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Abstract 

The study area is endowed with few tree species which the diversity, classification based on 

utility and regeneration potential have not been documented. This study aimed at 

generating data on the species composition and diversity; determine the regeneration 

status of plant community of the Kurba Forest Reserve. A kilometer line transect was laid 

with four sample plots established (30 × 30 m) which was used for measuring the tree on 

interval of 100m from each plot. 5×5 m subplot was laid out at the center of each plot for 

measuring sapling while 2×2 m subplots was also used to determine the frequency and 

abundance of wildings. Species diversity was determined using the Shannon-Wiener index. 

A total of forty four (44) tree species belonging to 6 families; 88 sapling distributed into 10 

families and 76 wildlings were identified in the study site. Fabaceae was the richest family 

represented by seven (7) species while Cassia arereh had the highest number of individual 

with an average of (10) followed by Tamarindus indica (9) and Diospyros misfiliformis (8) 

trees per hectare. Cassia arereh had the highest number of Important Value Index of 58.174. 

Shannon-Wiener diversity index was evaluated to be (1.94) and (2.21) for tree species and 

saplings respectively. The regeneration status of the forest indicated that there is high forest 

degradation and severe anthropogenic activities in the area, dominated by Dichrastachys 

cinerrea, Cissus quandrangularis and Lepidendron stemberg. Therefore, it is highly 

recommended that conservation of species, ecosystem restoration, and sustainable use of 

the forest genetic resources must be encouraged. 
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Introduction  
Forest plays an important role in the 

global terrestrial ecosystems with the 

economic development and population 

growth. Forest ecosystems are being 

rapidly degraded or endangered in many 

regions of the world (Li et al., 2009). 

Forest fragmentation due to land use is a 

major reason for the declining biodiversity 

in forest ecosystems and considered to be 
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a primary threat to terrestrial biodiversity 

(Cakir et al., 2008; Pichancourt et al., 

2006; Arms et al., 2004 and Harris, 1984). 

Quantitative and spatial forest change 

information is critical for addressing many 

pressing issues including global climate 

change, carbon budgets and sustainability. 

Species Diversity is measured through 

a combination of species richness (the 

number of species present) and species 

evenness (the abundance of each species). 

Species richness and evenness can be 

combined into a single indicator in 

ecology the Shannon Index is commonly 

used. The area of the forest and the area 

occupied by each species is needed to be 

known in evaluating species diversity. 

This information can come from a forest 

survey or from inventory data. Species 

diversity can be calculated at many scales, 

whether for a forest management unit, the 

whole forest area, regionally, or even 

generally the larger the forest area the 

more species are present, we need to 

consider this when comparing forests 

(Davies et al., 2009).  

Nigeria’s forest resources have been 

declining steadily due to the rapid growth 

of population and urban expansion, 

persistence of shifting cultivation and the 

ever-increasing demand for forest 

product, especially fuel wood (Kehinde et 

al., 2009). FAO, (1987) noted that if that 

trend of timber exploitation persists in 

Nigeria, the useful timber resources would 

be exhausted by the year 2010. Indeed, 

presently most of the useful tree resources 

have disappeared from our forest and even 

farms. Unless, these trees are reproduced 

and re-established in our forest and farms, 

they would soon become permanently 

extinct (Okonkwo, 2010). According to 

FAO (1997), the pressure of growing 

population in developing countries has 

forced landless farmers unto soils which 

cannot sustain crop production and slopes 

that cannot be cultivated safely. It is also 

compounded by consistent influx of 

migrant from neighboring countries, 

resulting in overgrazing and continuous 

over exploitation of marginal lands. This 

has in turn aggravated the twin problem of 

drought and desertification. Increasing 

demand for land has also intensified 

deforestation; the traditional system of 

Agriculture is largely characterized by 

clearance of vegetation (Okonkwo, 2010). 

