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Abstract 
The study was carried out in Akoko South West Local Government (LGA) Area, Ondo State. All eight 
villages in the LGA were surveyed including Akungba, Ikun, Oke-Oka, Eti-Oro, Iwaro, Ayegunle, Oba 
Akoko and Supare. Mosquito larvae were collected from different breeding sites in the surveyed areas 
and reared to adulthood in the laboratory. 1149 (one thousand one hundred and forty-nine) emerged 
Imagoes were identified using standard keys and these include Culex (537; 46.73%), Aedes (443; 
38.55%), Anopheles (115; 10.01%), Coquillettidia (43; 3.74%), Toxorhynchite (5; 0.44%) and Mansonia 
(6; 0.52%).  Remote sensed image and environmental data, land surface temperature (LST), normalized 
different vegetation index (NDVI) and altitude information were also derived. A malaria risk map was 
developed for the LGA using fuzzy membership (Logic). Results showed that mosquitoes bred in 
relation to altitude and topography with Anopheles species at the highest altitude of about 3882ft to 
5833ft in Supare and Culex species at the lowest altitude of about 1874ft to 2638ft. Akungba, Araromi, 
and Eti-Oro were mapped as low risk areas, while Supare, Oke-Oka and Oba were mapped as areas of 
highest risk. The result also revealed Ikun as the area with the highest number of mosquitoes and Iwaro 
with the lowest. These developed maps can be used in vector control strategies. 
Keywords: Malaria Vectors, Risk Areas, GIS Maps, Akoko South West LGA, Ondo state.  
 
 
Introduction 
Malaria is one of the most severe global public 
health problems worldwide, particularly in 
Africa, where Nigeria has one of the highest 
numbers of cases (WHO, 2014). Malaria is a 
significant public health problem in more than 
100 countries and causes an estimated 200 
million infections each year, with more than 
500,000 deaths annually (Sandro et al., 2012).  
Nigeria suffers one of the world’s greatest 
malaria burden, with approximately 51 million 
cases and 207,000 deaths reported annually 

while 97% of the total population is at risk of 
infection (WHO, 2018). The diversity of 
breeding sites frequently presents the dipterans 
in adequate population to constitute a biting 
nuisance and/or vectors of disease-causing 
organisms. They constitute a very important 
component in determining diseases of public 
health importance (McCrae, 1984; Afolabi et 
al.,2019; Oniya et al., 2019). Mosquitoes are 
known to show preference to water with 
suitable pH, optimum temperature, dissolved 
oxygen, total dissolve solids, electrical 
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conductivity and elevations (Afolabi et al., 
2013; Oniya et al., 2019). It has been suggested 
that the strong correlations found between 
certain physico-chemical parameters and larval 
abundance confirm the influence of these 
parameters on the distribution and abundance of 
mosquito larvae in their breeding habitats and 
also indicate the possibility of mosquito larval 
control through the manipulations of such 
parameters (Olayemi et al., 2010). Altitude can 
indirectly influence the distribution and spread 
of malaria via its effect on temperature. For 
every 200m increase in altitude, the temperature 
decreases by a degree (Pagot, 1992; Labspace, 
2017). For smaller regions, topography remains 
the single most important aspect that defines 
large scale differences in malaria risk because 
climate variables change little over the limited 
range of latitude (Chikodzi, 2013). 
Vulnerability assessments focus on identifying 
and analysing a wide range of socioeconomic, 
demographic, biological, cultural, and 
governance-related factors that can potentially 
impact human susceptibility and lack of 
resilience to the disease. Therefore, mapping 
vulnerability and integrating the results in a 
spatial explicit risk assessment can provide 
evidence for planning preventive interventions, 
by targeting factors that can reduce 
susceptibility and increase resilience (Ribera 
and Hausmann-Muela 2011; Hagenlocher and 
Castro 2015). Ondo State is undergoing rapid 
urbanization of settlements in areas where only 
a scattered rural population existed formerly. 
This has actually resulted in some areas being 
densely populated. In such settings, organized 
sanitary facilities are usually poor; also, sewage 
disposal depends largely upon the initiative of 
the individual resident (Afolabi et al., 2019; 
Adeyekun et al., 2021). Factors from the 
foregoing will influence the spread of malaria 
provided adequate breeding conditions exist for 
the vectors. This research investigated malaria 
vectors, and development of a risk map, in 
Akoko South West Local Government Area, 
Ondo State, Nigeria.  
 
Materials and Methods 
Study Area: Akoko South-West Local 
Government Area, Ondo State (7.3977°N; 
5.6946° E) (Fig. 1) comprised of 8 villages and 
is surrounded by hills with a lot of streams and 
rocks. This streams as well as the vegetation in 
the environment created favourable breeding 
sites for mosquitoes. The major occupations of 
the people were farming, hunting and trading. 

