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The purpose of this study is to evaluate the viability of wildlife corridors between the Benue National 
Park and the Faro National Park through the hunting areas, by identifying the main threats to their 
integrity, mapping of land use, characterization of their flora and the wildlife inventory that frequents 
these corridors in order to propose measures for their sustainable management. Field observations, 
land use mapping from the 2016 Landsat 8 image classification, and 60 floristic surveys at six sites 
(corridors) on 20 m × 20 m plots treated under R resulted in the following results: nine types of 
activities were identified, including logging, agriculture, grazing and forestry. With gold panning the 
main threats to corridors, the species mostly used by these farmers are Piliostigma thonningii (82.674 ± 
4.24), Combretum sp. (78.18 ± 4.01) and Tamarindus indica (75.06 ± 3.85) among the most threatened 
woody species. On the floristic level, vegetations under the influence of anthropic activities present a 
large number of rejections, a small number of adult stems. The Shannon diversity index varies between 
4.30 and 5.07 in all corridors. On the other hand, the index of equitability varies from 0.50 to 0.59. On the 
faunal plan, 204 individuals, belonging to 12 animal species, grouped into 6 families frequent the 
corridors. This number is well below what was achieved in 2010 when there was a decrease of 1024 
individuals in the corridors, a decrease rate of 83.38%. In the face of these threats, which risk 
irreversibly damaging the corridors, a restoration and conservation plan for these corridors that will 
integrate community management based on strengthening the participatory approach is essential. 
 
Key words: Corridor, planning, national park, biodiversity, inventory, socio-economic surveys, anthropogenic 
activities, north. 

 
 

INTRODUCTION 
 

The fragmentation and destruction of habitats that result 
from  human  activities  are  considered  to  be  the  major 

causes of biodiversity loss. This erosion is at the heart of 
a major  challenge  that  mobilizes  the  world  community
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(Béné and Lawan, 2006). The World Conference on 
Sustainable Development held in Rio de Janeiro in 1992 
and the V World Parks Congress in Durban in 2003 
presented several measures to preserve biodiversity. 
These include networking, maintaining or rehabilitating 
corridors to address the shortcomings of past 
conservation strategies which were based on the 
protection of isolated areas, and the effects of ecosystem 
fragmentation on the loss of natural resources (Carrière 
et al., 2003). These conservation measures are at the 
heart of new public policies for conserving territories and 
wildlife. However, their implementation and monitoring 
are not always ensured in developing countries due to 
the various circumstances and pressures. An analysis of 
the integrity of these devices is essential to evaluate the 
effectiveness of planning and conservation, especially 
given that the critical role of corridors in the efficient 
conservation of fragmented landscapes and wildlife, and 
the efficacy of conservation plans in addressing them is 
crucial (Kiffner et al., 2016). 

Conservation biologists recommend increasing 
connectivity between habitats to maintain, and if possible, 
improve the viability of populations of target species 
(Bennett, 1999). The current option for restoring 
connectivity is to establish corridors between 
disconnected habitats. The biodiversity conservation 
corridor is derived from the island biogeographic model 
(McArthur and Wilson, 1967) and the metapopulation 
theory (Bonnin, 2008). A corridor is a linear element of 
the landscape connecting habitats within a rather 
unfavorable environment (Kindlmann and Burel, 2008); it 
is a narrow piece of habitat, linear or not, that connects 
larger habitat patches and is surrounded by a non-habitat 
matrix (McArthur and Wilson, 1967). In general, corridors 
fulfill several roles: habitat (permanent or temporary), 
channel or corridor for the dissemination of species, filter, 
barrier, source (individuals emanating from the corridor) 
or wells (Forman and Godron, 1986; Bennett, 1999). 
Bennett (1999) prefers that the term be linked to that of a 
corridor to emphasize the function of conduit and that of 
landscape connectivity. The purpose of landscape 
linkages is to provide regional connectivity (Harris, 1985). 
Rosenberg (1995) cited by Narké (2017) notes a 
confusion in the use of the term corridor both structurally 
and functionally. On the one hand, the connectivity 
provided by the corridor is structural, in the form of a 
landscape link (Narké, 2017) and on the other hand, it is 
functional and contributes to the maintenance of 
metapopulations (Bonnin, 2008). In this study, we will 
focus on the structural aspect of corridors. Depending on 
the scales involved, the corridors interact on a given 
species to constitute either a passageway or an 
impassable obstacle. 

The region of North Cameroon is central to several 
socio-economic and environmental issues. 40% of its 
surface area is subject to nature protection regulations (3 
national parks - Benue,  Bouba Ndjidda and Faro, and 28  

 
 
 
 
areas of hunting interest - ZIC). However, the sustained 
demographic growth of this region, which increased from 
7.5 habs/km² in 1976 to 31 habs/km² (RGPH, 2010) due 
to the massive arrival of migrants from the more 
populated regions of the far North of Cameroon were 
accompanied by the progression of a pioneering 
agricultural and pastoral front. These events had major 
environmental consequences, particularly for protected 
areas and their surrounding areas. Indeed, the size of the 
areas cleared annually and the consequent fragmentation 
of space following these clearings limits the mobility of 
wildlife in the region. For example, conservation corridors 
(Figure 1) have been negotiated and created along the 
national No.1 to facilitate the passage of wildlife between 
these protected areas (Danah, 2001). 

After their installation, these devices come under 
increasing anthropic pressure due in part to uncontrolled 
land occupation. These corridors implemented through 
the program of Conservation and Management of 
Biodiversity in Cameroon (PCGBC) resulted from the new 
conservation orientation initiated in 1999 and based on 
the ecoregion approach (Saleh, 2012). Indeed, this 
project named GEF-Biodiversité aims at the conservation 
and development of the Benue complex composed of the 
Benue National Park (BNP) and adjacent hunting areas 
(Saleh, 2012). This project is composed of NGO 
implementing agencies like the World Wide Fund for 
Nature (WWF), the Dutch Society for Development (SNV) 
and the Cooperation Fund (FAC). The project organized 
populations which led to micro-zoning, the negotiation of 
rules and agreements as well as the installation of 
corridors, their materialization and management 
mechanisms (Saleh, 2012). But the non-consideration of 
migrants in the process will be decisive for the 
sustainability of conservation systems. 

Reduction of the activities of the executing agencies of 
the program and the cessation of these in 2011, as well 
as the small number of eco-guards with very little 
motivation, are leading migrant populations to increase 
their numbers, in search of vital space to storm the 
corridors and extend their fields. Thus, biodiversity 
degradation has progressed from the simple nibbling of 
corridor margins to a real establishment of the fields in 
the corridors compromising the mobility of animals to 
move from East to West of ZIC 1, 4 and 5. These threats 
have led to the extreme degradation of the fauna and 
flora biodiversity. The critical situation of these corridors 
raises questions about the viability of these tools, which 
are supposed to ensure the mobility of wildlife. 

Several studies have been conducted on the 
management of plant and wildlife resources in this area. 
Siroma (2002) identified wildlife corridors in ICAs 
(cynegetic hunting areas) 7, 8 and 14 of the Benue 
National Park Complex. Tsakem (2006) proposes to 
improve the income of the neighboring populations to be 
able to conserve more of the natural resources. Ndamè 
(2007) indicated that the exclusion of riparian populations  



 
 
 
 
by the public authorities in the management of natural 
heritage would pose a major challenge in the sustainable 
management of resources. The impact of human 
activities on protected areas in the northern region, 
especially the corridors in the Benue National Park 
complex, has been analyzed by Siroma (2007). 
Vounserbo (2010) made an inventory of the corridors of 
cynegetic hunting areas 1 and 4 peripheral to the Benue 
National Park. The studies highlight that these corridors 
are under multifaceted pressure, but play their roles in 
moving wildlife from one protected area to another. But, 
what about the current state of the corridors? This article 
attempts to evaluate the viability of these corridors by 
identifying the main threats to their integrity through the 
mapping of land use (2016), characterization of the flora 
and the wildlife inventory that frequents these corridors in 
order to propose measures for their sustainable 
management. 
 
 

MATERIALS AND METHODS 
 

Location of the study area 
 

The Benue National Park (BNP) is located between 7° 55 to 8° 40 
north latitude and 13° 33 to 14° 02 east longitude. It is part of the 
network of protected areas in the region of North Cameroon which 
has 3 national parks, 28 areas of hunting interest, 2 zones of 
hunting interest in co-management and 2 zones of hunting interest 
in community management. BNP covers an area of 180,000 ha and 
is limited: to the north by Mayo Lade and Laindelaol courts; to the 
south by the course of Mayo Dzoro; to the East by the course of the 
Benoue River; and to the West by the Ngaoundere - Garoua N ° 1 
main road, from the Mayo Dzoro bridge to the Banda village; the old 
Ngaoundere-Garoua Road, from Banda to ex-Djaba; by trunk road 
No. 1, from ex-Djaba to the bridge over Mayo Salah through the 
course of Mayo Salah until the confluence with Mayo-Lade. 

