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ABSTRACT

The effect of forest fire on the forest trees at Olokemeji forest reserve (F.R.) was established in this study. The fire experimental plot was selected 
at the reserve. The site was divided into three plots; plot A was tested with late fire treatment, plot B was tested with early fire treatment, and 
plot C (without fire treatment). The diameter at breast height and tree height (m) of the tree species in the plots were assessed prior and post-
fire treatment. The diversity indices such as Shannon Wiener diversity index (H+), Simpson index, Margalef index, and species evenness were 
also obtained. The result of the tree height (m) showed that the highest tree height was in plot C followed by plot A and plot B with mean value 
of 15.25, 10.95, and 8.95 m, respectively. The highest basal area (m2) was found in plot C followed by plot A and plot B with a mean value 
of 0.64, 0.55, and 0.30 m2, respectively. The number of stems per plot ranged from 25 to 67. The Shannon Wiener diversity index shows that 
plot C had the highest index followed by plot A and plot B with value of 2.20, 1.72, and 1.45, respectively. The Margalef index ranged from 
1.74 to 1.09, while Simpson index ranged from 0.14 to 0.32. This study has established the effect and relevance of fire on forest and wildlife 
management. Hence, the study recommends that this kind of research should be replicated in other F.Rs in other to have continuous foster future 
dynamics of the forest ecosystems. Fire is to be completely protected from the forest to prevent vegetation switch from forest to savanna and 
the production of timber. Prescribed or controlled burning is an appropriate silvicultural management tool for stimulating basal area growth, 
production of tree species seedlings and saplings.
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INTRODUCTION

The improper use of fire has destroyed many ecosystems 
resulting in uncalculated losses, as stated by Soares.[1] 
Forest resources have been greatly impoverished due to this 
phenomenon. In Nigeria, fire has contributed immensely to 
desertification and gradual destruction of the rain forests; 
aiding the formation of derived savannah vegetation;[2] and 
the extinction of many economic tree species.[3]

In spite of its present threat to mankind, history reveals the 
importance of fire as a tool used by man all through the ages. 
In the Nigeria forest regions today, the hunters still need fire 
for their game activities, shifting cultivators for clearing 
their fields, while grazers cannot do without fire for their 
pastoral improvement activities. However, the uncontrolled 

use of fire, the increasing population of forest land-users 
and the threat to the global population, which results from 
the massive destruction of the tropical forests in general 
and the Nigeria forests in particular, called for and received 
international attention over a decade ago[4] reported that about 
70% of the Nigerian tree population is affected annually by 
fire and losses worth millions of dollars, due to forest fires 
on both forest and agricultural crops in Nigeria. Besides, 
this socioeconomic effect of forest fires is the detrimental 
ecological influences of forest fires on the ecosystems, tree 
population dynamics, quality, and growth of the different 
vegetation. It is, therefore, needful to know exactly what 
happens to individual tree growth, in a supposedly natural 
forest affected annually by fire. It is possible for such trees to 
regenerate naturally after incidences of moderate or intense 
forest fire occurrences.
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A fire investigation plot was set-up in 1929 within the 
Olokemeji Forest Reserve (F.R.). Initially, the experiment 
was meant to procure a feasible time of burning the field 
for shifting cultivators, so as to check the threat to the 
forest depletion. Thus, between 1929 and 1969, trees on 
the plot were only counted for numbers. It was in 1969 
that the local foresters thought is wise to measure this 
plot for diameter at breast height (d.b.h), every decade, 
while the treatments of annual burning continue. Such an 
annual burning prescription agrees with the recommended 
interval of burning (1–3 years) in regions of medium annual 
precipitation. The present study gives an overview of the 
growth dynamics of tree species under three distinct and 
recognizable vegetation types, though formed under the 
influence of annual fires in Olokemeji F.R.