Tree regeneration is described as the 

act of renewing tree cover by establishing 

young trees naturally or artificially, after 

the previous stand or forest has been 

removed (Teketay, 2005). The method, 

species and density are chosen to meet the 

goal of the landowner. Regeneration can 

be natural (coppicing, self-sown seeds and 

root suckers) or artificial (planting), 

(Sankar and Devi, 2014). A successful 

regeneration is indicated by the presence 

of sufficient number of seedlings, saplings 

and young trees in a given population and 

the number of seedlings of any species can 

indicate the regeneration potential of that 

species (Negi and Nautiyal, 2005). Tree 

regeneration is a central component for 

tropical forest ecosystem dynamics and is 

essential for preservation and 

maintenance of biodiversity (Rahman et 

al., 2011). A stand may have sufficient 

seedlings per hectare; there may be areas 

where seedling density is below what is 

required to maintain site productivity and 

good tree form. Several types of 

disturbances like logging, landslides, 

extraction, etc. can affect the potential 

regenerative status of species in forest 

stand spatially and temporally. Therefore, 

the study focused on the assessment of 

plant species diversity, composition and 
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regeneration in the Kurba Forest Reserve 

with the view of selecting better 

management plan. 

 

Materials and Methods 

Study Area 
The study was conducted in Kurba 

Forest Reserve. Experimental site is 

situated at the district of Kurba under 

Giade Local Government Area of Bauchi 

State. Kurba district falls between 

latitudes 14°8′N to 14°28′N and 16°20′E 

to 16°40′E longitude with a total area of 

34,234Km2 of which 50% comprised of 

protected forest, 40% Agricultural land, 

and the remaining 10% are of open graze 

land (Bauchi State Agricultural 

Development Program, 2010). The area 

has a mean annual rainfall of about 

696.4mm which last usually within three 

to five months. The mean temperature 

ranges from 27oC to 38oC during wet and 

dry season of the year, around (May to 

August) marked by semi-cold and wet 

weather plus cloudy environment; the dry 

and hot season, (March to mid-May) with 

high temperature (Bauchi State 

Agricultural Development Program, 

2016). 

Sample Plots Demarcation 
One kilometer base line was laid; the 

laying of the plots was carry out using the 

systematic line transects. A transect was 

centrally located in the forest where four 

(4) of sample plots of 30×30m was laid in 

alternate site at 100m interval, using this 

method ensure that the forest is relatively 

covered. Therefore, a total of 3,600m2 was 

sampled in the study site (Salami and 

Akinyele, 2018; Onyekwelu, 2008; 

Adekunle, 2007). Furthermore, 5×5 m 

subplot was laid out at the center of each 

plot for measuring sapling while 2×2 m 

subplots was also use to determine the 

frequency and abundance of wildings 

(Falade, 2016).

 
Fig. 1: Showing map of Kurba Forest Reserve 
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Data Collection 

Floristic Survey 
A reconnaissance survey was 

conducted to become familiar with the 

study site and the relevant information 

was collected from the district head of 

Kurba, Local Government Secretariat 

Department of Agriculture, and Forestry 

Unit. In order to have an idea of species 

diversity of the whole study area, a 

number of field visits was conducted at the 

advent of the field work.   

Plant stems were sampled 

systematically which is classified into 

three major developmental stages (trees, 

saplings and wildlings). Trees are defined 

as the stems greater than 10cm diameter at 

breast height (dbh). Saplings of stem less 

than 10cm dbh with height equal to the 

1.5m, but greater than 5cm with 

circumferences of 10cm at ground level. 

Survey on the status structure, 

composition, and diversity of the study 

was carried out. Necessary information 

was collected through extensive field 

observations of the area. The study was 

based on the data collected from the field 

through physical measurement, and 

review of relevant literature on similar 

previous articles based on species 

diversity in Kurba Forest Reserve. 

 

 

Enumeration and Measurement of 

Trees, Saplings and Wildlings 
For enumeration of tree stems, 

transects of 30×30m was laid in to the 

plots. All tree stems within each plots was 

marked with numbered of tags at 5cm 

above the point of breast height for future 

measurement. All trees with girth ≥ 30 cm 

were measured for diameter at breast 

height (dbh) total height. A 5×5m subplot 

was established at the center of the main 

plot for measuring the saplings.  2 × 2m 

(four at the corners) subplots was also be 

used to determine abundance and 

frequency of wildlings. During field 

assessment, the plots was marked using  

rope and four wooden pegs, within the 

plots, all types of regenerated tree species 

encountered was identified, counted and 

measured. Individual trees having ≥ 30cm 

diameter (measured at breast height) will 

considered as Trees, saplings with ≥ 10cm 

to <30cm diameter and seedlings with < 

10cm diameter. The status of regeneration 

of species was determined based on 

population size of wildlings, saplings and 

Trees as modified from Shankar (2001) 

and Khumbongmayum et al, (2006). 