The periphery of the BNP includes the 8 areas of hunting interest 
(ZIC 1, 2, 3, 4, 5, 7, 9 and 15), among which are ZIC 1 and 4 for the 
co-management between the MINFOF (Ministry in charge of 
wildlife). The riparian population have respective areas of 39,552 ha 
and 40,640 ha (Tsakem, 2006). These two areas (ZIC 1 and 4) and 
the park constitute the sites of this study. The agreement signed 
between the local populations and the Ministry in charge of wildlife 
stipulates that management of these areas must be done jointly by 
both parties. The actual limits of these ZICs are defined by decree 
N° 0580 / A / MINEF / DFAP / SDF / SRC of August 27, 1998. 
According to Siroma (2007), seven corridors have been created 
and materialized on the national road N° 1 for a total length of about 
39 km. In our work, we chose six of the seven and neglected 
Buffon's cobe corridor whose boundaries are no longer in good 
condition (Table 1). 
 
 

Methods 
 

The methodological approach is based on the identification of 
threats, the mapping of land use, the characterization of the flora 
and the monitoring of the wildlife species that circulate in the 
corridors. 
 
 

Identification of threats to corridor integrity and land use 
mapping 
 

Thus, logging, poachers' encampments, setting  up  fields,  pastoral 
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activities, gold panning, and honey extraction observed in the 
corridor were identified. This step consisted in identifying the 
different human activities. Identification of threats to the corridor 
includes marking a starting point at each end of the corridors, from 
which we head inland, and at every 5 km, we made 90° angle 
inside the corridor and continued parallel to the axis of the corridor. 
Afterwards, we took a perpendicular angle to exit the corridor. 
Given the short length of the Forest Gallery Corridor, we divided it 
in two. The various human activities (logging, poaching camps, field 
installation, pastoral activities, gold panning, honey extraction, etc.) 
observed in the corridor were noted. Using GPS points, the area of 
each site marked by anthropogenic activities was measured in 
order to quantify the extent of these activities. Whereas the land 
use mapping that follows the identification of corridor threats is 
based on the use of Landsat 8 (Coordinates) image data (30 m 
spatial resolution) from December 2016, the methodology used is 
based on analog and digital processing of satellite images 
predicated on the recognition of objects from field observations 
(Aoudou, 2010). 
 
 

Characterization of the flora 
 
Characterization of flora aims to better appreciate the floristic state 
of the various corridors. The collection of floristic data was made in 
each corridor of 20 m x 20 m, that is, 400 m2 each, for a total of 60 
floristic surveys for all corridors. Surveys are scattered throughout 
the study area. 
In each plot, the plant species were identified to measure the height 
and the diameter of the trunk at 1 m, 30 for species larger than 2 m 
and to count all the species in the plot including those which are 
less than 2 m high. The vegetation analysis focused on floristic 
diversity and its structures determined from the following 
parameters: 
 
(i) Ecological profile 
 
This was done using the abundance parameter. Abundance refers 
to the total number of individuals of the species. Absolute 
abundance is the total number of individuals of the species over the 
total number of individuals in the study site. Relative abundance is 
the ratio of absolute abundance to the total number of individuals in 
the community. 
 
(ii) Basal area 
 
It is given by the formula: Gi = π DH

2 / 4 where Gi is the basal 
surface of the species i, and DH is the diameter of the species. 
 
(iii) Diversity and equitability 
 
Specific diversity is analyzed using diversity indices (Magurran, 
1988; Kent and Coker, 1992). They are: 
 

(a) Shannon index 
It is an indicator of specific wealth. It is given by the formula: 
 

 
 

H': Shannon Biodiversity Index 
i: a species of the environment 
p (i): proportion of a species i relative to the total number of species 
(S) in the study milieu (or specific diversity of the environment) 
which is calculated as follows: p (i) = ni / N where ni is the number 
of individuals of the species and N is the total number of individuals,

H′ = − Pi ln Pi

s

i=1
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Figure 1. Disposition of wildlife corridors. 

 
 
 

Table 1. Presentation of the corridors on the national road N° 1. 
 

Corridor’s Name Corridor limits (location) Total length of the corridor (km) 

Buffon’s Cobe Mayo-zoro and Gave 4.6 

Giraffe Pont and Gamba and Wani                                       9.1 

Buffalo Banda and Sakdje                                                 5.1 

Forest gallery Bouk and Dogba                                                   1.6 

Cobe  Defassa Dogba and Djaba                                                 2,5 

Eland  Derby Mamguienwa and Guidjiba                                  8.5 

Hippotrague Guidjiba and Mayo- Salah                                    7.2 

Total 
 

38.6 

 
 
 
all species combined. 
 
(b) Simpson's index 
It calculates the probability that two individuals selected randomly in 
a given environment are of the same species. 
 
D = Σ Ni (Ni-1) / N (N-1) 
 

D: Simpson's index 
Ni: number of individuals of the given species. 
N: total number of individuals. 

(c) Jaccard’s coefficient of similarity 
It enables comparison of the different plots and is given by the 
formula: 
 
PJ = c / (a + b-c) x 100 
 
Where a = number of species from list a (Medium 1); b = number of 
species in list b (Medium 2), c = number of species common to both 
environments. 

The similarity between habitats is expressed by a high value of 
this index. 
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Figure 2A, B, C. The different techniques of tree cutting. 

 
 
 
The Hamming distance proposed by Daget cited by Le Floch (2007) 
is added to this index to compare floristic records according to the 
formula: 
 
H = 100 – PJ 
 
where PJ is the Jaccard index. The selected thresholds are shown 
in Table 3. 
 
 
Interclass analysis of AFC (component factor analysis) under 
R software 
 
The interclass analysis of the AFC links a table of descriptive 
variables grouped together in a table x (number of species) species 
on the one hand, and a table of explanatory variables that can 
explain the structure of the communities on the other hand. This 
studies the differences existing between the classes while 
optimizing the distribution of the centers of gravity of the classes. It 
is represented by the factorial map (space with two or three 
dimensions with n dimensions) with each survey surrounded by its 
species and each species surrounded by surveys. The study of 
maps makes it possible to isolate groups of records that are closest 
to each other in space because of their floristic composition. This is 
how the nearby corridors were determined by their floristic 
composition. The interclass analysis of the AFC was applied to the 
60 measurements taken in the corridors. 
 
 
Determination of the number of wildlife visiting the corridors 
 

Direct and indirect observations (footprints or droppings) have been 
used to determine the numbers of wildlife that frequent the 
corridors. Information on the species, number of individuals and the 
time of observation were noted on the collection sheet. This method 
was applied by the WWF/PSSN in 2010. The information collected 
at WWF and the interviews with resource persons made it possible 
to trace the evolution of the number of wildlife in the corridors. 
 
 
Des données cartographiques 
 

To produce the land cover map and evaluate the percentage of 
land  use  of  the   different   types   of   space   occupation,  remote  

sensing through the analog and digital processing of the satellite 
imagery was used, based on the recognition of objects from field 
observations (Aoudou, 2010). The land use mapping that follows 
the identification of corridor threats is based on the use of 2016 
Landsat 8 image data, with 184/54 coordinates and 30 m spatial 
resolution. 

 
 
RESULTS AND DISCUSSION 
 
Identification of threats related to corridor survival 
 
Nine types of human activities have been identified in the 
corridors. These include logging, poaching, grazing, farm 
planting, gold panning, habitat installation, use of trails 
and coal ovens across the corridors. Woodcutting is the 
most popular activity and alone accounts for 52.63% of 
the observed activities. Wood is cut either for cooking 
food or for sale, and for the manufacture of coal or 
agricultural land clearing. Figure 2a, b and c illustrate the 
different techniques of tree cutting. Indeed, wood is the 
main source of energy used, and also represents a 
significant source of income for the population that 
effuses through the National road No. 1 to truckers and 
other people. Its collection was formerly practiced in 
Multiple Use Zones (MUZ). However, increase of the 
population and arrival of the migrants led to excessive 
cutting of the wood. This cut is now done inside and 
outside the MUZ. The most commonly used are: 
Isoberlinia spp., Acacia spp., Vitex spp., Anogeissus 
leiocarpus, Hymenocardia acida. 
 
