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Abstract 

The combined effects of land-use changes for agricultural activities and human settlement 

encroaching into protected landscapes has resulted in an unprecedented pressure on 

conservation areas leading to habitat degradation and biodiversity loss. Using a Point-Centred 

Quarter (PCQ) method of vegetation sampling, we compare species composition and 

importance value of tree species between the Protected Area (PA) and the Unprotected Area 

(UPA) in Sumu Wildlife Park, Bauchi State. Results indicate higher diversity of tree species 

in the PA (11 species, 7 families) than the UPA (7species, 4 families). In total, we recorded 

14 tree species (both in PA and UPA) with Balanites aegyptiaca, Piliostigma reticulatumand 

Scelocarya birreauncommon to the PA. Finally, we analysedthe prospects of the Park‘s 

capacity toharbour and conserve biodiversity in future. 
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Introduction 

The continued loss of biodiversity and 

ecosystem services has led to the 

establishment of Protected Areas (PAs) 

which represent a globally prevalent 

approach to stem biodiversity loss, prevent 

ecosystem degradation and extinction of 

indigenous species, while allowing for 

sustainable resource utilization 

(Shahabuddin and Rao, 2010). PAscan 

range from exclusive areas without people 

that are strictly protected by government, 

to areas subject to intensive use, for 

example, tourism and recreational 

activities in game reserves.  

These areas are usually surrounded 

by human modified landscapes. Although, 

there are strong ecological, economic and 

cultural links between PAsand adjacent 

communities, however, anthropogenic 

activities often encroach into Paswhich 

eventually may lead to the extinctionof 

indigenous plant species (Shackleton, 

2000), albeit many of these human-altered 

landscapes, such as agro-ecosystems are 

considerately rich in biodiversity y 

(Tabarelli et al., 2008). 

With the expansion and 

consolidation of agricultural frontiers, PAs 

are gradually becoming an altered human-

managed agro-ecosystems dominated by 

pastures and croplands (Tabarelli et al., 

2010). However, the rapid increase in 

human activities, such as farming, logging, 

grazing, hunting and firewood collection 

continue to alter and encroach into natural 

landscapes leading to habitat degradation 

and fragmentationwith associated 

biodiversity loss (Tabarelli et al., 2010; 

Wesuls et al., 2012 and Chapman et 

al.,2016). 

In 1991, World Bank and United 

Nation Development Project (UNDP) 

committed about $300 million to more 

than 40 biodiversity conservation projects 

in developing countries through the Global 
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Environmental Facility (GEF) to which 

Yankari and Lame-Bura Game Reserves in 

Bauchi State were among the beneficiaries 

(IUCN, 2012). Bauchi State government 

equally made huge investments by 

building infrastructural facilities in an 

effort to bring synergy between the present 

and future generation to the extent of 

importing game animals, such as Zebras 

(Equus quagga), Giraffes 

(Giraffacamelopardalis) and Wildebeests 

(Connochaetestaurinus) from Namibia 

into Sumu Wildlife Park. 

The aim of our study was to 

compare species composition parameters 

(absolute density, species‘ relative density, 

cover and frequency) and importance 

valueof tree species in Protected and 

Unprotected Areas (UPAs) of Sumu 

Wildlife Park. To do this, we used a plot-

less, Point Centered Quarter (PCQ) 

method of vegetation sampling. We 

expected that species compositionwould 

be higher in the PA and those 

encroachment activities, such as land 

clearing for farming, logging and firewood 

collection would negatively impact species 

composition in the UPA. 

 

Study site 

This study was carried out at Sumu 

Wildlife Park, 14km away from Kafin 

Madaki, Ganjuwa Local Government Area 

of Bauchi State, Nigeria. The park covers 

81 km
2 

and lies between 566m above sea 

level. 