MATERIALS AND METHODS

The Study Sites
Olokemeji forest reserve (F.R.), is located on latitude 700 25’ 
North and longitude 30 32’ East The study site lies within this 
F.R. approximately 32 km west of Ibadan city and 35 km as 
shown in Figure 1. The fire investigation plot was set up in 
1929 by the colonial masters. In Aubreville[5] classification, 
Olokemeji falls within the region of Sous-climate, a 
subdivision of the Climate Guinea-forest, with <30 mm 
rainfall. It is lies on the transition between the Lowland Rain 
Forest and Derived Savanna zones.[6] Moist forest of several 
types covers the remainder of the reserve, except for areas of 
plantations. The reserve is lying between altitudes 90 m and 
140 m above sea level.

Data Collection Method
Sample plot location
The investigation 254 at Olokemeji was divided into three parts 
plot A late burning, plot B early burning, and plot C control. 
Each plot measuring 0.42 acre (0.1735 Ha.), the plots were 
separated from one another by fire traces/fire ride.

Burning of the Plots
Plot A was set on fire at the peak of the dry season on March 
12, 2019, while plot B was set on fire at the initial stage of the 
dry season on November 22, 2018 as shown in Plate 1.

Tree Girth and Height Measurements
Measurement of individual trees at the investigation plot was 
carried out before and after the fire treatment of plot A and plot 
B, each tree (10 cm girth and above) were measured for girth 
at breast height, with a girthing tape.

Data Analysis
Basal area calculation
The basal area of all trees in the sample plots was calculated 
using the formula:

	

2ðDBA =
4 �

(1)

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

Tree Species Classification and Diversity Indices
All the trees encountered were assigned to families and 
number of species in each family was obtained for tree 
species diversity classification. Frequency of occurrence was 
obtained for species abundance/richness. This was repeated 
for all plants encountered in the sample plots for the two 
sites. The following biodiversity indices were used to obtain 
tree species richness and evenness within the forest. They 
were also used as indices for comparing biodiversity as an 
indication of biodiversity loss. Species relative density number 
of individuals per hectare was obtained using the formula 
given by Oduwaiye et al.:[7]
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Where RD = Relative density, ni = Number of individuals of 
species I, and N = total number of individuals in the entire 
population. Species diversity is the number of different species 
in a particular area. This was obtained using a mathematical 
formula that takes into account the species richness and 
abundance of each species in the ecological community. The 
equation for the Shannon-Wiener diversity index given by 
Oduwaiye et al.[7] was used:
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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 

Species evenness (E) measures the distribution of the number 
of individual in each species. It was determined using 
Shannon’s equitability (EH) as stated:[7]
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S is the total number of species in each community, H+ is 
Shannon Wiener index.

ni = Number of individuals of species i and N = total number 
of individuals in the entire population.
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Ln =Natural logarithm.

Margalef’s index of species richness (M).
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Simpson concentration (λ) index.
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Ni �  
(6)

RESULTS AND DISCUSSION

Tables1-3 presents the descriptive statistics for tree 
height (m) in the study area, descriptive statistics for 
diameter at breast height (cm) in the study area and 
Descriptive statistics for basal area (m2) in the study 
area respectively. Biodiversity indices are generated to 
bring the diversity and abundance of species in different 
habitats to similar scale for comparison and the higher 
the value the greater the species riches.[8] According to 
family distribution, plot A was found to be dominated by 
family of Papilionoideae and other important families of 
high frequency in plot A are Combretaceae, Verbenaceae, 
Mimosoideae, Sapotaceae, and Meliaceae. Plot B was 
also found dominated by the family of Papilionoideae 
with species of Dalbergia sissoo followed by Verbenaceae 
with species of Gmelina arborea, Combretaceae, 
Anacardiaceae, and Euphorbiaceae. Plot C was found 
dominated by Sapotaceae followed Caesalpinioideae, 
Sterculiaceae, Ebenaceae, and Verbenaceae. This result 
is an indication that the study area though affected by fire 
intensity is a replica of true tropical ecosystem. This is in 
accordance with the findings of Adekunle,[9] who reported 
that the tropical rainforest ecosystem of Southwest Nigeria 
is dominated by these set of families. In a similar study, 
Meliaceae, Euphorbiaceae, and Moraceae were reported 
as the families that dominated the tropical rainforest of 
Doi Inthanon, Thailand.[10] Likewise, the family species 
distributions indicated that both plots A and B were affected Plate 1: Fire treatment in progress