The Local Government Area is a major national 
transit route in the South West region of Nigeria 
with rich cross-cultural presence.  
Sample Collection: Mosquitoes larvae were 
collected from 20 different breeding sites in the 
villages. Samples were taken from ditches, car 
tires, littered water containers, and buckets 
using standard dipping techniques with a plastic 
dipper from each habitat type. The geographical 
coordinates and altitudes of each site were 
measured using GPS (eTrex©, Garmin 
International Inc., Olathe, USA) and the 
physico-chemical parameters were measured 
using H19813-6 multi-meter (Hanna, USA) for 
pH, total dissolved solids, electrical 
conductivity and temperature. Larvae collected 
were taken to the laboratory for rearing. 
Morphological Identification of Mosquitoes: 
After rearing and harvesting, all specimens 
were identified using standard morphological 
keys (Gillett,1972; Gilies and Coetzee, 1987; 
Darsie and Samanidou-Voyadjoglou, 1997; 
WHO, 2013).  
Mapping: Remote sensed image and 
environmental data land surface temperature 
(LST) and topography information were 
derived from satellite images from the Nigeria 
Metrological Agency and some obtained from 
Google earth. The altitude of each site was 
measured using hand held Global Positioning 
System (GPS) and prepared on a scale of 1: 
25,000 using Arc View 10.3 GIS software and 
the site number indexed. Obtained geographical 
coordinates from the field study were converted 
into the Cartesian XY Plane and the point 
plotted on components of the GIS desktop 
ArcView 10.3 software to get the Digital 
Elevation Model (DEM). All physico-chemical 
parameters, Normalized Different Vegetation 
Index (NDVI), Digital Elevation Model (DEM), 
Remote sensing predictions were brought 
together using fuzzy membership (Logic) 
ranking on arc view 10.3 software to develop 
risk maps for the Local Government Area.  
Data Analysis: Larvae density and abundance 
were calculated in accordance to standard 
procedures (Oniya et al., 2019). Means of types 
of mosquito species among different breeding 
sites were determined using one-way analysis of 
variance (ANOVA), and where there were 
significant differences, Tukey test at p<0.05 
was used to separate the means using statistical 
Package for the Social Sciences (SPSS version 
21.0)  
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Result 
 A total of 20 breeding sites were sampled 
including swamps, old tyres, streams and wells, 
dug pits, building sites, ponds and rock pools, 
and tree trunks. The highest number of larvae 
were collected in Ikun, Akungba and Oba. The 
larvae had preference for habitats with wide 
range of physico-chemical parameters and 
thrived in habitats with, pH 6.3–7.5, Electrical 
conductivity (EC) 108-577, Total Dissolved 
Solid (TDS) 48-1000 and Dissolved Oxygen 
(DO) 2.5-6 (Table 1).  The larvae density varied 
(0.011-0.986) so also larvae abundance (3-695) 
(Table 2). A total number of 1,149 Imagos were 
identified morphologically, the various genera 
identified included Aedes, Culex, Anopheles, 
Mansonia, Coquillettidia and Toxorhynchites 
(Fig 2). The Digital Elevation Model (Altitude) 
of the Local Government Area in relation to the 

various species revealed some areas had low 
elevation 290 m (957 ft) while some were as 
high as 1828.8 m (6000 ft) above sea level, 
Anopheles mosquitoes bred at the highest 
altitude of 3882-5833 m and were found in 
almost all the study sites but were more in Oba. 
Culex species also bred at altitudes between 
1874 -2638 m, Culex species were also found in 
most of the study sites, Aedes larvae were only 
found at Ikun. Mansonia were found in Eti-Oro, 
Supare and Ayegunle, Coquillettidia were 
found in Supare, Oke-Oka and Oba-Akoko and 
Toxorhynchites were also found in Supare and 
Eti-oro (Fig.3). 
The maps of the various physico-chemical 
parameters are presented in Figs 4 to 8. The 
malaria risk map is presented in Fig. 9 and 
revealed that Supare, Oke-Oka and Oba were 
areas of high risk for malaria transmission.  

 

 
Figure 1: GIS Map of the Local Government Area
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Table 1: Site Coordinates, Altitude and Physico-Chemical Parameters of Mosquito Breeding Sites.          
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Table: 2 Mean Larvae Density and Abundance in Akoko South West Local Government Area, Ondo 
State. 
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Figure 2: Map of Akoko South West Local Government Area Showing Distribution of Mosquito Species. 
 

  
Figure 3: Digital Elevation Model (DEM) of the terrain Surface.  
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Figure 4: Dissolved Oxygen (mg/L) Range in the Breeding Sites 

   
Figure 5: Electrical Conductivity Range in the Breeding Sites  
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Figure 6: pH Range in Breeding Sites 

   
   Figure 7: Total Dissolved Solid (ppm) Range in the Breeding Sites  
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          Figure 8:  Temperature (°C) Range in the Breeding Sites

