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ABSTRACT: This study was carried out to determine woody plants diversity and pattern of distribution 

along altitudinal gradients of Atlantika mountains, Nigeria. Five mountains of Sadaki, Komni, Wagi, 

Wari and Rangi were sampled for the mountain range. A Transect was taken on each mountain and 20m 

× 20m plots were demarcated at five elevations of 0-400m asl, 400-450m asl, 450-500m asl, 500-550m 

asl and >550m asl along the transects. All woody plant species on the demarcated plots were sampled 

and identified. A total of eleven families of woody plants were identified on the Atlantika mountain 

range. Shannon diversity index (HI) was used to calculated diversity at each elevation. The results from 

the study revealed that the altitude 400-450m asl had the highest diversity of woody plant species (HI= 

2.23) followed by altitude < 350m asl (HI=2.07). Altitudes 450-500m asl, 350-400m asl and >500m asl 

had HI values of 2.18, 1.97 and 0.95 respectively. The distribution of woody plant species on the 

Atlantika mountains follows the theory of mid domain effect with highest diversity at mid altitudes. 
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1. INTRODUCTION 

 

Mountains with their isolated positions and altitudinal 

belts are considered as hotspots for biodiversity, their 

flora and fauna have been observed since the days of 

Darvin and Alexander Van Humboldt which has led 

to the basic knowledge and understanding of species 

composition and the most important driving forces of 

ecosystem differentiation along altitudinal gradients 

(Anton et al. 2011).  Altitudinal gradients have been 

described as among the most powerful natural 

experiments for testing ecological and evolutionary 

responses of biota to geophysical influences such as 

low temperature (Korner 2010). A distinctive feature 

of mountain ecosystems the world over is a drastic 

change in vegetation as well as climate with increase 

in elevation (Hua 2014).  

 

The underlying causes of altitudinal diversity have 

been reported to include among others climate and 

topography, area, disturbance, geometric constraints 

and evolutionary history. Some or a combination of 

these factors gives rise to changes in biodiversity 

along altitudinal gradients (Sanders and Rahbek 

2012). Scientists have reported different patterns of 

species diversity along altitudinal gradients depending 

on where the research was carried out. Four general 

patterns identified from various studies are decreasing 

species richness monotonically with increasing 

elevation, low plateau patterns with consecutively 

high richness across the lower portion of the gradient 

thereafter decrease in richness, low plateau patterns 

with mid altitudinal peak and mid- altitudinal peak 

(McCain 2010). A compilation of researches on 

species diversity along altitudinal gradients has shown 

no research has been carried out in that area in most 

parts of Africa, Nigeria inclusive (Anton et al. 

2011).The lack of information on plants diversity 

along altitudinal gradients in Nigeria and most parts 

of Africa therefore, necessitated this work. The 

objective of this paper is therefore, to describe the 

pattern of distribution of plant species along 

altitudinal gradients on the Atlantika mountains, 

Nigeria.  

 

2. MATERIALS AND METHODS 

 

2.1 Study site 

 

The Atlantika Mountains lies between longitude 

804612411N, latitude 1204114611E and longitude 

804315511N, 1203815311. The mountains are an 

extension of the Cameroon line of volcanic 

mountains, spanning the border between Nigeria and 
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Cameroon. The Mountains lie southeast of Yola, the 

capital of Adamawa state, Nigeria and southwest of 

the mandara mountains. In Cameroon, the Mountains 

are part of the north region. The Atlantika Mountains 

are north of the Adamawa plateau and west of the faro 

national park in Cameroon. The line of mountains of 

which the Atlantika range is part was taken as a 

natural boundary between Nigeria and Cameroon by 

the colonial powers (Breuer 2005). 

 

The climate of the area is characterised by wet season 

starting from April to October while the dry season 

lasts from November to March. The average rainfall is 

197mm, with wettest months in August and 

September. The mean annual temperature is around 

28 degrees Celsius. There is also the harmattan period 

when the dust laden north- easterly winds from the 

Sahara Desert have marked effect. The period is cold 

and dry with an annual temperature of 15.20C and 

39.70C maximum (Adamawa state Government 2014) 

The study area is located within the northern guinea 

savannah vegetation zone. This zone is characterised 

by thick tall grasses and trees. This vegetation zone is 

a by-product of centuries of tree devastation by man 

and fire, and continuous attempts by the plants to 

adapt themselves to the climatic environment (Online 

Nigeria 2015). The true vegetation of the area has for 

years been modified by human activities, hence, 

traces of climatic climax are difficult to come by. 

Among the common trees found in the area are Vitex 

doniana, Tamarindus indica, Annona senegalensis, 

Piliostigma reticulatum, Cordia africana, Isoberlinia 

doka, I. tomentosa, Daniella oliveri, Butyrospermum 

parkii, Magnifera indica etc. (Adamawa State 

Government 2014). Tall grasses are also found in the 

area, however, their appearance is dependent on the 

season as the rainy season brings the lush green of the 

grasses to full view. Common grasses found in the 

area include Andropogon gayanus, Brachiaria 

decumbens, Cenchrus ciliaris, Chloris gayanus, 

Cynodon dactylon, and Panicum maximum, (FAO 

2015). 