 

 

 

Figure 1: Map of Sumu Wildlife Park showing the plots within the two study sites 

Methods 

We selected two contrasting sites, in terms 

of encroachment intensity – encroached 

site (UPA with high encroachment 

activity) and unaltered site (PA with less 

encroachment activity). We carried out a 

reconnaissance survey to determine the 

level of encroachment activity that has 
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affected indigenous treespecies.Using a 

plot-less,Point Centred Quarter (PCQ) 

method (Holmes and Matlack, 2017), we 

sampled vegetation along a 100m transect 

at each of the encroached and virgin sites, 

respectively. 

To eliminate any bias, we 

generated a list of 20 random numbers in 

an increasing order, couple of numbers 

with a difference of four or less had their 

second listed number cancelled outsuch 

that ten random numbers were left out 

after cancellation. We used the random 

numbers to represent the distance along 

transect at which the data was collected. 

Along each transect, we used the smallest 

random number to determine the first 

sampling point. An imaginary line was 

drawn perpendicular to each transect, the 

line and transect was made to divide the 

point into four quarters. 

Trees measured were sparsely 

distributed to avoid measuring the same 

tree (Mitchell, 2007).We employed a 

standard height of 130cm with the notation 

D130 in order to measure the Diameter at 

Breast Height (DBH) for each tree. We 

recorded DBH separately for trees with 

multiple trunks at breast height. This 

process was repeated for the entire set of 

sampling trees. We identifiedmost of the 

treesto species level with the aid of their 

local names (Hausa) using Google 

translator and with the aid of a book by 

Arbonnier (2004). 

 

Data analyses 

Data were organized and inputted into 

Microsoft excel for analysis. We used two 

sample t-test to calculate the difference in 

number of trees per point in the two study 

sites (PA and UPA).R statistical package 

was used for all the analyses.More so, we 

carried out the following basic analysis:  

i. Absolute population density (λ) of tree 

species was calculated using the 

formula below (Pollard, 1971; Seber, 

1982): 

 
Where, 

n:  the number of sample points along the 

transect                                                                                        

4n: the number of samples or observations 

one for each quarter at each point                                      

i: a particular transect point, where i = 1, . . 

. ,n                                                                                  

j: a quarter at a transect point, where j = 1, 

. . . , 4                                                                            

Rij: the point-to-tree distance at point i in 

quarter j. 

ii. Absolute density for each species was 

calculated as: Number of quarters with 

a particular species divided by total 

number of quarters (4n = 40) and 

multiplied by λ 

 

iii. Relative density of a species  

The relative density of each species is the 

percentage of the total number 

observations of that species. Relative 

density summed up to 100% 

 

iv. Absolute frequency (AF): as the 

percentage sampling point at which a 

species occurs 

 

   
                                 

                             
        

The higher the absolute frequency of a 

species the more uniformly distributed the 

species is.  

v. Relative Frequency (RF):The relative 

frequency sums up to 100% i.e. 

occurrences in relation to each species 

 

   
                                

                              
        

(1) 

(4) 

(2) 

(3) 
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Cover or Dominance of a Species: The 

cover or dominance of an individual tree is 

measured by its basal area or cross-

sectional area. Since the area of a circle is 

A = πr
2
, it is also A = π (D130/2)

2
 = πd

2
/4). 

vi. Absolute cover:The absolute cover or 

dominance of each species was 

computed as species basal area per 

hectare. Simply, is the basal area (and 

mean basal area for trees with multiple 

trunks) of a species multiplied by its 

absolute density converted in m
2
 per 

hectare. 

vii. Relative cover: 

The relative cover or relative 

dominance(Cottam and Curtis, 1956). 

for a particular species is defined to be 

the absolute cover for that species 

divided by the total cover times 100 to 

express the result as a percentage. 
 

viii. The importance value of a species 

The importance value of a species is 

defined as the sum of the three relative 

measureswhich gives equal weight to 

the three factors: 

 

Importance value = Relative density 

+ Relative frequency + Relative cover. 

Results 

A total number of 11 species belonging to 

seven families(Combretaceae, Meliaceae, 

Anacardiaceae, Sapotaceae, Meliaceae, 

Fabaceae and Ebenaceae) were recorded at 

the PA,whereas at the UPA, a total of 

seven species were recorded belonging to 

four families(Combretaceae, Fabaceae, 

Rubiaceae, Ebanaceae and 

Anacardiaceae). 