Figure 1: The study area. Source: Remote sensing and GIS section, FRIN, 2019
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by fire intensity, thereby resulted into their low family and 
species distribution, while plot C had the highest family and 
species distribution. In tall, moist forests, fire tends to be 
rare but kills nearly all plants and to induce regeneration 
from seeds that either stored on the crown or in the soil, 
depending on species. Bark thickness varies with species 
and increases with stem diameter, thus serve as a defense 
mechanism during a forest fire.[11] Concluded that grassland 
species not only survive frequent burning but actually need 
it to maintain species diversity. Fire sometimes boosts tree 
health and nitrogen fixed by wattles arising after burning 
may have invaded forest.[12] The structure and function of 

the forest ecosystem are determined by plant component 
more than any other living component of the system. 
The plant diversity at any site is influenced by species 
distribution and abundance patterns[13] and the richest 
of plant species is controlled by a variety of biotic and 
abiotic parameters.[14] The Shannon–Wiener (H+), Paules, 
evenness, Simpson concentration index, and Margalef index 
were used to established the species diversity and richness 
at Olokemeji F.R as shown in Tables 4-6. The result of 
Shannon Wiener (H+) shows that plot C had the highest 
index followed by plot A and plot B with H+ index values 
of 2.20, 1.72, and 1.45, respectively. This result is a pointer 

Table 1: Descriptive statistics for tree height (m) in the study area
Height (m) Plot A Plot B Plot C
Mean 10.95625 8.954545455 15.25373134
Standard error 0.666220344 0.402490715 0.835067382
Median 11.8 8 14
Mode 7 6 15
Standard deviation 3.768711382 2.984951031 6.835321108
Sample variance 14.20318548 8.90993266 46.72161465
Kurtosis −1.673486699 −1.22594823 −0.338685336
Skewness −0.129362158 0.473458164 0.611123298
Range 11.5 10 25
Minimum 4.5 5 5
Maximum 16 15 30
Sum 350.6 492.5 1022
Count 32 55 67
Confidence level (95.0%) 1.358765344 0.806945293 1.667265803

Table 2: Descriptive statistics for diameter at breast height (cm) in the study area
Girth (cm) Plot A Plot B Plot C
Mean 22.71875 16.47272727 24.08955224
Standard error 2.436795545 1.475468206 1.306618047
Median 17 13 22
Mode 10 10 22
Standard deviation 13.78459724 10.94236508 10.69512965
Sample variance 190.015121 119.7353535 114.3857983
Kurtosis −1.095678535 5.736276787 1.348262131
Skewness 0.735308419 2.215464388 0.924136991
Range 39 57 53
Minimum 9 6 7
Maximum 48 63 60
Sum 727 906 1614
Count 32 55 67
Confidence level (95.0%) 4.969877262 2.958135628 2.608747072
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to the fact that plot C which served as a control without 
interference was the most diverse. Therefore, it could be 
deduced that both early and late burning had an adverse 
effect on species diversity. Similar pattern was found 
for species richness which was computed using species 
evenness (E) and Margalef index (M) of species richness. 
The evenness ranged from 0.36 to 0.52 and Margalef index 
ranges from 1.74 to 3.09 with the highest found in plot C 

and least in plot B, respectively. Simpson concentration 
index on the other hand showed that the highest value was 
found in plot B followed by plot A and plot C with values 
of 0.32, 0.21, and 0.14, respectively. The Shannon Wiener, 
evenness, Simpson concentration, and Margalef index 
obtained in this study compared a bit below values obtained 
by Adekunle[9] in Akure strict nature reserve Nigeria.[15] 
Obtained a Shannon index that ranged between 2.69 and 