Data Analysis 
Assessment of the species composition, 

distribution and diversity. The tree was 

identified, counted and grouped into genus 

and families. 

Density 

 

Relative Density  

 

Where RD = Relative density, ni = Density of a particular species i and N = Total density 

of all species 

Shannon Diversity Index 

)1....(........................................................................................................................ eqn
N

n
D i









=

)2(....................................................................................................%.........100 eqn
N

n
RD i

×







=

Plant Species Biodiversity, Composition and Regeneration Potential……….…Salami et al. 



680 

 

 
H1 is the Shannon diversity index, S is the total number of species in the community, pi is 

the proportion of a species to the total number of plants in the community and Ln is the 

natural logarithm. Plants species diversity was calculated using Shannon wiener index of 

diversity and a measure of equitability was derived 

Evaluation of the regeneration status of the tree community in the study site 

Regeneration potential =  
������ 	
 �������� ��� 	
 ��������

������� 	
 �		 ���
… … … … … . . … … … . . . . ���4 

d =  
�

�
……………………………………………………………………………………eqn 5 

Where g is girth at breast height d is a diameter at breast height, π = 3.142, 4 is a constant 

value. 

Density=  
�  !

 " 
……………………..…………………………………………………eqn 6 

Variability and regeneration status of species in the sample plots based on species 

composition was estimated using Detrended Correspondence Analysis. Detrended 

Correspondence Analysis (DCA) was used to identify the major species community 

(assemblage) and pattern in the site. The ability of DCA to efficiently order species along 

environmental gradients was major reason for selecting DCA. DCA was used to analyze the 

pattern of distribution of tree and regenerating population (saplings and wildlings species). 

Also, to identify species communities of regenerating population, DCA will carried out by 

pooling the saplings and wildlings populations. 

The regeneration status of the reserve was examined by comparing the Importance Value 

Index (IVI) of species composition of the present tree population with the regenerating 

populations (saplings and wildlings) of trees species. 

The Importance Value Index (IVI) of each species in a plot was expressed by: 

IVI= Relative density + Relative dominance + Relative frequency (Hanchanou et al., 

2013; Gilliam et al., 1995). 

Where: 

Relative Density =  
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Community Structure Analysis 

The structure of the study was analyzed using the distribution of stem diameter and 

height of tree species in the study area. The total height and diameter of the tree species 

measured within the 4 sample plots group into class and frequency of each class was 

determined. 

Basal Area Calculation 
The basal area of all trees in the sample plots was calculated using the formula: 

……………………………………………………………........(eqn 10) 
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Where BA = Basal area (m2), D = Diameter at breast height (cm) and Pie (3.142).   

The total basal area for each of the sample plots was obtained by adding the BA of all 

trees in the plot while mean BA for the plot (BAp) was obtained by dividing the total BA by 

the number of sample plots. Basal area per hectare will obtained by multiplying mean basal 

per plot with the number of 30 × 30m plots in a hectare (4). Where ha BA = Basal area per 

hectare. 

 

Results and Discussion 
Table 1: Tree species, family, frequency, genus, composition, life form and their 

conservation status in the study area 

S/N Family Name Scientific name Freq No of 

genus 

No of 

spp 

Life form Conservation 

status 

1 Fabaceae Acacia seyal 4 5 4 Shrub trees Near threatened 

2 Fabaceae Acacia siebariana 1  1 Tree Near threatened 

3 Malvaceae Adansonia digitata 1 1 1 Tree Not extinct 

4 Combrataceae Anogeissus leiocarpus 1 1 1 Tree Threatened 

5 Zygophyllaceae Balanites aegyptiaca 4 4 4 Tree Threatened 

6 Fabaceae Cassia arereh 10 10 10 Small tree Near threatened 

7 Ebanaceae Diospyros mespiliformis 8 8 8 Tree Not evaluated 

8 Fabaceae Detarium microcarpum 3 3 3 Tree Near threatened 

 9 Fabaceae Prosofis Africana 1 1 1 Tree Threatened 

10 Fabaceae Parkia biglobossa 1 1 1 Tree  Not extinct 

11 Fabaceae Tamarindus indica 9 9 9 Tree Not evaluated 

12 Anarcadiaceae Sclecarya birrea 1 1 1 Tree Least concern 

  Total 44 44 44   

 