 

 

 

 

 

 

 
Figure 2: Differences in the number of trees by plots in PA and UPA (p = 0.00031; t = -

5.66). Error bars show ±95% confidence interval. 

 

Absolute population density (λ) calculated 

using Formula 1 at the PA was found to be 

586 trees per hectare. This value was used 

to compute absolute density for each 

species in the PA (Table 1). 
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Table 1: Absolute density for each species in PA computed as: number of quarters with 

a particular species divided by total number of quarters (4n = 40) and multiplied by λ. 

Species Frequency/Quarter Number of trees per hectare 

Anogeissus leiocarpus 12/40 12/40 × 586 = 176 

Combretum sp. 2/40 2/40 × 586 = 29 

Crossopteryx febrifuga 2/40 2/40 × 586 = 29 

Diospyrus mespiliformis 1/40 1/40 × 586 = 15 

Khaya senegalensis 1/40 1/40 × 586 = 15 

Lannea sp. 6/40 6/40 × 586 = 88 

Pseudocedrala kotschyi 7/40 2/40 × 586 = 29 

Rhus natalensis 1/40 1/40 ×  586 =15 

Tamarindus indica 1/40 1/40 × 586 = 15 

Terminalia sp 8/40 8/40 × 586 = 117 

Vitellaria paradoxa 4/40 4/40 × 585 = 59 

Total  586 

 

Anogeissus leiocarpus had the highest 

absolute density, followed by Terminalia 

sp. while Rhus natalensis, Tamarindus 

indica, Khaya senegalensis and Diospyrus 

mespiliformis had the lowest absolute 

density and were found to occur in only 1 

quarter out of the 40 quarters in the 

transect (Table 1).Absolute population 

density (λ) in theUPA was found to be 63 

trees per hectare. This value was used to 

compute absolute density for each species 

in the encroached site (Table 4). 

 

Table 2: Absolute density for each species in the UPA computed as: number of quarters 

with a particular species divided by total number of quarters (4n = 40) and multiplied 

by λ. 

Species Frequency/quarter Number of trees per 

hectare 

Anogeissus leiocarpus 8/40 0.2 × 63= 12.6 

Balanites aegyptiaca 1/40 0.03 × 63= 1.6 

Crossopteryx febrifuga 1/40 0.03 × 63 = 1.6 

Diospyrus mespiliformis 1/40 0.03 × 63= 1.6 

Piliostigma reticulum 2/40 0.05 × 63 = 3.2 

Scelocarya birrea 1/40 0.03 × 63 = 1.6 

Tamarindus indica  2/40 0.05 × 63 = 3.2 

Total  25.4 

 

Anogeissus leiocarpus had the highest 

absolute density followed by Piliostigma 

reticulum and Tamarindus indica, while 

Balanites aegytiaca, Crossopteryx 

febrifuga, Diospyrus mespiliformis, 

Scelocarya birrea had the lowest value. 

Note: the sum of the absolute density of 

each species (25.4) is lower than the 

calculated absolute population density (λ = 

63) due to the existence of 24 vacant 

quarters in the UPA with no nearest tree to 

be sampled, being cleared open.
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Table 3: Level of importance of each species at the PA in the order of decreasing 

importance value 

Species Relative 

Density 

Relative 

Cover 

Relative 

Frequency 

Importance 

Terminalia sp. 20 40.9 21.4 82.3 

Anogeissus leiocarpus 30 13.9 21.4 65.3 

Lannea sp. 15 15.9 14.3 45.2 

Vitellaria paradoxa 10 4.9 14.3 29.2 

Pseudocedrala kotschyi 5 9.7 3.6 18.3 

Tamarindus indica 2.5 7.6 3.6 13.7 

Crossopteryx febrifuga 5 1.4 7.1 13.5 

Combretum sp. 5 2.8 3.6 11.4 

Khaya senegalensis 2.5 2.1 3.6 8.2 

Diospyrus mespiliformis 2.5 0.7 3.6 6.8 

Rhus natalensis 2.5 0.02 3.6 6.12 

  

Terminalia sp. had the highest importance, 

followed by Anogeissus leiocarpus, 

accordingly in order of decreasing 

importance (Table 3). Rhus natalensis had 

the lowest importance in the PA. 