 
Agricultural practices 
 
Agriculture accounts for 22.44% of the observed 
activities. The main crops grown in the locality are cotton 
(Gossypium  hirstum)  grown  largely  by  migrants, maize  

Photo A: Wood cutting 
 

Photo B: Felling of the 
tree marking the limit of 
the corridor 

 
Photo C: Trees cut for 
installation of new fields 
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Figure 2D and E. slash and burn agriculture. 
 
 
 

 
 

Figure 2F and G. The grazing actions in the corridors. 

 
 
 
(Zea mays), millet (Sorghum spp.), Groundnut (Arachi 
shypogea) and yam (Dioscorea spp) which is more 
practiced by natives, and cowpea (Fasiolus spp) which is 
a slash and burn agriculture (Figure 2D and E). We 
observed a total of 81 farms. The Giraffe Corridor alone 
records 31 observations on the Eland Derby Corridor, 
comprising six farms. Expansion of agriculture in the 
corridors is due to the fact that there is more and more 
numerous and uncontrolled migrants installing farms in 
the corridors, though forbidden from use. Once free, 
corridors such as  the  Buffalo  Corridor,  the Hippotrague 

Corridor and Cobe Defassa are experiencing an increase 
in human activity. This remarkable increase in this activity 
is due to lack of awareness of the riparian population to 
monitor the integrity of the corridors (Figure 3). 
 
 
Livestock 
 
This is the third activity that accounts for 7.2% of the 
observed threats. Figure 2F and G illustrate the grazing 
actions  in  the  corridors with all corridors affected by this  

 

Photo D: millet field in the forest 
gallery corridor 

 

Photo E: cotton field in Derby Eland 
Corridor 

 

 

Photo F: Peulh camp observed in the 
gallery forest corridor 

 

Photo G: herd of oxen observed 
Derby Eland corridor 
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Figure 3. correlation between wildlife corridors and human activities. 
 
 
 

activity. In this study, 25 livestock cases were observed. 
The Giraffe and Buffalo corridors are more intensively 
grazed. Extensive breeding poses a significant threat to 
wildlife with the risk of contamination between pets and 
wildlife through disease and destruction of wildlife habitat. 
This activity is reflected by the presence of shepherd 
camps near or in the corridors, herds of grazing cattle 
and the transhumance tracks observed inside the 
corridors. Similarly, pruning of woody species such as 
Afzelia africana, Ficus sycomorus, Daniellia oliveri and 
Pterocarpus sp. by breeders for feeding animals provides 
evidence of livestock presence. This pruning disrupts 
habitat and therefore threatens biodiversity in BNP and 
its periphery. The inadequacy of surveillance teams 
aggravates this situation. Farmers are no longer afraid of 
the threats and sanctions imposed by the eco-guards. 
They negotiate for money to graze in the corridors and in 
the park. 
 
 
Other forms of anthropizations 
 
In order of importance, tracks of gold panning, coal kilns, 
human habitat, honey extraction, and poaching are the 
other important anthropogenic threats. Thus, 26 cases of 
trails were observed which constitute 6.37%. This activity 
has increased considerably compared to previous years, 
with the population using track to go cut wood in their 
fields, looking for gold. 

The gold panning is done in the  beds  of  Mayo  and  is 

manifested by the upheaval of the earth in the bed of 
Mayo. It is more practiced in the village of Djaba and less 
in the village of Guidjiba. The rare observation (3.32%) of 
this activity can be explained by the fact that our study 
was carried out during the dry season, resulting in a lack 
of water to wash the gold. Poaching has reduced 
compared to 2007 when there were five seizures of 
poaching equipment such as firearms, spears, cartridges 
and even a motorcycle. This decline may be due to lack 
of animals in the corridors that bring poachers to the 
park. These observed practices are at the origin of the 
degradation of the corridors. The presence of humans in 
environment influences the movement of animals either 
to reproduce or to feed or seek a more secure 
environment. 

Table 2 shows that the most affected corridor is the 
forest gallery with 25.48% of observed threats. This is 
due to the fact that the migrants settled on the side of 
Dogba come to their fields and cut the wood in this 
corridor. The forest gallery is followed by the Girafe 
corridor with 23.5% of threats observations. These 
threats have been more widely observed in Banda-Wani 
where people are coming to fetch wood for coal 
production. Also, the corridors Cobe Defassa and 
Hippotrague each with 15% of observations and finally 
the Eland Derby corridor is the least attacked corridor. 
Only 11.6% of threats are recorded, which explains the 
high frequency of animals in this corridor. 

According to our investigations, Piliostigma thonningii 
(82.674  ±   4.24),   Combretum  sp.  (78.18  ±  4.01)  and
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Table 2. Number of individuals observed (N), Shannon diversity indices (H) and Pielou equitability scores (E) for the 
different corridors, D = Simpson index. 
 

        Corridors 

Indices 
Buffle Girafe Galerie forestière Eland de derby Cobe Défassa Hippotrague Moyenne 

N 374 433 581 412 466 511 
 

H 5.07 4.30 4.94 4.96 4.43 4.76 4.74±0.89 

E 0.59 0.50 0.58 0.58 0.52 0.56 0.56±0.25 

D 0.04 0.11 0.4 0.4 0.1 0.05 0.18±0.14 

 
 
 

Table 3. Jaccard floristic similarity coefficients and Hamming distances between different media. 
 

Variable 
Buffle Galerie forestière Eland de Derby Hippotrague Cobe défassa Girafe 

PJ H PJ H PJ H PJ H PJ H PJ H 

Buffle 100 0 38.2 61.8 44.55 55.45 42.18 57.82 53.55 46.45 39.9 61.1 

Galerie forestière 38.2 61.8 100 0 43.45 56.55 50.5 49.5 49.35 50.65 67.8 32.2 

Eland de Derby 44.55 55.45 43.45 56.55 100 0 51.25 49.75 87.5 12.5 69.2 30.8 

Hippotrague 42.18 57.82 50.5 49.5 51.25 49.75 100 0 49.2 50.8 47.23 52.77 

Cobe de fassa 53.55 46.45 49.35 50.65 87.5 12.5 49.2 50.8 100 0 45 55 

Girafe 39.9 61.1 67.8 32.2 69.2 30.8 47.23 52.77 45 55 100 0 
 

PJ = Jaccard's index, H = Hamming Distance. 

 
 
 
Tamarindus indica (75.06 ± 3.85) are the most 
endangered woody species. This is due to their overuse 
for different uses such as firewood (Piliostigma 
thonningii), livestock (Afzelia africana), coal production 
(Terminalia sp.), Handicraft (Boswellia dalzielii), 
construction (Anogeissus leiocarpus), traditional medicine 
(Piliostigma thonningii), and also food (leaf of Balanites 
aegyptiaca).   
 
 
Floristic composition of corridor’s vegetation 
 
Sixty surveys were conducted in all corridors of the UTO 
Benue. To this end, 2869 woody individuals were divided 
into 99 species, and 70 kinds and 36 families were 
inventoried. The Forest Gallery corridor is the richest in 
biodiversity with 581 individuals, 57 species, 37 kinds and 
26 families. It is followed by the Hippotrague and Cobe 
Defassa corridors, which number 511 and 466 
individuals, 58 species, 56 kinds and 28 families. 
 
 
Indices and equitability 
 
The number of woody species observed and the 
Shannon-Weaver and equitability indices calculated for 
all corridors show that all corridors are diversified; also, 
the Buffalo corridor has a higher index (5.07). This high 
diversity reflects the presence in each corridor of a 
multitude of plant species that are relatively abundant. 
This  offers   animals   a   variety  of  foods  and  shelters. 

Equitability index values are consistent across all 
corridors. These values reflect a distribution of individuals 
within species in each corridor. 
 
 
Comparison of different vegetal formations 
 
The Jaccard test (Table 3), which estimates the 
homogeneity or heterogeneity of the vegetation, shows a 
strong floristic difference between the Buffalo and the 
Forest Gallery (61.8%), and average between 
Hippotrague and Cobe Defassa (50.8%).  This reflects a 
relativity heterogeneity between these environments 
(corridors). However, this value is low between Eland de 
Derby and Giraffe (30.8%), as well as between Forest 
Gallery and Giraffe (32.2). The floristic difference is very 
small between Cobe Defassa and Eland Derby (12.5%). 
The very slight floristic difference between Cobe Defassa 
and Eland Derby reflects a large number of similar 
species that they contain. 