 

2.2 Sampling Procedure 

 

A reconnaissance survey was carried out to ascertain 

the conditions of the Atlantika Mountains for 

biodiversity research. After the survey a total of 10 

mountain sites were chosen as being less exploited by 

the people living in the area. This was done by 

visitation and with the aid of the communities. Out of 

the ten mountains 5 were selected randomly for 

carrying out this research. The five mountains were 

Sadaki, Komni, Wagi, Wari and Rangi. 

 

2.2.1 Demarcation of altitudinal gradients 

 

Height of the mountains were measured in metres 

above sea level from the lowest to the highest peaks 

(m asl) using Garmin GPS reader. Based on this, 

gradients were taken from the bottom to the peak of 

the mountains. Five sampling plots (20m x 20m) were 

laid along the gradients at the following elevations  

Altitude 1 (0-400m asl) 

Altitude 2 (400-450m asl) 

Altitude 3 (450-500m asl) 

Altitude 4 (500-550m asl) 

Altitude 5 (>550m asl) 

All woody plant species were identified on each 

sample plot and grouped into family groups for 

subsequent analysis.  

Each of the altitudinal points along the transects on 

the five mountains used in the study served as 

replicates as described by Sanders and Rahbek (2012). 

 

2.3 Diversity Measurement 

 

Measurement of woody plant diversity was carried 

out using the Shannon diversity index (Begon et al. 

2006). This is given by: 

HI = − ∑ pi ln pi 

𝑆

𝑖=1

 

Where: 

HI= Index of species diversity 

s = Number of species 

pi = Proportion of total sample belonging to ith 

species 

 

3. RESULTS AND DISCUSSION 

 

The diversity of woody plant species on the Atlantika 

mountains revealed a Shannon index of 2.07 at 

altitude 1 (Table 1). The highest contributor to 

diversity at this altitude was the family Annonaceae 

(0.34) with Olacaceae contributed the lowest (0.05). 

At altitude 2 the Shannon index was 1.97, 

Annonaceae (0.35) contributed the highest to diversity 

while verbenaceae was absent at this altitude (Table 

2). The highest diversity index of 2.23 was recorded 

at altitude 3 with caesalpiniaceae (0.31) contributing 

the highest to diversity with euphorbiaceae and 

apocynaceae (0.06) contributing the least to diversity 

at this altitude (Table 3). The diversity index at 

altitude 4 was 2.18 with highest contributors being the 

family mimosasae (0.35) and the family burseraceae 

was absent at this altitude (Table 5). At altitude 5 the 

diversity index was 0.95 with the family burseraceae 

(0.30) with olacaceae and mimosaceae absent at this 

altitude (Table 5). 

 

Changes in diversity along altitudinal gradients have 

fascinated scientists since the time of Alexander van 

Humboldt (1799-1804). These changes have overtime 

been attributed to different factors, this has led to 

different hypothesis on causes of altitudinal changes 

in diversity. The mountain mass effect (McCain and 

Christy 2005), Area hypothesis, Rainfall hypothesis 

(Rosenzweig 1992), Resource hypothesis (Sanchez-

Cordero 2001), Productivity hypothesis (Rosenzweig 
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1992), and Temperature hypothesis (Rahbek 1995) 

are some of the hypothesis put forward for these 

changes in altitudinal diversity changes. Although 

species diversity was initially thought to decline 

monotonically with elevation, however, most studies 

report a peak in diversity at mid altitudes (McCain 

2010; Chaladze 2012; Sanders 2002; Grytnes 2003). 

This is termed the mid-domain effect, the mid domain 

effect has been attributed to great ecological areas 

created in the valleys that abound in mid altitudes of 

high mountains (Hai-Bao et al. 2006). The results 

from this study also revealed a peak in diversity of 

woody plants at the mid elevations, this consequently 

reflects some general trends found in plant diversity 

of tropical mountain forests. Similar finding has been 

reported in the works of various researchers such as 

Grytnes and Vetaas (2002), Homier et al. (2010) and 

Hai- Bao et al. (2006). Each of this researches 

reported a mid-altitudinal peak in diversity explained 

as the mid domain effect in biogeography. The mid 

elevations on the Atlantika mountains has also been 

observed to comprise of valleys which is likely to trap 

both moisture and soil nutrients during run off down 

slope.  The considerably high diversity index value at 

the lowest altitude may also very likely be due to the 

fact that moisture and soil nutrients washed down 

slope may encourage the survival of varieties of 

species. Sohrabi and Habashi (2011) in studying soil 

properties along altitudinal gradients have reported 

better soil conditions at low altitudes this may very 

likely be a factor in the high diversity value recorded 

at the lowest altitude. 

