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ABSTRACT: This study was designed to examine changes in land cover types and the interaction of human settlements 

with the forest and impact of such interaction on the reserve. Community leaders and randomly selected community dwellers 

in each of the selected settlements were sampled for group discussion to obtain information on population and services of 
the forest that attract them to the reserve. Landsat images of 1984 and 2019 were used to extract land cover types using 

maximum likelihood classifier in Idrisi environment. The level of attractiveness and Interactions of the communities with 

the reserve were determined employing gravitational model. Results show that there was an increase in the size and number 
of settlements within the study area and decrease in in forest cover by 34% and 6.02% respectively. It was also revealed from 

the study that about 39% of the total area was taken over by development (building, roads and other classes) within the forest 

reserve, while 3% of the developed area gave way to forest cover. The degraded parts of the reserve in recent time was about 
16% of the total reserve area and about 78% remained forest cover.  From the results it is obvious that the level of interaction 

and imparts of such interaction depends on the community’s population size rather than distance. It is therefore imperative 

to regulate the activities of adjoining communities and those within the Gambari forest reserve by appropriate authorities. 
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Forest can be defined as an intricate system made up 

of plants and trees that protect biodiversity, providing 

home to terrestrial biodiversity and improving the 

quality of life forms on earth (Popoola, 2014). The 

functionalities of forest ecosystems to the 

sustainability of the earth are quite diverse. They can 

be broadly categorized into environmental functions 

and socio-cultural/economic functions. Therefore, the 

depletion of forests all over the world is predicated on 

the services that are derivable from forests. 

Deforestation is basically the conversion of forested 

areas to non-forested land for several purposes 

basically agricultural, industrial and urbanization 

(Olagunju, 2015). The net loss of forest area has 

decreased substantially since 1990, but deforestation 

and forest degradation continue to take place at 

alarming rates resulting in significant loss of 

biodiversity (FAO, 2020). Ladipo (2010), put the rate 

of deforestation in the Country at between 250,000-

350,000 ha or 3.5% per annum. Today, report by the 

United Nation’s Food and Agriculture Organization, 

FAO (2010) on deforestation trend in Africa, revealed 

that Nigeria has lost more than half of her forests 

within the last fifty years making it one of the countries 

with the highest rate of deforestation in the world. The 

world’s population is increasing at an alarming rate. 

For instance, in 2015 the world population was about 

7.3 billion, and it is expected to reach 9.7 billion in 

2050, and 11.2 billion in 20100 (UN 2015). 

Settlements that are contiguous to forests are usually 

parts of the driver variables when it comes to 

deforestation. People’s relationships with forest 

biodiversity vary from region to region and country to 

country, and also differ widely depending on the 

context – from protected areas with limited human 

activities, to communities deep inside forests, to 

farmed and ranched landscapes, to towns and larger 

urban centers, to the world’s largest cities (FAO, 

2020). Small holder farmers collect fuel wood, 

construction materials, wild foods, and other forest 

products for subsistence (Nerfa et al. 2020). Forest 

exploitation to a large extent, is dependent on the daily 

needs of livelihood of communities living close to it. 

For instance, rural populations depend most 

fundamentally on forests in terms of subsistence, 

health, income and culture (Adebisi, 2008). These 

services notwithstanding, forests are now at risk of 

disappearing due to several anthropogenic activities. 

Many people have migrated from urban areas to 

establish new villages in tropical forests, because of 
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rapid population increase in cities for the last several 

decades (Mackenzie et al., 2012). The rapid expansion 

of these existing communities into protected areas is 

expected to cause severe anthropogenic degeneration 

and fragmentation of natural forests, further 

deteriorating the forest structure and biodiversity of 

important natural tropical forests (Ellis et al., 2010). 

Agricultural expansion into the forest land, timber 

logging, charcoal production and firewood harvesting 

are the major drivers of deforestation in Africa 

(Muhati et al. 2018). Change detection is an important 

tool in investigating the extent of land cover loss and 

gain over time. This is because the extent and pattern 

of land use land cover change (LULCC) is an 

important supporting tool for decision making 

processes (Armenteras et al. 2019; Abebe et al. 2019). 

Substantial research has been conducted to investigate 

the extent of land use land cover change (LULCC) in 

several countries at various times (Ru-Mucova et al. 