The interclass analysis of the AFC highlights the 
particular structure of plant formations along the 
corridors. Indeed, the examination of the factorial axes 1 
and 2 of the diagram (Figure 4) makes it possible to 
individualize two large sets following a North / South 
gradient. These are the corridors located north of the axis 
(Cob de Fassa, Eland derby, Hypotrague) which are 
distinguished from those located in the south (Buffalo, 
Gallery forest and Giraffe). The corridors located in the 
north are characterized by species such as: Burkea 
africana,   Strycknos  inocua,  Monotes  kerstingii,  Anona  
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Figure 4. The facies distinction. 

 
 
 
senegalense, and Hymenocardia acida. Corridors in the 
south are mainly composed of: Vitellaria paradoxa, 
Terminalia glaucescens, Vitex doniana, Isoberlinia doka, 
Prosopis africana, Ziziphus mucronata (Figure 5). 

The horizontal structure of the vegetation is dominated 
by individuals with a diameter between 10 and 20 cm. 
This class is highly represented in the Hippotrague and 
Buffalo corridors (114 and 110 individuals / ha). In the 
Derby Eland Corridors and Forest Gallery, the number of 
individuals  in   this   class   is   38  individuals/ha  and  52 

individuals/ha, respectively. Woody trees with a diameter 
greater than or equal to 30 cm are less numerous in the 
vegetation. Those of diameter between 20 and 30 cm are 
found in the corridors Buffalo and Giraffe. This 
overrepresentation of discards reflects the effect of 
logging, to which can also be added the action of bush 
fires and overgrazing. The highest basal area is found in 
the Forest Gallery Corridor (7530.29 m

2
/ha) followed by 

Cob Defassa (6992.32 m
2
/ha). The Giraffe corridor 

occupies  a  very low basal area of 3936.10 m
2
/ha, due to  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The facies distinction 
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Figure 5. Distribution in height categories of the number of individuals from the six sites. 

 
 
 

 
 

Figure 6. Number of wildlife users according to corridors. 

 
 
 

the fact that it consists largely of rejects. The low basal 
area of the Eland Derby Corridor (5153.33 m

2
/ha) is due 

to the scarcity of trees that are destroyed for the benefit 
of crops. 
 
 
Corridor use by wildlife 
 
Here, we counted a total of 204 individuals of different 
animal species in the six corridors. These individuals are 
unequally distributed among these different corridors. 
Figure 6 illustrates the distribution of animals in each 
corridor. The Derby Eland Corridor (108) and Buffalo (48) 
are the most frequented by wildlife, while Giraffe Corridor 
(10) and Forest Gallery (3) are less crowded. This 
difference in corridor use by wildlife can be explained by 
the fact that villages near the Girafe Corridor and the 
Forest Gallery are more populated than those near the 
corridors  Hippotrague,  Eland  de  Derby  and  Buffalo.  It 

may also be noted that the less used corridors are more 
or less those with a small area. The proximity of the most 
used corridors to the BNP also explains this difference. 
Indeed, the corridors connected directly to the park 
(Eland de Derby and Buffalo) are the most frequented by 
the fauna unlike those distant from the park (Gallery 
Forest and Giraffe). 
 
 
Diversity of wildlife species observed in corridors 
 
These are animals that frequent the corridors installed in 
hunting areas 1 and 4, ranked by order and by family in 
each corridor. Thus, 12 animal species belonging to 6 
families and 4 orders were identified. The artiodactyls 
which are the most diversified order in terms of species 
with 2 families and 8 species is 87.75% of the 
observations, followed by Primates (8,33), carnivores (2 
families  and  2  species) with (3,43%) and rodents (0.49)

 

0

50

100

150

200

250

300

350

400

450

500

[0-2[     [2-5[    [5-10[         10≤ 

N
u

m
b

e
r 

o
f 

in
d

iv
id

u
al

s 
/ 

h
a

 

Height class (m) 

Buffle

Girafe

Galérie forestière

Eland de derby

Cobe defassa

Hippotrague

 

0
20
40
60
80

100
120

N
u

m
b

er
 o

f 
a

n
im

a
ls

 f
re

q
u

en
ti

n
g

 

co
rr

id
o

rs
 

Corridors 



Alabi et al.         51 
 
 
 

Table 4. Evolution of the density of wild animals between 2010 and 2014 in the different corridors. 
 

                Year 2010 2014 

               Corridor 

Species 
Buffalo 

Forest 

Galery 

Cobe 
Défassa 

Eland  
Derby 

Hippotrague Buffalo 
Forest 

Galery 

Cobe 
Défassa 

Eland  
Derby 

Hippotrague 

Baboon 47 85 131 161 122 4 0 0 4 9 

Green monkey 43 25 66 67 55 0 0 0 0 0 

Patas 19 13 16 0 28 0 0 0 0 0 

Colobe Guereza 0 0 2 0 0 0 0 0 0 0 

Cobe Defassa 0 4 0 2 12 0 0 0 0 0 

Cobe  Buffon  5 2 13 27 10 40 1 1 56 1 

Hippotrague 10 0 0 1 18 0 0 1 0 4 

Ourébi 0 0 15 1 7 0 0 0 0 0 

African antelope 0 0 0 4 6 0 0 0 14 0 

Guib Harnaché 6 0 5 2 8 0 0 0 0 0 

Red-flanked duiker 3 3 6 5 5 4 2 11 19 6 

Grimm's duiker 4 1 5 6 4 0 0 0 5 0 

Redunca 4 2 0 3 6 0 0 0 0 0 

Buffalo 3 0 0 0 0 0 0 0 0 0 

warthog 11 0 15 9 8 0 0 0 1 0 

Genette vulgaris 0 0 4 0 1 0 0 0 0 0 

Chive 1 1 2 0 7 0 0 0 2 2 

Commun Jackal 0 0 6 3 9 0 0 0 0 0 

Spotted hyena 0 0 3 0 0 0 0 0 3 0 

Serval 0 0 0 0 2 0 0 0 0 0 

Olacode 0 0 0 0 4 0 0 0 0 0 

Burrowing squirrel 3 5 3 0 1 0 0 0 1 0 

Porcupine 0 0 0 2 0 0 0 0 0 0 

African hare 0 0 2 0 1 0 0 0 0 0 

Hedgehog 1 0 0 0 0 0 0 0 0 0 

Savannah Varanus 1 0 0 3 2 0 0 0 0 0 

Guinea fowl 0 7 0 0 0 0 0 0 0 0 

Total 164 151 294 296 329 48 3 13 105 22 

 
 
 

that are very poorly represented. We note the absence of 
some emblematic species such as giraffe (Giraffa 
camelopardalis), lion (Panthéra leo), and elephant 
(Loxodonta africana africana), lycaon (Lycaon pictus). 
 
 

Variety of animals observed by class of protection 
 
The species observed were divided into protection 
classes (A, B and C). Thus, Class B is most prevalent in 
all corridors with 85.29% being dominated by Buffon's 
Cobe that are observed in all corridors. The strong 
presence of Cobe de Buffon may be due to the 
disappearance of their predators, which are the panther 
and the lion in the area. It is followed by classes C and A 
which represent respectively 8.82 and 5.88%. Class A is 
represented only by Grimm's duiker and reedbuck and 
observed only in the Eland corridor of Derby and Giraffe. 
The strong presence of classes B and C may be due to 
the fact that these species are highly mobile compared to 

class A animals, which are generally large. Another 
reason could be related to habitat fragmentation and 
poaching that is more pronounced on Class A species for 
their meat and trophy. According to our surveys, the 
absence of certain species could be explained by the 
establishment of fields in their habitat and poaching 
prevents them from frequenting these corridors of 
passage. It can be explained by the seasonal migrations 
of certain animals in the dry season in search of food, 
water and sometimes mineral salts inside the park or to 
another nearby park (Table 4). 
 
 

Influence of human activities on fauna and flora 
 
The monitoring of the corridors shows that there is a 
strong dependence between wildlife corridors and human 
activities. Indeed, the more important they are, the less 
wildlife is present in the corridor affected by these 
activities.  Both  variables  have  a  high correlation (R = - 
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0.89 to 0.05%). Other environmental factors must also 
act in this distribution, especially the presence of water 
points, the hunting activity, and the search for quality 
forage. When threats are low the number of animals 
observed is large in the corridor. This is the case of 
Buffalo corridors, Eland de Derby. With regard to the 
Forest Gallery and the Giraffe Corridor where threats are 
very high, the number of animals in these corridors is 
small compared to other corridors; this reflects the strong 
negative correlation between human activities and the 
presence of wildlife in the corridors. These activities have 
a negative impact on wildlife. Because the destruction of 
their habitat leads them to flee these environments. It 
appears that between 2010-2015, the decline in animal 
numbers is observed in all the corridors of the BNP. This  
drastic decrease is most noticeable in the corridors, 
Forest Gallery with a difference of 98.01%, Cobe Defassa 
(95.58%) and Hippotrague (93.31%). Other corridors 
such as Derby's Eland with 64.53% difference and 
Buffalo (70.73%) have experienced a decline in animals 
in five years but not accelerated as in other corridors. 