 

Table 4: Level of importance of each species at the encroached site in the order of 

decreasing importance value 

Species Relative 

Density 

Relative Cover Relative Frequency Importance 

Anogeissus leiocarpus 49.6 28.9 50 128.5 

Tamarindus indica 12.6 23.1 14.3 50 

Scelocarya birrea 6.3 28.9 7.1 42.3 

Crossopteryx febrifuga 6.3 11.6 7.1 25 

Pilostigma reticulum 12.6 2.9 7.1 22.6 

Balanites aegyptiaca 6.3 4 7.1 17.4 

Diospyrus mespiliformis 6.3 0.6 7.1 14 

 

Anogeissus leiocarpus had the highest 

importance value followed by Tamarindus 

indica whereas Diospyrus mespiliformis 

had the least value of importance. 

 

Discussion 

In this study, we demonstrate that the 

number of trees differ significantly (p = 

0.00031; t = -5.66) between the two sites 

with the PA having four trees per quarter 

and 1.8 trees per quarter for the UPA. This 

suggests that human activities in theUPA, 

especially logging has profound impact on 

the relative density and frequency on the 

vegetation.Terminaliasp, Anogeissusleio 

carpus, and Lanneasp. had high relative 

density and high relative frequency in the 

virgin site, such that it appears in large 

number of quarters and points suggesting a 

uniform distribution.On the other 

hand,Vitalleria paradoxa had a relative 

frequency higher than its relative density 

suggesting the species is sparsely 

distributed, while species including 

Psedocedrala kotchyi, Crossopteryx 

febrifuga, Combretum sp, Khaya 

senegalensis, Diospyrus mespiliformis, 

Tamarindus indica and Rhus natalensis had 
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a very low relative densities and relative 

frequencies which are even more sparsely 

distributed. 

In contrast to the PA, Anogeissus 

leiocarpusand Tamarindus indica had the 

highest relative density and relative 

frequency in the UPA, this show a 

distribution that is relatively even. 

However, Piliostigma reticulumhad high 

relative density and low relative 

frequency, such that the species appear in 

lots of quarters but few points suggesting a 

clumped distribution of the species. 

Sclerocarya birrea, Crossopteryx 

febrifuga, Balanites aegyptica and 

Diospyrus mespiliformis had low relative 

densities appearing in few quarters with 

higher relative frequencies which indicate 

the sparsely distribution of the species. 

 

Implication for biodiversity 

conservation 

This study demonstrates the extent of 

encroachment activities and its adverse 

effects on biodiversity in the designated 

PA of Sumu Wildlife Park, particularly the 

unfenced portion of the park is alarming 

and the implication by and large, risk the 

future of the fenced-off area to support 

more introduced and resident animal 

species. This is largely due tothe number 

of trees in the virgin site exceeding those 

found in the encroached site by about 9 

folds (i.e.586 : 63), which show that the 

conservation state of both sites are at 

stake, for the fenced-off area is more like 

an ―island‖ in the ―sea‖ of the unfenced 

portion. Accordingly, the theory of island 

biogeography (McArthur and Wilson, 

2001) applies. As the smaller fenced-off 

area is required to support more species, 

andwith gradual increase in the number of 

acclimatised introduced and 

residentanimal species, possibly due to 

reproductive rate, the need to expand the 

fenced-off 12 km
2
 area becomes 

inevitable, but the bad news is that the 

larger unfenced portion is getting 

deteriorated and less complex with fewer 

alternate resources to meet the need of the 

predicted future system, if it happens. 

Therefore, the success of the expansion 

may become hindered and the system may 

collapse.  
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