Table 4: Tree species diversity indices obtained in plot A after late‑year burning
S. No. Family Species Frequency Pi ln (pi) H Index Evenness Simpson 

conc. index
Margalef 

index
1 Combretaceae Anogeissus 

leiocarpus
8 0.25 −1.38629 −0.34657359 −0.1 0.0625 −0.2164

2 Papilionoideae Crosopteric 
felrifugal

2 0.0625 −2.77259 −0.173286795 −0.05 0.00390625 −0.27051

3 Papilionoideae Dalbergia 
sissoo

9 0.28125 −1.26851 −0.35676881 −0.102941719 0.079101563 −0.20739

4 Verbenaceae Gmelina 
arborea

8 0.25 −1.38629 −0.34657359 −0.1 0.0625 −0.2164

5 Sapotaceae Manilkara 
obovata

2 0.0625 −2.77259 −0.173286795 −0.05 0.00390625 −0.27051

6 Mimosoideae Parkia spp. 1 0.03125 −3.46574 −0.108304247 −0.03125 0.000976563 −0.27952
0.03125 Meliaceae Pseudocedrela 

kotschyi
1 −3.46574 −0.108304247 −0.03125 0.000976563 −0.27952

8 Anacardiaceae Spondias 
mombin

1 0.03125 −3.46574 −0.108304247 −0.03125 0.000976563 −0.27952

Total 32 1 −19.9835 −1.721402322 −0.496691719 0.21484375 −2.01977

Table 3: Descriptive statistics for basal area (m2) in the study area
Basal area (m2) Plot A Plot B Plot C
Mean 0.550021828 0.305488091 0.54433978
Standard error 0.106422421 0.068190771 0.06159297
Median 0.227795 0.1327495 0.380182
Mode 0.07855 0.07855 0.380182
Standard deviation 0.602016122 0.505716296 0.50416022
Sample variance 0.362423411 0.255748972 0.25417753
Kurtosis −0.632295142 17.94759297 7.1316933
Skewness 1.022299017 3.841995791 2.31361748
Range 1.7461665 3.0893715 2.7893105
Minimum 0.0636255 0.028278 0.0384895
Maximum 1.809792 3.1176495 2.8278
Sum 17.6006985 16.801845 36.470765
Count 32 55 67
Confidence 
level (95.0%)

0.217049957 0.136714265 0.12297434
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Table 6: Tree species diversity indices obtained in plot C (control plot) without burning
S. No Family Species Frequency Pi ln (pi) H Index Evenness Simpson 

conc. index
Margalef 

index
1 Caesalpinioideae Afzelia africana 13 0.19403 −1.63974 −0.31816 −0.07567 0.037647583 −0.191683488
2 Mimosoideae Albizia spp. 1 0.014925 −4.20469 −0.06276 −0.01493 0.000222767 −0.234279819
3 Combretaceae Anogeissus 

leiocarpus
3 0.044776 −3.10608 −0.13908 −0.03308 0.002004901 −0.227180431

4 Sapotaceae Butyrospermum 
paradoxum

3 0.044776 −3.10608 −0.13908 −0.03308 0.002004901 −0.227180431

5 Compositae Canthium vulgare 2 0.029851 −3.51155 −0.10482 −0.02493 0.000891067 −0.230730125
6 Caesalpinioideae Cassia siamea 5 0.074627 −2.59525 −0.19368 −0.04606 0.005569169 −0.220081042
7 Papilionoideae Dalbergia sissoo 2 0.029851 −3.51155 −0.10482 −0.02493 0.000891067 −0.230730125
8 Sterculiaceae Hildegardia bateri 1 0.014925 −4.20469 −0.06276 −0.01493 0.000222767 −0.234279819
9 Ebenaceae Diospyros 