On the other hand, the numbers of Buffalo Crab, Red-
winged Dusky Beetle and Bubale increased respectively 
in the Derby Eland Corridor, from 27 individuals in 2010 
to 56 in 2015, an increase of 51.79% for Buffon's Cobe, 
from 5 individuals to 19 individuals, that is, 73.68% 
increase and 4 individuals to 14 individuals in 2015, an 
increase of 71.43%. This can be explained by their high 
reproduction and also at a season very conducive to their 
mating, their diet and their living environment. 

It should be noted that there is not only a decline in the 
number of animals in the corridors but also the rarity and 
even disappearance of some species in the corridors. 
The population explains this by the fact that human 
activities (poaching, planting of fields, breeding, 
uncontrolled cutting of wood and many other threats) 
have intensified over time, leading to the destruction of 
wildlife habitat. This drop in the number of animals in the 
corridors can be explained by the increase in population, 
due in part to the arrival of migrants from the Far North in 
search of fertile land. Another reason may be the 
inadequacy of personal surveillance, the means at their 
disposal and the lack of motivation of community guards 
who have become corrupted by poachers. 
 
 
DISCUSSION 
 

Analysis of the integrity of the wildlife passage corridors 
established in the BNP hunting areas to facilitate the 
mobility of wildlife leads us to question its effectiveness in 
the context of human pressure. The main threats are: 
agricultural activities, extensive livestock rearing, firewood 
cutting, coal production, and artisanal gold panning. This 
last activity is very recent. All other threats have been 
identified by Siroma (2007) and Vounserbo (2010). It 
should be noted, however, that these threats have 
intensified    to   the   extent   that   some    corridors   are  

 
 
 
 
completely transformed into growing areas and grazing 
areas. The occupancy map that we produced shows the 
extent of the degradation of these corridors. 

The presence of fields in the corridors limits their 
attendance; in fact, the WWF studies since 2002, by 
Vounserbo (2010) and our field observations enabled 
tracing the evolution of the number of wildlife in the 
corridors. The result is a decrease of wild animals in the 
corridors. The number of animals in the corridors 
increased from 1,735 individuals in April 2002 (WWF et 
al., 2002) to 1243 individuals in 2006 (WWF/PSSN, 
2010), a difference of 492 individuals in four years. 
Between 2010 and 2015, there was a decrease of 1024 
individuals, a decline rate of 83.38% in five years. 
Moreover, there is not only the quantitative but also 
qualitative decrease. Indeed, it has been noted that many 
species no longer frequent the corridors, for example the 
Orebi, the Buffalo and the Green Monkey. These species 
were observed in 2010 by Vounserbo. 

The review of our results has some limitations that 
merit further analysis to restore these corridors. This is 
for example, the tracking by night cameras of animals 
present in the corridors; systematic evaluation of the 
roles of conduits for the movements played by these 
corridors; but also the role of the habitat (source or sink), 
barrier or filter as well as the source of biotic and abiotic 
elements for the neighboring matrix (Forman and 
Godron, 1986; Santos et al., 2018). This in-depth 
reflection will also help to redefine the minimum size to 
maintain or restore so that these corridors can play their 
full role (West et al., 2016; FAO, 2006). These limits are 
similar to those highlighted by Berges [9] for whom the 
good functioning of an ecological corridor remains difficult 
to demonstrate because it is necessary to verify if the 
species is present in the corridor and to make sure that it 
moves from one end of the corridor to the other. A 
comparison of the respective frequency of passages 
through and outside the corridors prove that this 
displacement improves the survival of the population in 
the connected fragments and thus show a gene 
exchange between populations (Diren, 2008; Harris and 
Scheck, 1991). 
 
 

Conclusion 
 
This article aims to assess the viability of corridors for 
wildlife passage by identifying the main threats to their 
integrity, land use mapping (2016), characterization of 
their flora and wildlife inventory, and to frequent these 
corridors in order to propose measures for their 
sustainable management. The main threats are: 
agricultural activities, extensive livestock rearing, firewood 
cutting, coal production, gold washing, poaching and 
bushfire. The dominant plant formation is the wooded 
savannah; in total, 2869 woody individuals divided into 99 
species, while 70 genera and 36 families were 
inventoried.  The  corridors  are  very  diversified  and the 



 
 
 
 
corridors located in the north (Cob de Fassa, Eland de 
Derby, Hypotrague) are distinguished from those located 
in the south (Buffalo, Gallery forest and Giraffe). These 
corridors are also characterized by a strong regeneration 
of ligneous plants in the site. The horizontal structure of 
the vegetation is dominated by individuals with a 
diameter between 10 and 20 cm. The ecological 
monitoring of corridor use shows a worrying drop in the 
number of animals, if nothing is done to stop this 
decrease, there is a risk of a downgrading of the 
corridors. Faced with this difficulty of managing 
biodiversity, many measures in terms of management 
and conservation plans must be taken. In particular, 
rigorous monitoring of migration is required; it is also 
necessary to develop communication mechanisms 
between actors such as natural resource managers, 
migrants, pastoralists, indigenous peoples and NGOs. 
Lastly, it is important to encourage more and more the 
recruitment of community eco-guards made up of village 
natives and the reduction of livestock pressure on the 
fodder of the corridors (FAO, 2006). 
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This study examined the relationships between outdoor and indoor temperature characteristics in 
Yenagoa, Bayelsa State, Nigeria. It adopted the quasi experimental research design; as such data on 
meteorological parameters, such as, outdoor and indoor temperature were collected using thermometer 
and hygrometer, by the researcher in the study area and at designated locations in the metropolis, 
baring land-use in mind. The effective temperature equation was thereafter used to determine the 
effectiveness of the indoor temperatures, while the Pearson’s product moment correlation coefficient 
was used to determine the relationships between the outdoor and indoor temperature characteristics. 
Results indicate that the relationships between indoor and outdoor temperatures were not positive all 
year round. At the dry periods, outdoor temperatures showed strong correlation with that of indoor at 
p<0.05, but at rainy season temperatures outdoor showed weak association with indoor temperature at 
p>0.05. This implies that the relationships between indoor and outdoor temperatures are, to a good 
extent, dependent on seasons. There is, therefore, the need to design buildings based on climate. 
Yenagoa being a typical humid tropical area, more windows are recommended for buildings in it to help 
improve ventilation, and by extension, physiological comfort. 
 
Key words: Outdoor, indoor, effective-temperature, Yenagoa. 

 
 
INTRODUCTION 
 
Buildings are designed among other things to give 
shelter, comfort and security of life and properties to the 
occupants and or the owners of them (Cheng et al., 2012; 
Ojeh, 2011; Oluwafemi et al., 2010; Uzuegbunam et al., 
2012; Abotutu and Ojeh, 2013). Therefore, buildings are 
supposed to be designed in such a way that “comfort” of 
the   occupants   be   paramount,  while  not  undermining 

security of the properties and persons who occupy the 
buildings. This is because the comfort obtained by 
occupants of buildings, guarantee proper rest and 
maintenance of good health of such persons 
(Uzuegbunam et al., 2012). 

To realise comfort in buildings, indoor temperature is 
very  import.  This  is  because,   apart   from   generating
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comfort for the dwellers of such building, health benefits 
also arise from it (Barnett and Astrom, 2012; Mavrogianni 
et al., 2012; Nguyen et al., 2014; Ostro et al., 2010; 
Shaman et al., 2010; Shoji et al., 2011; Strand et al.,, 
2011; Tamerius et al., 2013; Turner et al., 2012; van 
Noort et al., 2011; Ye et al., 2012). More recent 
researches (Barnett and Astrom, 2012; Mavrogianni et 
al., 2012) have shown that temperature indoor 
determines to a great extent the liveability of buildings. 
Uzuegbunam et al. (2012) and Abotutu and Ojeh (2013) 
also showed in their study that there is a great degree of 
association between the indoor temperature and the 
health quality of occupants. Apart from design issues, the 
climatological positioning of buildings is also very 
important. Where the sun rises and sets, the direction of 
wind and the ventilation capacity of the building are 
equally all important. As a result of the dangers that could 
emanate from poorly planned building structure, 
architects and builders in the developed world give 
adequate attention to not only the aesthetics of a 
building, but also to the capacity of such building to give 
comfort through proper ventilation, positioning (that is 
paying attention to the windward direction and the sun 
ray direction) (Uzuegbunam et al., 2012). All these are 
done to guarantee optimal comfort for inhabitants of 
buildings (Abotutu and Ojeh, 2013). 