2018; Lei and Zhu, 2018). Detecting land use change 

over time has become increasingly important 

consideration for environmental management 

(Mensah et al. 2019). Changes in LULC can alter the 

supply of ecosystem services and affect the well-being 

of humanity (Rimal et al. 2019). From the existing 

land use land cover class, forest is the most threatened 

by anthropogenic driven deforestation (Fokeng et al. 

2019). Methodologies to examine and quantify land 

use and land cover change (LULCC) have been 

evolving due to advances in remote sensing 

technology and the techniques used to combine these 

data with household survey data. In recent years, 

researchers in various academic areas, ranging from 

those who favor modeling (Han et al., 2015), to those 

concerned with the causes and consequences of LULC 

dynamics (Porter-Bolland et al., 2007), have been 

greatly attracted to the issues of LULC changes. The 

consequence of this could be severe environmental 

degradation and low agricultural productivity, 

especially in sub-Saharan African countries, which are 

facing food insecurity problems. To examine the 

extent and impact of human settlements on forest in 

Gambari forest reserve, this study is therefore set to 

empirically evaluate the status of Gambari forest 

reserve and the imparts of surrounding settlements by 

assessing the forest cover changes of the forest 

reserve, attractiveness and interaction possibilities 

between the forest and surrounding communities. 

 

MATERIALS AND METHOD  
This study was carried out in Gambari Forest Reserve 

located in Oluyole Local Government Area (LGA) of 

Oyo state. The Forest Reserve is located within 

latitude 7o 81’ N and 7o 31’N; longitude 3o 49’E and 

3o 221’E (Fig1). It lies within 17 km South-east of 

Ibadan on the Idi-Ayunre-Ijebu-Ode road, Oyo State 

(Haastrup et al, 2020). The adjoining communities 

considered for this study include those listed in table 

4. The Gambari Forest Reserve was declared from 

Ibadan Forest Reserve by a resolution of the Ibadan 

city council passed in September 1899 (Ajibode, 

2002). Both dry and wet season are experienced in the 

reserve. Dry season lasts for 3 months (December to 

February). The average annual rainfall is about 

1140mm and average annual temperature is about 

26.40 oC (800 F) (Larinde et al, 2011). The inhabitants 

of the area are predominantly farmers and hunters 

(Ajibode et al., 2002). Some of the forestry practice 

includes; Planting of trees for both timber and fuel 

wood production; Collection and sales of non-wood 

products such as leaves and bark for herbs, rattan 

(cane), One of the main feature of this forest is that 

most of the plants, climbers and epiphytes are woody 

and of the sizes of trees. The reserve provides 5 major 

NTFPs namely fuelwood, sponge, snails, leave and 

ropes. There is an outstanding diversity of flora and 

fauna. 

 

 
Fig 1. Gambari Forest Reserve 
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Data Collection: This study employed field and 

remote sensing data to achieve its objectives. The field 

data include direct Interview-Key Informant Interview 

(KII), with dwellers of selected adjoining communities 

and field observations. The remote sensing Landsat 

images of 191/55 path and row acquired from the 

official web site USGS were used to assess the status 

of forest cover in the reserve for 35years (from 1984 

to 2019). The images were processed in Idrisi software 

environment to group the pixels into three broad 

classes: settlements, non-forest and forest areas using 

maximum likelihood classifier (Rawat et al 2015)). To 

ensure effective image classification no fewer than 30 

pixels were selected randomly to produce a single 

class (John et al, 2006). Focused group discussions 

were used to obtain information from respondents in 

each of the eight selected communities around 

Gambari Reserve and a forestry personnel working 

within the reserve on his perceived pressure and 

threats posed by various human activities to the forest 

reserve. This made a total of 9 key informants who 

revealed the challenges faced by the communities and 

their needs. To estimate the population of the 

communities, buildings within an area of 0.01km2 

sample size randomly selected were counted with 20 

buildings on the average.  

Data analysis: This study used the gravity concept of 

Newtonian law to assess and analyze the degree of 

interactions between each of the selected settlements 

and the reserve. The law states that two bodies in the 

universe attract each other in proportion to the product 

of their masses and inversely to the square of their 

distance apart (Field et al, 1993). 

F =
𝐺𝑚1. 𝑚2

𝑑2
             1 

 

Where F = Force of attraction between the two 

bodies; m1 and m2= Masses of the two bodies; d= 

distance between the bodies; G = gravitational 

constant. 