 

4. CONCLUSIONS 

 

Based on the results from this study the following 

conclusions were made; 

1. That except for the highest elevations, there is a 

high diversity of woody plant species on the 

Atlantika mountains 

2. A total of 11 families of woody plant species 

were identified on the Atlantika mountains  

3. That the diversity of woody plants peaked at the 

mid elevations showing the mid dormain effect. 
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Table 1: Woody Plants Diversity at Altitude 1 (0-400m asl) Using Shannon Index 

Family No. of individuals Proportion (pi) In pi P In pi 

Verbenaceae 16 0.098 -2.32 -0.23 

Burseraceae 5 0.031 -3.47 -0.11 

Caesalpiniaceae 32 0.196 -1.63 -0.32 

Annonaceae 37 0.227 -1.48 -0.34 

Mimosasaceae 32 0.196 -1.63 -0.32 

Euphorbiaceae 6 0.037 -3.3 -0.12 

Olacaceae 2 0.012 -4.42 -0.05 

Moraceae 14 0.086 -2.45 -0.21 

Apocynaceae 4 0.025 -3.69 -0.09 

Combretaceae 10 0.061 -2.8 -0.17 

Bombacaceae  5 0.031 -3.47 -0.11 

Total 163   2.07 

Shannon Diversity Index (HI) = 2.07 

 

Table 2: Woody Plants Diversity at Altitude 2 (400-450m asl) Using Shannon Index 

Family No. of Individuals Proportion (pi) In pi P in pi 

Burseraceae 5 0.070 -2.66 -0.18732 

Caesalpiniaceae 8 0.113 -2.18 -0.24563 

Annonaceae 19 0.268 -1.32 -0.35324 

Mimosasaceae 18 0.254 -1.37 -0.34732 

Euphorbiaceae 3 0.042 -3.17 --0.13394 

Olacaceae 6 0.085 -2.46 -0.20789 

Moraceae 6 0.085 -2.46 -0.20789 

Apocynaceae 1 0.014 -4.27 -0.06014 

Combretaceae 1 0.014 -4.27 -0.06014 

Bombacaceae  4 0.056 -2.88 -0.16225 

Total 71   -1.96577 

Shanno Diversity Index (HI) = 1.97 

  

Table 3: Woody Plants Diversity at Altitude 2 (450-500m asl) Using Shannon Index 

Shannon Diversity Index (HI) = 2.23 

 

 

 

 

 

 

Family No. of Individuals Proportion (pi) In pi P In pi 

Verbenaceae 6 0.092 -2.39 -0.22062 

Burseraceae 5 0.077 -2.56 -0.19692 

Caesalpiniaceae 12 0.185 -1.69 -0.312 

Annonaceae 8 0.123 -2.1 -0.25846 

Mimosasaceae 9 0.138 -1.98 -0.27415 

Euphorbiaceae 1 0.015 -4.2 -0.06462 

Olacaceae 6 0.092 -2.39 -0.22062 

Moraceae 6 0.092 -2.39 -0.22062 

Apocynaceae 1 0.015 -4.2 -0.06462 

Combretaceae 8 0.123 -2.1 -0.25846 

Bombacaceae  3 0.046 -3.08 -0.14215 

Total 65   -2.23323 
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Table 4: Woody Plants Diversity at Altitude 2 (500-550m asl) Using Shannon Index 

Family No. of Individuals Proportion (pi) In pi P In pi 

Verbenaceae 3 0.083 -2.49 -0.2075 

Caesalpiniaceae 3 0.083 -2.49 -0.2075 

Annonaceae 5 0.139 -1.97 -0.27361 

Mimosasaceae 9 0.250 -1.39 -0.3475 

Euphorbiaceae 6 0.167 -1.79 -0.29833 

Olacaceae 1 0.028 -3.58 -0.09944 

Moraceae 2 0.056 -2.88 -0.16 

Apocynaceae 4 0.111 -2.99 -0.33222 

Combretaceae 2 0.056 -2.88 -0.16 

Bombacaceae  1 0.028 -3.58 -0.09944 

Total 36   -2.18556 

Shannon Diversity Index (HI) = 2.18 

 

Table 5: Woody Plants Diversity at Altitude 2 (>550m asl) Using Shannon Index 

Family No. of Individuals Proportion (pi) In pi P In pi 

Verbenaceae 3 0.125 -2.07 -0.25875 

Burseraceae 4 0.167 -1.79 -0.29833 

Caesalpiniaceae 5 0.031 -3.47 -0.10644 

Annonaceae 7 0.043 -3.17 -0.13613 

Euphorbiaceae 1 0.006 -5.12 -0.03141 

Moraceae 1 0.006 -5.12 -0.03141 

Apocynaceae 1 0.006 -5.12 -0.03141 

Combretaceae 1 0.006 -5.12 -0.03141 

Bombacaceae 1 0.006 -5.12 -0.03141 

Total 24   -0.95672 

Shannon Diversity Index (HI) = 0.95 

 

 

 

 