mespiliformis
6 0.089552 −2.41293 −0.21608 −0.05139 0.008019603 −0.216531348

10 Sterculiaceae Fagara 
zanthoxyloides

1 0.014925 −4.20469 −0.06276 −0.01493 0.000222767 −0.234279819

11 Verbenaceae Gmelina arborea 1 0.014925 −4.20469 −0.06276 −0.01493 0.000222767 −0.234279819
12 Sterculiaceae Hildegardia bateri 10 0.149254 −1.90211 −0.2839 −0.06752 0.022276676 −0.202332571
13 Sapotaceae Malacantha 

alnifolia
2 0.029851 −3.51155 −0.10482 −0.02493 0.000891067 −0.230730125

14 Sapotaceae Manikara obovata 17 0.253731 −1.37148 −0.34799 −0.08276 0.064379595 −0.177484712
Total 67 1 −43.4871 −2.20345 −0.52405 0.145466696 −3.091783675

Table 5: Tree species diversity indices obtained in plot B after early year burning
S. No. Family Species Frequency Pi ln (pi) H Index Evenness Simpson 

conc. index
Margalef index

1 Combretaceae Anogeissus 
leiocarpus

3 0.0545455 −2.9087209 −0.158658 −0.039592 0.002975207 −0.235931105

2 Papilionoideae Crossopteryx 
febrifuga

2 0.0363636 −3.314186 −0.120516 −0.030074 0.001322314 −0.240468241

3 Papilionoideae Dalbergia 
sissoo

27 0.4909091 −0.7114963 −0.34928 −0.08716 0.240991736 −0.127039826

4 Verbenaceae Gmelina 
arborea

15 0.2727273 −1.299283 −0.35435 −0.088425 0.074380165 −0.181485465

5 Euphorbiaceae Margaritaria 
discoidea

1 0.0181818 −4.0073332 −0.072861 −0.018182 0.000330579 −0.245005378

6 Anacardiaceae Spondias 
mombin

2 0.0363636 −3.314186 −0.120516 −0.030074 0.001322314 −0.240468241

7 Combretaceae Terminalia 
glaucescens

3 0.0545455 −2.9087209 −0.158658 −0.039592 0.002975207 −0.235931105

8 Verbenaceae Vitex doniana 2 0.0363636 −3.314186 −0.120516 −0.030074 0.001322314 −0.240468241
Total 55 −1.455353 −0.363172 0.325619835 −1.746797602

3.33 which indicted a lesser diverse ecosystem.[16] Obtained 
Shannon index ranged between 2.94 and 3.96 for a sacred 
grove in South-Eastern Ghats, India. Sacred groves are 
traditional in situ conservation methods of biodiversity.

CONCLUSION

The effect of different fire regimes on the species composition, 
diversity, and regeneration potentials of Olokemeji F.R, 
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Southwest Nigeria, was established in this study. Precise 
assessment and understanding of the dynamics of plant 
resources are important for their sustainable management, 
utilization, and biodiversity conservation. The values of 
tree height and diameter class revealed a forest that is still 
undergoing developments majority of the trees occupied the 
middle stratum class. The floristic composition of the study 
area is dominated by a suite of understory species because of 
the dominance of small stemmed trees. The structure of the 
forest is an indication that the forest is not fully matured; this 
undergoing growth and development. Tree species diversity as 
revealed by the study area is an indication that the study area is 
a representative of a tree tropical ecosystem. The tree species 
recorded at the study area are trees of high economic, social, 
and environmental values. The diversity indices obtained 
revealed that the study area is a lesser diverse ecosystem. The 
regeneration potential of the study area was reported to be 
equally noteworthy. The selected plots regenerated seedlings 
and saplings of high economic, social, and environmental 
importance.
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