Table 2: Saplings species, frequency, genus, species, families and their conservation status 
S/no Family names Scientific names Freq No of 

genus 
No of 
species 

Conservation status 

1 Fabaceae Acacia seyal 1 6 1 Near threatened 

2 Fabaceae Acacia siebariana 4  4 Near threatened 

3 Fabaceae Acacia nilotica 1  1 Critically endangered 

4 Fabaceae Bauhinia rufescens 4 4 4 Least concern 

5 Zygophyllaceae Balanites aegyptiaca 6 6 6 Threatened 

6 Fabaceae Cassia arereh 8 8 8 Near threatened 

7 Apocynaceae Calotropis procera 2 2 2 Not extinct 

8 Combretaceae Combretum geitonophyllum 15 15 15 Least threatened 

9 Ebanaceae Diosphyros mespiliformis 2 2 2 Not evaluated 

10 Burseraceae Guiera senegalensis 5 5 5 Threatened 

11 Chrysobalanaceae Parinari curatellifolia 24 24 24 Near threatened 

12 Fabaceae Pilostigma thonningii 5 5 5 Not threatened 

13 Orobanchaceae Striga species 5 5 5 _______ 

14 Combretaceae Anogesisus leiocarpus 2 2 2 Threatened 

15 Olacaceae Ximenia americana 1 1 1 Not threatened 

16 Rhamnaceae Zizuphus mauritiana 3 3 3 Least concern 

Total   88 88 88  
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Table 3: Tree species, frequency and species diversity index  

Trees no Species Fre RD Pi=n/N PiLn H=(PiLnPi) 

1 Acacia   seyal 4 9.090 0.090 -2.398 -0.218 

2 Acacia  siebariana 1 2.273 0.023 -3.784 -0.086 

3 Adansonia digitata 1 2.273 0.023 -3.784 -0.086 

4 Anogeissus  leiocarpus 1 2.273 0.023 -3.784 -0.086 

5 Balanites aegyptiaca 4 9.090 0.090 -2.398 -0.218 

6 Cassia  arereh 10 22.728 0.228 -1.482 -0.336 

7 Diospyros mespiliformis 8 18.182 0.182 -1.704 -0.309 

8 Detarium microcarpum 3 6.818 0.068 -2.686 -0.184 

9 Prosofis Africana 1 2.273 0.023 -3.784 -0.086 

10 Parkia biglobosa 1 2.273 0.023 -3.784 0.086 

11 Tamarindus indica 9 20.455 0.204 -1.586 -0.324 

12 Sclecarya birrea 1 2.273 0.023 -3.784 -0.086 

 TOTAL 44    1.94 

 

Table 4:  Saplings, frequency and species diversity index 
S/N Species N/ha RD Pi=n/N PiLn H=(PiLnPi) 

1 Acacia seyal 1 1.136 0.012 -4.478 -0.051 

2 Acacia siebariana 4 4.546 0.046 -3.091 -0.141 

3 Acacia nilotica 1 1.136 0.012 -4.478 -0.051 

4 Bauhinia rufescens 4 4.546 0.046 -3.092 -0.141 

5 Balanites agyptiaca 6 6.818 0.068 -2.686 -0.184 

6 Cassia arereh 8 9.091 0.091 -2.398 -0.218 

7 Calotropis procera 2 2.273 0.023 -3.784 -0.086 

8 Combretum geitonophyllum 15 17.046 0.171 -1.769 -0.302 

9 Diospharius misfiliformis 2 2.273 0.023 -3.784 -0.086 

10 Guiera senegalensis 5 5.682 0.056 -2.868 -0.016 

11 Parinari curatellifolia 24 27.2728 0.273 -1.299 -0.354 

12 Pilostigma thoningii 5 5.682 0.056 -2.868 -0.162 

13 Striga species 5 5.682 0.056 -2.868 -0.162 

14 Anogeisus leocarpus 2 2.273 0.023 -3.784 -0.086 

15 Ximenia americana 1 1.136 0.012 -4.478 -0.051 

16 Zizuphus mauritiana 3 3.409 0.034 -3.378 -0.112 

Total  88    2.21 
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Table 5: Showing the regeneration potential and relative frequency of wildlings in the 