Nevertheless, we have a paradox of the above in the 
developing world in general and in Nigeria in particular 
(Abotutu and Ojeh, 2013), where development is never 
planned. Individuals build without consulting the town 
planning institutions. The architects are not in most cases 
consulted nor are the civil engineers. This is done by 
intending developers to evade the cost resulting from the 
services they render. Again, when the town planning 
officers discover buildings they never approved, it is 
marked for demolition, after payment of some bribes the 
ban is lifted and such buildings are yet constructed. 
Furthermore, the land rent issues and the quest of 
developers to maximise profit from housing rent, leads to 
the construction of substandard buildings. These 
buildings do not give any comfort to the occupants, which 
in turn, results in poor rest especially at nights (Barnett 
and Astrom 2012; Mavrogianni et al., 2012; Nguyen et 
al., 2014; Ostro et al., 2010), poor health (Shaman et al., 
2010; Shoji et al., 2011; Strand et al, 2011) and even 
death (Tamerius et al., 2013; Turner et al., 2012; van 
Noort et al., 2011; Ye et al., 2012). 

Previously, studies have looked at the interrelations, 
between indoor and outdoor temperature by looking at 
their relationships with humidity patterns (Barnett and 
Astrom 2012; Mavrogianni et al., 2012; Nguyen et al., 
2014; Ostro et al., 2010; Arena et al., 2010). Others have 
looked at relationships between outdoor and indoor 
temperature by looking at two building types (White-
Newsome et al., 2012; Arena et al., 2010). Abotutu and 
Ojeh (2013) attempted the characterisation of the 
physiologic     comfort    characteristics   of    buildings   in 
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Warri, Delta State; however the use of only the rainy 
periods undermines the intricate thermal comfort 
characteristics that may be inherent in the dry periods. 
More so, to the best of the researchers knowledge, there 
is no known work on thermal comfort in Yenagoa. This 
study is conducted to fill these gaps. 
 
 
MATERIALS AND METHODS 
 

The study was conducted in Yenagoa, the capital of Bayelsa State, 
Nigeria. It is located between latitudes 4°52’ and 4°58’ N and 
longitudes 6016’ and 6°20’ E (Figure 1). The size of the city is about 
21,110km2 (Google Earth, 2016). At the north, the area is bordered 
by Kolokuma/Opokuma Local Government Area (LGA), south by 
Southern-Ijaw LGA, at the west by Sagbama LGA and to the east 
by Ogbia LGA (Iyorakpo, 2015). 

The area falls within the tropical environment that enjoys the 
tropical rain forest climate of Koppen’s (1918) and the west 
equatorial climate of Strahler (1965). The climate of the state is 
influenced by two principal air masses, namely, Tropical Maritime 
Air-mass (mT) and Tropical Continental Air-mass (cT). These two 
air masses determine the seasons of the area, which are the wet 
and dry seasons respectively. Although in recent times research 
(Efe, 2010) has shown that climatologically speaking there is no 
clear cut dry season in the area as all months have an average rain 
fall amount of 0.25 mm. However, the anthropogenic activities in 
the area in recent decades which is an exodus from the discovery 
and mining of crude oil in the area has resulted in the emission of 
GHGs, deforestation, and the altering of the original climate of the 
study area (Efe, 2010). As a result, the building comfort 
characteristics in the area, is already greatly affected and if nothing 
is done to ameliorate the conditions, the already devastating 
building comfort stress will persist. 

The research design employed is the experimental design. The 
design has also been used by Ojeh (2011). Furthermore, the 
primary and secondary data were utilised for the research. However 
the primary data were sourced from the daily reading of the wet 
bulb and dry bulb thermometers, air temperature, doors as well as 
outdoor, and humidity levels of sampled points; the secondary data 
were temperature, solar radiation and relative humidity data for 
Yenagoa accessed from the archival information of the Nigerian 
Meteorological Agency (NIMET). The study used stratified sampling 
technique to delineate the study area into 5 zones using the land-
use as yardstick namely: 
 

(i) Residential areas 
(ii) Industrial areas. 
(iii) Commercial areas. 
(iv) Government Reserved Areas (GRA) 
(v) Mixed uses  
 

This method of calibration has been used by Efe and Aruegodore 
(2003), and Ojeh (2011). About 20 neighbourhoods exist in the 
whole of Yenagoa (Table 1). Within each neighbourhood, all 
existing streets (598 in number) which are registered with the urban 
development authority were given identification numbers. Using 
systematic sampling technique, every 3rd street was picked to 
influence detailed survey. 

The calibration in Table 1 implies that 33.33% of registered 
streets are sampled. After selecting the streets, 3 houses 
(Bungalows only) were selected based on predetermined 
classification of housing type (Table 2). Therefore a total of 597 
houses were selected for the study (3 in every street). For the daily 
reading of the wet and dry bulb thermometers, the living rooms 
were the  sample  points.  Digital  thermometers  were  mounted  at
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Figure 1. Yenagoa showing major communities. 

 
 
 
Table 1. Neighborhoods in the study area and the number of streets sampled. 
 

Zones Areas 
Number of 

streets 
Number of 

sampled streets 
Number of houses 

to be sampled 

A Agudama, Akenpai, Biogbolo, NIIT 246/3 82 246 

B Bayelsa-Palm, Gbarantoru, Imiringi 17/3 6 116 

C Tombia Round-about, Ede-Epe, Amarata, Swali, Imgbi, Ekeki 1 168/3 56 168 

D Commissioners Qurts, Opolo, G.R.A 54/3 18 54 

E Arieta-line, Kpansia, Okaka, Igbogene 113/3 37 113 

Total  598 199 597 

 
 
 

Table 2. Building types in Yenagoa. 
 

Building type Characteristic  

1 
Stone coated roof, parapet, Pop ceiling, window (casement, Single Hung, Bay, Awning, Arched), 
ceramic floor tiles 

2 Long spam roofing sheets, PVC ceilings, sliding windows, ceramic/cement/rug/plastic carpet floors. 

3 Metal zinc/Asbestos roof, louvers/wooden windows, cement/terrazzo floor, asbestos ceilings  

 
 
 
1.5 m (5 ft) above the floor for the purpose of uniformity and a 
scientific approach to data acquisition. Again the standard has been 
suggested by World Meteorological Organization (WMO). This 
method has been used by Ojeh (2011) and reasonable success 
was realised. The dwelling units were divided into those that have 
air conditioning systems (AC) and naturally ventilated buildings 
(without fans or air conditions). The primary distinction between the 
building   types   was   that   the   non-ventilated  buildings  have  no 

mechanical air-conditioning. Thus, natural ventilation occurs 
through detachable windows and doors that are directly controlled 
by dwellers. Three types of housing units as described in Table 2, 
were picked from every zone (A-E) based on availability and 
population of households. 

Hygrometer (dry bulb and wet bulb thermometer), maximum and 
minimum thermometer, digital anemometer (Figure 2), and wind 
vane (Figure 3) were used to collect primary  data  on  climate.  The
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Figure 2. Digital anemometer.  

 
 
 

 
 
Figure 3. Digital wind vane. 

 
 
 
traditional way to measure humidity is a two-step process: both wet 
bulb and dry bulb temperatures are obtained, and then converted to 
relative humidity using a psychometric chart. The maximum and 
minimum thermometers measure the air temperature. The 
measurement techniques involved mounting the thermometers at 5 
feet (1.5 m) above the floor level on the north facing wall of living 
rooms in all the sampling areas. Before the readings of the 
hygrometer and the maximum and minimum thermometer were 
done in all sample points, the instruments were made to stay for 5 
min, a time-frame within which the instruments adapts to the 
climatic condition (s) of the particular sample point. This condition is 
known as the process of standardization of the instrument. This 
process has been applied by Efe (2006) and was effective. The 
outdoor temperature reading were taken outside the dwelling 
premises with the same instrument used for taking the indoor 
readings also observing the standardization process to get accurate 
records without any direct contact with the radiation of the sun (by 
constructing a lookalike of Stevenson screen). The measurement of 
weather parameters for both indoor and outdoor records was 
carried out at climatological hours (00:00 h, 6:00 h, 12:00 h, and 
18:00 h) as also specified below and for a period of one year.  The 
effective temperature  index  (ET)  (see  equation  1)  was  used  to 

determine the comfort level of the dwelling units as suggested by 
Ayoade (2004). 