 

In the application of the gravity concept to the 

analysis of forest-settlement interaction the 𝐹 is the 

amount of interactions between the bodies (forest and 

settlement), 𝑚1 and 𝑚2 were measured in terms of 

sizes (population) of the ettlement and 𝑑= distance 

between them. Similarly, 

Iij =
KPi.𝑃𝑗

𝑑2
ij

                   2 

 

Where Iij = interaction between i and j; Pi and Pj= 

sizes of i and j (population/); dij= distance between i 

and j; K= a gravitational constant determined 

empirically 

 

The attractiveness of forest reserve to each settlement: 

William Reilly applied the Newtonian law in 

evaluating the attractiveness of two locations or say 

cities 𝑥 and 𝑦 to those people living between the cities. 

Given the situation of choice of movement faced by 

the dwellers living between the two cities 𝑥 and 𝑦, the 

attraction of city x with population Px  to individuals at 

𝑦 location, distance dx from  𝑥, will be (Field et al, 

1993). 

 

Gx  =  
𝑝𝑖

𝑑𝑖𝑗
2              3 

 

Where Gx  = the force of attraction of x to j 
 

Similarly, 

𝐺𝑦  =  
𝑝𝑦

𝑑𝑖𝑗
2                      4 

Where Gy = The force of attraction of y to  j 

 

K is determined by equation 7 given, 

𝐸(𝑇𝑖𝑗) = 
∑ 𝑇𝑖𝑗

𝑛
 =   

𝐾 ∑ 𝑃𝑖𝐻𝑗
𝑛
𝑗

𝑑𝑖𝑗
2

𝑛
⁄

             5 

 

Then,  

 ∑ 𝑇

𝑛

𝑗 𝑖𝑗

= (𝐾 ∑ 𝑃𝑖𝐻𝑗𝑑𝑖𝑗
−2

𝑛

𝑗

)             6 

Therefore, 

  𝑘 =  
∑ 𝑇𝑖𝑗

𝑛
𝑗

∑ 𝑃𝑖𝐻𝑗𝑑𝑖𝑗
−2𝑛

𝑗

                    7 

 

The possibilities of interaction between the forest and 

surrounding communities: This is the probability of 

interaction between the reserve and each of the 

communities. This is calculated using equation 8. 

𝑃𝑟𝑖𝑗 =

𝑝𝑖

𝑑𝑖𝑗
2⁄

∑
𝑝𝑖

𝑑𝑖𝑗
2⁄

                   8 

 

To calculate the distance 𝑑𝑖𝑗 , relative mean distance as 

crow flight was estimated from each settlement to the 

surrounding degraded (non-forest) areas. 𝐻𝑗 is the 

number of services that attract such settlement to the 

reserve,  𝑃𝑖   is the population of each settlement given 

a household threshold of six persons per resident 

(Banjo et al, 2018). The population of the selected 

settlements was estimated by dividing the size of each 

community by sample size multiplied by the 

household size (equation 9). 

𝑦𝑒 =
𝐴. 𝑥

𝑆
                            𝟗 

 



Human Settlements Interactions and Deforestation in Gambari…..                                                                1032 

AGBOR, CF; ALO, AA; AIGBOKHAN, OJ 

Where 𝑦𝑒is the estimated population, 𝐴 as the area of 

each selected settlement, 𝑥 is the household size 

and 𝑆 is sample size.  

 

 
Fig 2. Flow chart for typical interaction model 

 

RESULTS AND DISCUSSION 
The distribution of settlements, non-forest and forest 

cover is shown and their changes are shown in tables 

1 and 2 respectively. There was an increase in the size 

of settlements within the study area and decrease in 

forest cover by 34% and 6.02% respectively (figure 3). 

About 39% of the total area was taken over by 

development (building, roads and other classes) within 

the forest reserve, while about 3% of the developed 

area gave way to forest cover. The degraded parts of 

the reserve in recent time was about 16% of the total 

reserve area and about 78% remained forest cover. 