study area 
Species Wildlings no Relative freq Regeneration 

potential 

Dichrastachys  cinerrea 15 19.74 0.059 

Cissus quandrangularis 13 17.10 0.038 

Lepidendron   Stemberg 12 15.78 0.030 

Styllochiton  lancifolius 6 7.89 0.0038 

Cassia arereh 6 7.89 0.0038 

Diospharius misfiliformis 5 6.58 0.0002 

Parinari   curatellifolia  3 3.95 0.0005 

Acacia   siebariana  3 3.95 0.0005 

Acacia   siebariana 3 3.95 0.0005 

Bauhinia  rufecens 2  2.64 0.0001 

Acacia seyal 2 2.64 0.0001 

Guera   senegalensis 2 2.64 0.0001 

Ximenia Americana 1 1.32 0.00002 

Calotropis procera 1 1.32 0.00002 

Balanites aegyptiaca 

Ziziphus   mauritiana 

1 

1 

1.32 

1.32 

0.00002 

0.00002 

Total 76 100  

 

Table 6: Tree species relative density, relative dominance and importance value index 
Species Freq R/density R/dominance IVI 

Acacia   seyal 4 9.090 0.042 13.132 

Acacia  siebariana 1 2.273 0.014 3.287 

Adansonia digitata 1 2.273 3.537 6.081 

Anogeisus  leocarpus 1 2.273 2.229 6.502 

Balanites aegyptiaca 4 9.090 0.267 13.357 

Cassia  arereh 10 22.728 25.396 58.174 

 Diospharius misfiliformis 8 18.182 5.188 31.37 

Detarium microcarpum 3 6.818 2.995 12.813 

Prosopis Africana 1 2.273 1.969 5.242 

Parkia biglobossa 1 2.273 3.089 6.362 

Tamarindus indica 9 20.455 10.196 39.651 

Sclecarya birrea 1 2.273 0.034 3.307 

TOTAL 44   199.278 

Floristic Composition for Tree, Saplings 

and Wildlings 
A total of forty four (44) tree species 

distributed in to six (6) families were 

identified in the study area, in the table 1 

showed the following tree species (Acacia 

seyal, Acacia siebariana, Adansonia 

digitata, Anogeisus leocarpus, Balanites 

aegyptiaca, Cassia arereh, Diospharius 

misfiliformis, Detarium microcarpum, 

Prosopis africana, Parkia biglobosa, 

Tamarindus indica and Sclecarya birrea. 

The Cassia arereh shown the highest 

number of individual with an average of 

ten (10) followed by Tamarindus indica 

(9) and Diospyros misfiliformis (8) trees 
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per hectare as shown respectively. 

Fabaceae is the richest family being 

represented by (7) species followed by 

others with individual tree species. Also 

displayed in the table 1, the tree life forms 

which out of twelve (12) tree species, ten 

(10) of them are trees and other two are 

shrub tree and small tree. Regular 

assessment of the floristic composition 

and structure of exploited forest 

ecosystem is instrumental in the 

management sustainability and 

conservation of such areas (Addo et al., 

2009). However only a few study have 

monitor species diversity and recovered in 

the degraded tropical rain forest of Nigeria 

especially when it’s a forest that supply 

the largest amount of timber to the wood 

industries in the country (Adekunle and 

Olagoke, 2010 ; Adekunle et al., 2013).  

A total of eighty-eight (88) saplings 

distributed were identified in the study 

area and the number of (10) families 

distributed in to (17) species that shown in 

the table 2 it constitute the saplings 

population in the study area with Fabaceae 

family having the highest representations 

of (6) members. The species with the 

highest density were Parinnari 

curatellifolia (24), and Combretum 

geitonophyllum (15), followed by Cassia 

arereh (8), and others. The result showed 

that sapling number is greater than tree 

species number in the study area. This 

shows the effect of indiscriminate felling 

of trees in the study site. 