 
ET=0.4 (Td + Tw) + 4.8                                                                  (1) 

 
Hence, an ET value of 18.9°C or below indicates cold stress, while 
an ET value of above 25.6°C indicate heat stress (Ayoade, 2004; 
Ojeh, 2011). The temperature data were analysed using Pearson’s 
product moment correlation coefficient (PPMC). The PPMC is given 
by the following formula (Ware et al., 2013): 

 

                               (2) 

 
Where n is number of observation, 
∑ is summation, 
X is independent variable 1 (indoor temperature) 
Y is dependent variable 2 (outdoor temperature) 
The PPMC analysis was carried out in the IBM/SPSS v 22 
environment. 
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Table 3. Average annual weather characteristics in Yenagoa. 
 

DB WB RH WD WSP Temp Rainfall 

32.2 23.8 83.3 195 3.5 27.9 208.25 
 

DB: Dry bulb temperature; WB, Wet bulb temperature; RH, Relative humidity; WD, Wind direction; WSP, 
Wind speed; temp, Mean temperature. 

 
 
 

Table 4. Relationships between indoor and outdoor temperatures. 
 

Land-use types 
Indoor/outdoor temperature  correlations 

Annual Dry period Wet period With Air cooling units Without Air cooling units 

Residential (r)  0.60 0.81 0.32 0.26 0.75 

Sig 0.00 0.00 0.18 0.32 0.00 

Industrial (r) 0.56 0.76 0.39 0.17 0.91 

Sig 0.00 0.00 0.14 0.10 0.00 

Commercial (r)  0.78 0.79 0.25 0.41 0.82 

Sig 0.00 0.00 0.11 0.03 0.00 

GRA (r) 0.59 0.76 0.34 0.23 0.68 

Sig 0.00 0.00 0.06 0.08 0.00 

Mixed (r) 0.64 0.81 0.44 0.18 0.83 

Sig 0.00 0.00 0.05 0.17 0.00 

 
 
 
RESULTS 
 
Table 3 presents the average annual weather 
characteristics in the study area. The average dry bulb 
temperature in the table is 32.2°C, while the wet bulb 
temperature is 23.8°C. The relative humidity is seen to be 
83.3% while the wind direction is 195° (South west in 
orientation). Mean temperature is 27.9°C and rainfall is 
208.25 mm. The reflection of the data is that the 
environment is a tropical type. 

In Table 4, the relationships between the indoor and 
outdoor temperature is displayed. In the table, the 
relationship between the indoor and outdoor temperature 
for the whole period of investigation shows that there is 
generally significant relationships between the indoor and 
outdoor temperature characteristics in the area at p<0.05, 
although the commercial environment showed a higher 
relationship with an r value of 0.78. This is misleading, 
considering what happened in the wet period where all 
the correlation values for the indoor and outdoor 
temperatures in the land-uses were generally low and did 
not reach significance at p<0.05 except that of the mixed 
land use that was r - 0.44 at p ≤ 0.05. 

However, in the dry period the relationships between 
the outdoor and indoor temperature were significant at 
p<0.05 for all land uses. Nevertheless, the mixed land-
use and the residential land use posted higher r values of 
0.81 respectively. Conversely, indoor and outdoor 
temperature in the dwelling units with air conditioner did 
not have significant relationships at p<0.05 in all the land 
uses, except for the commercial land use which had  an  r 

value of 0.41 at p<0.05. Furthermore, the dwelling units 
without air conditioner, all showed significant correlation 
between the indoor and outdoor temperatures for all land 
uses, although at varying magnitudes. Characteristically, 
the industrial area posted higher correlation value of r, 
0.91 at p<0.05; which is followed by the commercial and 
mixed land uses with r values of 0.82 and 0.83 
respectively. 

In Table 5, the thermal comfort characteristics of the 
dwelling units were computed using the effective 
temperature equation. In the table for the residential land 
use, the annual value showed that the effective 
temperature was normal for the residential area with ET 
value of 24.5°C, the dry period posted ET value of 
26.01°C which signifies heat stress. The wet period was 
normal for the residential area with ET value of 18.9°C 
and the dwelling units with AC posted ET value of 19.2°C 
which is normal effective temperature. The same cannot 
be said for the dwelling units without AC in the area 
which had an effective temperature value of 26.1°C 
implying that there is heat stress in the residential area. 

In the industrial land use, the annual value showed that 
the effective temperature was not normal for the industrial 
area with ET value of 26.2°C, the dry period posted ET 
value of 27.9°C which signifies heat stress. The wet 
period was normal for the industrial area with ET value of 
20.1°C and the dwelling units with AC posted ET value of 
19.3°C which is normal effective temperature. The same 
cannot be said for the dwelling units without AC in the 
industrial land use which had an effective temperature 
value of 28.1°C, implying that there is heat  stress  in  the
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Table 5. The effective temperature characteristics in the different land-uses of the study area.  
 

Land-use 

types 

Indoor effective temperatures (°C) 

Annual Dry period Wet period With Air cooling units Without air cooling units 

Residential (ET)  24.51 26.01 18.92 19.26 26.12 

Industrial (ET) 26.26 27.90 20.15 19.39 28.1 

Commercial (ET)  27.02 27.31 19.50 20.01 27.52 

GRA (ET) 25.68 25.78 18.73 19.75 25.83 

Mixed (ET) 26.05 26.91 20.64 20.64 26.64 
 

ET signifies effective temperature. 

 
 
 

Table 6. Relationships between indoor and outdoor temperatures and the effect temperature 
characteristic based on building types. 
 

Periods in the 
year 

Building types 

 1 2 3 

Annual  
RI&O 0.89 0.84 0.91 

ET 28.91 27.34 26.01 

     

Dry period 
RI&O 0.71 0.83 0.87 

ET 29.04 27.08 26.95 

     

Wet period 
RI&O 0.54 0.49 0.63 

ET 27.08 26.2 25.34 
 

Type 1: Stone coated roof, parapet, Pop ceiling, window (casement, Single Hung, Bay, Awning, Arched), 
ceramic floor tiles; Type 2: Long spam roofing sheets, Polyvivyl chloride (PVC) ceilings, sliding windows, 
ceramic/cement/rug/plastic carpet floors. Type 3: Metal zinc/Asbestos roof, louvers/wooden windows, 
cement/terrazzo floor, asbestos ceilings; ET signifies Effective temperature; RI&O implies relationship 
between indoor and outdoor temperature.  

 
 
 
industrial area. As for the commercial land use, the 
annual value showed that the effective temperature was 
not normal for the with ET value of 27.0°C, the dry period 
posted ET value of 27.3°C which signifies heat stress. 
The wet period was normal for the industrial area with ET 
value of 19.5°C and the dwelling units with AC posted ET 
value of 20.0°C which is normal effective temperature. 
The same cannot be said for the dwelling units without 
AC in the commercial land use which had an effective 
temperature value of 27.5°C implying that there is heat 
stress in the commercial area. 

In the government reservation area, the annual value 
showed that the effective temperature was not normal for 
the with ET value of 25.68°C, the dry period posted ET 
value of 25.78°C which signifies heat stress. The wet 
period was normal for the area with ET value of 18.7°C 
and the dwelling units with AC posted ET value of 
19.75°C which is normal effective temperature. The same 
cannot be said for the dwelling units without AC in the 
GRA land use which had an effective temperature value 
of 25.8°C, implying that there is heat stress in the GRA. 

Furthermore, in the mixed land uses, the annual value 
showed that  the  effective  temperature  was  not  normal 

with ET value of 26.05°C, the dry period posted ET value 
of 26.91°C which signifies heat stress. The wet period 
was normal for the area with ET value of 20.64°C and the 
dwelling units with AC posted ET value of 20.64°C which 
is normal effective temperature. The same cannot be said 
for the dwelling units without AC in the mixed land use 
which had an effective temperature value of 26.64°C 
implying that there is heat stress in the mixed land use. 

Table 6 reveals the relationships between the outdoor 
and indoor temperature and the effective temperatures 
reached in relation to the calibrated building types. For 
the annual epoch, the r value between the indoor outdoor 
temperatures for the building type 1 is 0.89 and an 
effective temperature for the building type is 28.9°C 
which is higher than that of building type 2, with r value of 
0.84 and an ET value 27.34°C. In the building type 3, r 
value is 0.91 and the ET value of 26.1°C was realised. 