(Figure 4). Table 3 shows the calculated attractiveness, 

estimated population, forest services, degree of 

interactions and possibility of interaction and 

estimated distances from selected communities to the 

forest reserve with 𝑘 as 0.095. Onigambari and 

Ogunmakin visit the forest for all the services, while 

Akaka and Ajebo are attracted to the forest for two 

services based on the information derived from field 

survey (Table 3). From figure 4, it is obvious that the 

interaction of the communities with the reserve is 

highly dependent on the services  provided by the 

forest irrespective of the distances. As shown in figure 

5. The level of attraction of the forest reserve has 

strong relationship of about 99% with the degree of 

interaction by the communities.  

 
Fig 3. Land cover distribution in Gambari forest reserve in 1984(a) 

and 2019(b) respectively 

 
Table 1: Land Cover statistics 

LCT 1984 2019 

Area (Km2) % Area (Km2) % 

Settlements 0.56 0.23 1.35 0.57 

Non-Forest Cover 23.56 9.90 37.09 15.58 

Forest Cover 213.90 89.87 199.58 83.85 

TOTAL 238.01 100.0 238.01 100.0 

 

 
1=Settlements, 2=Non-forest and 3=Forest cover 

Fig 4. Land cover changes between 1984 and 2019 in Gambari 

forest reserve. 

 

The results explain that distance is not a barrier in 

determining the influence of the communities on the 

forest reserve. The results also revealed in figure 7 that 

the interaction depends on the community’s 

population size. With a strong relationship of about 

95%. The correlation that the study has identified  

between the settlements’ population and interaction 

seems to have led to the pressure of the communities 

on the reserve resulting into serious loss of forest cover 

to settlements and other activities as shown in table 3. 

Again, the high level of interaction with Ogunmakin 

must have caused the springing up of enclaves within 

the reserve area in recent years (figure 3b). 
 

Table 2: Cross classification of 1984 and 2019 images. 

Land Cover Area (Km2) % 

Settlements 0.14 0.06 

Non-Forest to Forest 0.29 0.12 

Forest to Settlements 0.92 0.39 
Settlements to Non- Forest 0.35 0.15 

Non-Forest 8.80 3.70 

Forest to Non-Forest 27.94 11.74 
Settlements to Forest 0.07 0.03 

Non-Forest to Forest 14.47 6.08 
Forest Cover 185.04 77.74 
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Table 3: adjoining communities and their statistics 
Settlements (𝑇𝑖𝑗)  (𝑃𝑖) (𝐻𝑗))  (D2ij) lij 𝑃𝑟𝑖𝑗 

Idi- Ayunre 2790.2 1476 3 5.29 793.4 0.041 

Onipe 51.9 600 3 11.56 14.8 0.001 

Onigambari 49.97 840 5 16.81 249.9 0.001 

Mamu 203.1 4680 4 23.04 812.5 0.003 

Abata 1.06 120 4 112.4 4.3 0.00002 

Akaka 1.09 120 2 110.3 2.2 0.00002  

Ogunmakin 1349.5 1560 5 11.56 6745 0.02 

Ajebo 67.5 1380 2 204.5 135 0.001 

Ishara 106 1764 4 166.4 424.0 0.002 

Total  4620.3 6816 32 656.5 - - 

 

 
Fig 4. Relationship between attractions and interactions 

 

 
Fig 5. Relationship between interactions and distance 

 

 
Fig 6. Probability of interactions and attractiveness 

 

 
Fig 7. Population and interactions relationship 

 

The transition of developed area to forest may not be 

unconnected to the efforts of the forest managers and 

other relevant authorities to discourage devastating 

human activities within the reserve (Faleyimu et al, 

2012). The increase in the settlement area was so large 

that the impact represents an important fraction of 

deforestation within the forest reserve. This study 

equally identified that the possibility of the 

communities interacting with the forest for every 

forest service is very high and found an important 

effect of Idi-Ayunre and Ogunmakin settlements on 

deforestation. Quantitatively, the study also revealed 

that all the selected settlements are responsible for 

deforestation in the reserve, with Akaka and Abata 

with least possibilities. 

 

Conclusion: This study depicts the relevance of 

geospatial techniques in assessing interactions 

between man and his environment. The results of this 

study show that all the communities selected are 

attracted to the forest for one service or the other at 

different degrees. It is also observed that interactions 

are not dependent on distance. The probability of 

interactions is generally low but relates strong with 

level of attractiveness, which means the communities’ 

dwellers visit the reserve as much as they are attracted 

to it irrespective of distance, with population as the 

major determinant. 
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