A total number of (76) wildlings were 

identified in the study area, The 

Dichrastachys cinerrea had the highest 

number of wildlings (15) as shown in  the 

table 5 followed by Cissus quadrangularis 

with the number of (13), and Lepidendron 

Stemberg (12) followed by Cassia arereh 

(6), Styllochiton lancifolius (6), 

Diosphyros mispiliformis (5), Tamaridus 

indica, Acacia siebariana, Bauhinia 

rufescens had (3) frequencies and  others 

has (1) frequencies like Ximenia 

americana, Balanites aegyptiaca, 

Calotropis procera, and Zizuphus 

mauritiana. As shown in table 5  

Diversity Index and Important Value 

Index   
Low species diversity (tree) was 

recorded in study area with the value of 

1.94 shown in table 3. This supported the 

value obtained in Dabagi forest reserve 

where value was 1.45 (Shamaki et al., 

2015) and diversity of 1.35 in Orchard 

Federal University Dutse, Jigawa state 

(Salami and Lawal, 2018). However, 

Bello et al., (2022) reported moderate 

diversity of 2.90. The result showed that 

(table 4) diversity index of the saplings 

species accessed to be (2.21). However, in 

the table 6 shown the relative dominance 

and importance value index obtained in 

the study area with a total number of 

twelve  (12) tree species that had sum of 

(199.278) IVI of all trees that estimated in 

the study area. Cassia arereh had the high 

greatest number of IVI which is 58.124 

shown in the table 6 respectively. Higher 

Important Value Index of 300 was 

observed in the Dabagi forest reserve and 

Orchard Federal University Dutse, Jigawa 

state respectively (Bello et al., 2022; 

Salami et al., 2022). 

Classification of Tree Species Based on 

Utility` 
Tree species were identified and 

classified according to redhead (1971). 

The results showed four (4) classes out 

eight well known classes    

Class 1: Species of major timber utility 

importance: Parkia biglobossa, Anogeisus 

leiocarpus and Sclecarya birrea.  
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Class 2: Species of less timber utility 

importance: Diophyros mespiliformis. 

Class 3: Species of possible timber: 

Prosopis africana, Cassia arereh, 

Detarium microcarpum, Tamarindus 

indica. 

Class 4: others (fuelwood and medicine 

etc.) Balanites aegyptiaca and Adansonia 

digitata, Acacia siebariana, Acacia seyal. 

Most of these tree species are also used 

in fuelwood charcoal and industrial uses, 

the tree species in classes 2 and 3 had few 

wildlings on the forest floor although: 

there are some species that do not 

regenerate from seedlings. Therefore, 

there is need for vegetative propagation of 

some of these species to enhance better 

regeneration. There are other benefits 

derivable from the various species 

encountered. This supports the 

observation (Adekunle, 2007) that Kurba 

forest reserve contains four utility classes 

instead of eight classes followed by 

Redhead (1971) and modified by 

FOMECU (1999). 

Regeneration Potential 
The regeneration potential of three (3) 

important species were found to be the 

highest and arranged sequentially had a 

great regeneration status of  0.059, 0.038 

and 0.030 with the species of 

Dichrastachys  cinerrea, Cissus 

quadrangularis and Lepidendron 

stemberg. However the species with high 

regeneration values were found to be 

universally distributed. Also the 

regeneration status depends on their 

proper management. The different species 

established themselves in different 

microsite. These are light demander and 

shade tolerant. Regeneration potential of 

the species was shown in table 5. The need 

of canopy to be Silviculturally  

manipulated in a manner which reduced 

the specific stress and the  risk of damage, 

but at the same time, permit the trees to 

exploit fully the more favourable 

condition during an average situations 

cannot be over stressed. 

 

Conclusion  
Forest inventory and diversity 

assessment are essential to understand the 

tree populations structure and diversity 

status of forest and provide the based 

information about regeneration potential 

in the study area. Also majority of the 

species occupying the vegetation were 

found to have lower importance value 

index in three stages as well as good 

representation among the saplings 

populations of the forest, this showed that 

saplings a more diverse than tree species 

this is caused as a results of illicit 

unwanted indiscriminate felling of trees in 

the study area. The tree species with poor 

representation in the study area should be 

considered as common tree species used 

for fuel wood. There is need for more 

protected measure so that any kind of 

exploitation is reducing to bare minimum. 

Since the regeneration potential of the 

forest is fair. Silvicultural treatment 

should continue taken place that helps to 

enhance both the development and 

survival of the specie there-in. Also there 

are some species that are non-timber forest 

product. These species are not only spared 

when clearing operation is being carried 

out, therefore, there is need to conserve. 
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