In the dry period, the r value between the indoor 
outdoor temperatures for the building type 1 is 0.71 and 
an effective temperature for the building type is 29.04°C 
which is higher than that of building type 2, with r value of 
0.83 and an ET value 27.08°C. In building type 3, r value 
is 0.87 and the ET value of 26.95°C was realised. 
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However, wet epoch, the r value between the indoor 
outdoor temperatures for building type 1 is 0.54 and an 
effective temperature for the building type is 27.08°C 
which is higher than that of building type 2, with r value of 
0.49 and an ET value 27.08°C. In the building type 3, r 
value is 0.63 and the ET value of 25.34°C was realised. 
 
 
DISCUSSION 
 
The relationships between the indoor and outdoor 
temperature characteristics for the whole period 
investigated revealed that there is generally significant 
relationship at p<0.05, although the commercial 
environment showed a higher relationship with an r value 
of 0.78. The reason for this is not farfetched, as the 
commercial environment is expected to be hotter as a 
result of the anthropogenic activities which are constantly 
carried out in the area. Therefore, outdoor temperatures 
are expected to affect the indoor temperature in such 
environment. However, in the wet period the rains 
encourage the locking of windows and the use of indoor 
gadgets that could increase the indoor temperature and 
alter relationships between the outdoor and indoor 
temperatures. This finding corresponds with that of 
Uzuegbunam et al. (2012) and Abotutu and Ojeh (2013); 
that also observed that the relationships between outdoor 
and indoor temperature were poorly relates in the rainy 
periods and highly related at the dry periods of the year. 
However, the study finding varies with that of Arena et al. 
(2010), who observed a high and significant relationship 
between indoor and outdoor temperatures even in the 
rainy period. 

However, in the dry period the relationships between 
the outdoor and indoor temperature were significant at 
p<0.05 for all land uses. Nevertheless, the mixed land-
use and the residential land use posted higher r values of 
0.81 respectively. This may be as a result of altered 
temperature due to anthropogenic activities there and the 
presence of few vegetal covers. Not only that, the 
openings (windows, doors) in the dwelling units are so 
small due to space constrain and the quest to make more 
money from land rent. Conversely, indoor and outdoor 
temperature in the dwelling units with air conditioner did 
not have significant relationships at p<0.05 in all the land 
uses, except for the commercial land use which had an r 
value of 0.41 at p<0.05. It is a known fact that, the air 
conditioning units actually ameliorate hot conditions. 
However, whether that influences the outdoor 
temperature of the houses without AC is a phenomenon 
this current study has not ascertained. Nevertheless, 
Ojeh (2011) identified in his study that, the use of AC, as 
coolant in indoor environments does not only consume 
energy but also releases GHGs into the environment, 
thereby raising temperatures. He further emphasized 
that, in the developing environments, there is no power, 
and dwellers are therefore forced to use  generating  sets 

 
 
 
 
which releases GHGs into the environment, while making 
outdoor temperatures hotter. This partly explains the 
case in the study area. 

Again the thermal comfort characteristics of the 
dwelling units were computed using the effective 
temperature equation revealed that the residential land 
use, effective temperature was normal for the residential 
area with ET value of 24.5°C, the dry period posted ET 
value of 26.01°C which signifies heat stress. The wet 
period was normal for the residential area with ET value 
of 18.9°C and the dwelling units with AC posted ET value 
of 19.2°C which is normal effective temperature. The 
same cannot be said for the dwelling units without AC in 
the area which had an effective temperature value of 
26.1°C implying that there is heat stress in the residential 
area. This is particularly, not so good for the residents. 
This is because the mere fact that the indoor thermal 
comfort characteristics is higher than normal, signifies 
that the residents would have stressful rest time, leading 
to shortened sleep, and heat related diseases. This has 
been corroborated by Cheng et al. (2012). Nevertheless, 
there is need to look into the actual effect of these high 
thermal comfort characteristics on the residents. This is 
an area this current study has not examined, but Ostro et 
al. (2010) and Shaman et al. (2010) ascertained in their 
studies that, high indoor thermal comfort characteristics, 
causes heat stress, leads to skin rashes, blood pressure 
imbalance, or even deaths.  

The Industrial land use, annual value effective 
temperature was not normal with ET value of 26.2°C, the 
dry period posted ET value of 27.9

0
C which signifies heat 

stress. The wet period was normal for the industrial area 
with ET value of 20.1

0
C and the dwelling units with AC 

posted ET value of 19.3°C which is normal effective 
temperature. The same cannot be said for the dwelling 
units without AC in the industrial land use which had an 
effective temperature value of 28.1°C, implying that there 
is heat stress in the industrial area. As for the commercial 
land use, the annual value showed that the effective 
temperature was not normal for the with ET value of 
27.0°C, the dry period posted ET value of 27.3°C which 
signifies heat stress. The wet period was normal for the 
industrial area with ET value of 19.5°C and the dwelling 
units with AC posted ET value of 20.0°C which is normal 
effective temperature. The same cannot be said for the 
dwelling units without AC in the commercial land use 
which had an effective temperature value of 27.5°C, 
implying that there is heat stress in the commercial area. 
In the government reservation area, the annual value 
showed that the effective temperature was not normal for 
the with ET value of 25.68°C, the dry period posted ET 
value of 25.78°C which signifies heat stress. The wet 
period was normal for the area with ET value of 18.7°C 
and the dwelling units with AC posted ET value of 
19.75°C which is normal effective temperature. The same 
cannot be said for the dwelling units without AC in the 
GRA land use which had an effective  temperature  value 



 
 
 
 
of 25.8°C implying that there is heat stress in the GRA 
area. Furthermore, in the mixed land uses, the annual 
value showed that the effective temperature was not 
normal with ET value of 26.05°C, the dry period posted 
ET value of 26.91°C which signifies heat stress. 

The wet period was normal for the area with ET value 
of 20.64°C and the dwelling units with AC posted ET 
value of 20.64°C which is normal effective temperature. 
The same cannot be said for the dwelling units without 
AC in the mixed land use which had an effective 
temperature value of 26.64°C, implying that there is heat 
stress in the mixed land use. Looking at the findings 
shows that, the rainy periods have considerable influence 
on effective temperature characteristics in the study area, 
because the rains carry along with it cool and moist air 
that have considerable cooling effects on not only the 
indoor temperature but also on humans (Barnett and 
Astrom 2012; Mavrogianni et al., 2012; Nguyen et al., 
2014; Ostro et al., 2010; Shaman et al., 2010; Shoji et al., 
2011; Strand et al, 2011). 

Nevertheless, the relationships between the outdoor 
and indoor temperature characteristics and the effective 
temperatures reached in relation to the calibrated building 
types showed that building type one (Stone coated roof, 
parapet, Pop ceiling, window (casement, Single Hung, 
Bay, Awning, Arched), ceramic floor tiles) was generally 
higher in the study area. This is followed by type two 
(Long spam roofing sheets, PVC ceilings, sliding 
windows, ceramic/cement/rug/plastic carpet floors) and 
the next is the type 3 (Metal zinc/Asbestos roof, 
louvers/wooden windows, cement/terrazzo floor, 
asbestos ceilings). This indicates that the materials used 
for building the dwelling units have some role to play in 
the effective temperature reached. Of course, the 
wooden windows and louvers are designed in such a way 
that there are openings even when they are locked. This 
causes wind exchange when air blows into the building 
and also allows the evacuation of hot indoor air. The 
same cannot be said of the other building types. Some of 
the paraphernalia used in those types of buildings, such 
as the windows and the roof types (parapets, PVC 
ceiling, etc.) do not allow exchange of indoor winds. This 
affects the thermal comfort characteristics in such 
building in the study area. This idea has also been 
established by Ojeh (2011) and Abotutu and Ojeh (2013). 
 
 
CONCLUSION AND RECOMMENDATIONS 
 

From the study it can be concluded that, the indoor 
thermal comfort characteristics in the study area were 
affected not only by land use but also by outdoor 
temperature and building characteristics. This therefore 
means that, there is need to apply some adaptive and 
palliative measures as suggested below: 
 
(i) There is need to create more windows and doors in 
buildings to improve ventilation  in  already  built  houses. 
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Also, in buildings that such adjustments are not possible, 
windows and doors should be opened often to improve 
ventilation, especially in the dry periods. 
(ii) Buildings should be constructed baring the 
meteorological controls of the area in mind. That is, there 
is need to put in mind the windward direction so that the 
windows be placed towards it to facilitate ventilation in 
the buildings. 
(iii) The standards for building constructions, which 
entails, the sizes of windows, doors, number of windows, 
fence size and building material types, should be followed 
in the area. 
(iv) There is need to model out building designs that suits 
the type of climate characteristics prevalent in the study 
area, as against the current borrowed building designs in 
the area. This will allow the creation of building designs 
with better ventilation. 
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