO2 emission from the AFOLU sector and 
thus contributing towards the achievement of the NDC and the sus-
tainable development goals. 

Conclusion 

The findings from this study revealed differences in woody species 
composition, diversity, girth-size class, basal area as well as species 
important values across the study plots in the SW Nigeria tropical nat-
ural forest. Also, the allocation of biomass and carbon stock of the major 
pools: above ground tree, herbs, litter, root and soil differed across the 
studied lowland forest. This result indicate variation in the intensity of 
anthropogenic disturbance across the remaining tropical lowland forest 
with the density of some plots (such as Plot III) higher than others. The 
total basal area of Plots VI, I, II, and V were higher than that of III which 

Fig. 2. Girth Size Distribution of Woody Plants in Forest in Southwestern Nigeria.  

Table 4 
Biomass (kg) of the study plots across the lowland rainforest vegetation in Southwestern Nigeria.  

Component I II III IV V VI 
Tree Above ground 78,681.18 72,725.7 17,015.18 22,818.77 13,277.72 15,350.73 
Herb 0.229 0.1 0.182 0.171 0.02 0.157 
Litter 0.478 0.406 0.4 0.443 0.347 0.403 
Tree Below ground 20,457.11 18,908.68 4423.95 5932.88 3452.21 3991.19 
Total 99,139 91,634.89 21,439.71 28,752.26 16,730.3 19,342.48 

I: Etemi (Omo Biosphere), II: Erin Camp (Omo Biosphere), III: Shasha, IV: Obokun, V: Okeluse, VI: Ayedaade. 
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has highest woody density. The remaining lowland forest in SW Nigeria 
showed appreciable levels of carbon stock and carbon sequestration 
rate. Plots I and II which had the highest total biomass also had the 
highest carbon stock. Overall, the remaining lowland forests of SW 
Nigeria possess tremendous potentials to benefit from global climate 
mitigation and adaption enhancing funds including the Green Climate 
Fund (GCF), Adaptation Fund (AF) and the REDD+ initiative as well as 
private investments in portfolio greening and carbon offset and carbon 
footprints reductions. . 
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Le Quéré, C., Moriarty, R., Andrew, R.M., Peters, G.P., Ciais, P., Friedlingstein, P., 
Jones, S.D., Sitch, S., Tans, P., Arneth, A., Boden, T.A., Bopp, L., Bozec, Y., 
Canadell, J.G., Chini, L.P., Chevallier, F., Cosca, C.E., Harris, I., Hoppema, M., 
Houghton, R.A., House, J.I., Jain, A.K., Johannessen, T., Kato, E., Keeling, R.F., 
Kitidis, V., Klein Goldewijk, K., Koven, C., Landa, C.S., Landschützer, P., Lenton, A., 
Lima, I.D., Marland, G., Mathis, J.T., Metzl, N., Nojiri, Y., Olsen, A., Ono, T., Peng, S., 
Peters, W., Pfeil, B., Poulter, B., Raupach, M.R., Regnier, P., Rö- denbeck, C., 
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