  
          Figure 9: Malaria Risk Map of the Local Government
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Discussion 
The study area had a good diversity of mosquito 
species, which bred virtually in all habitats 
sampled. These breeding sites were common in 
the study area as a result of human activities, 
socio-economic conditions, low literacy levels, 
poor sanitation and indiscriminate disposal of 
discarded household materials. These result in 
luxuriant abundance of breeding sites including 
pools, ponds, puddles, discarded home 
appliances and containers and tree trunks 
(Oniya et al., 2019).  Availability of such 
resources aid mosquitoes to develop and 
increase malaria prevalence, leading to high risk 
of infection (Bautista et al., 2006).     
The various physico-chemical parameters 
measured had effects on the mosquito species. 
Anopheles species were generally found in 
varying range of dissolved oxygen, acidic to 
slightly basic pH, they were found generally in 
areas of low Electrical Conductivity and Total 
Dissolved Oxygen, the temperature in all 
breeding sites ranged from 26.00 and 49.3 °C, 
mosquito larvae were seen in breeding sites 
with temperature as low 26.00 °C at Supare, this 
was equally observed by Oniya et al. (2019). 
The result also showed that there was variation 
in the altitude at which mosquitoes bred (Oniya 
et al., 2019). The highest altitude was recorded 
at Oba (5857 ft) and the lowest altitude was 
recorded at Ayegunle (953 ft).  
The malaria-risk map of the study area showed 
that the entire study area was at risk of the 
disease.  The study area fell under very high, 
high, moderate and low risk areas. In areas with 
low slopes, water tends to be logged, and such 
conditions accelerated chances for water 
stagnation and perfect breeding sites.  Absence 
of proper water drainage may lead to the 
creation of stagnant water pools, which in turn, 
encouraged breeding and survival of 
mosquitoes as also reported by Thomson et al. 
(1997). Largely, the cumulative effect of the 
observed risks in the Local Government Area 
stem from human behavioural attitude. Though 
the biome viz its luxuriant vegetation and hills 
aided by its position in the tropical rainforest 
belt may also provide an all-year round 
precipitation, the human attitude factor also 
played a prominent role as a good number of 
breeding sites where the larvae were collected 
were man-made.  
 
 
 

Conclusion 
A model-based malaria-risk map was developed 
by establishing the relationship of various 
parameters using remote sensing and 
geographic information system. Remote 
sensing and GIS techniques can be effectively 
used in mosquito larval habitat identification 
and risk area mapping. The local government 
area favoured the breeding of Anopheles 
species. The various physico-chemical 
parameters with other factors such as human 
activities and continuous urbanization 
contributed to the increasing abundance of 
mosquitoes and breeding sites. The relevant 
authority should ensure adequate control of 
these activities in other to arrest the breeding of 
these mosquitoes. Usage of the maps from this 
research will help to plan and execute control 
measures for the Local Government Area. 
 
Acknowledgements 
All technical staffs of the Department of Animal 
and Environmental Biology, AAUA and 
Biology Department, FUTA. 
 
References  
Adeyekun AL, Oniya MO, Olusi TA, Adeogun 

AO (2021) Molecular Identification of the 
Members of Anopheles gambiae S.L. and 
Culex Species in Ifedore Local Government 
Area of Ondo State. BioMed Research 
Journal 5(1), 354-359. 

Afolabi OJ, Akinneye JO, Igiekhume AMA 
(2019) Identification, Abundance, and 
Diversity of Mosquitoes in Akure South 
Local Government Area, Ondo State, 
Nigeria. The Journal of Basic and Applied 
Zoology 80(1), 37-43 

 Afolabi OJ, Simon-Oke IA, Osomo BO (2013). 
Distribution, abundance and diversity of 
mosquitoes in Akure, Ondo State, Nigeria. 
Journal of Parasitology & Vector Biology. 
5(10): 132–136. 

Bautista DM, Jordts E, Nikai T, Tsuruda PR, 
Read AJ, Poblete J, Yamoah EN, Basbaum 
AI, Julius D (2006) TRPA1 Mediates the 
Inflammatory Actions of Environmental 
Irritants and Proalgesic Agents. Cell 124 
(6), 1269-1282 

Chikodzi D (2013) Spatial Modelling of 
Malaria Risk Using Environmental, 
Antropogenic and Geographhycal 
Information Systems Technique. 
International Journal Geomatics and 
Geosciences 1, 8–14. 



 

11 
 

Darsie REJ, Samanidou-Voyadjoglou A (1997) 
Keys of the identification of the mosquitoes 
of Greece. Journal of the American 
Mosquito Control Association,13(3):247-
254. 

Gillet JD (1972) Common African Mosquitoes 
and their Medical Importance with 48 
Colour Illustration by Judith G Smith, John 
Swain Publishers and Co. Ltd., London, 
U.K. pp.112. 

Gillies MT, Coetzee M (1987) A Supplement to 
the Anophelinea of Africa South of the 
Sahara (Afrotropical Region), Publication 
of South African Institute for Medical 
Research, Johnnesburg 55,1-143. 

Hagenlocher M, Castro MC (2015) Mapping 
Malaria Risk and Vulnerability in the 
United Republic Tanzania: Spatial Explicit 
Model. Population Health Metrics 13(1), 2. 

Labspace (2017) Labspace. Communicable 
Diseases Module: 6. Factors that Affect 
Malaria Transmission. 
http://www.open.edu/openlearncreate/mod/
oucontent/view.php?id=89&pri ntable=1 
Retrieved 2021-08-20 

McCrae AW (1984) Oviposition by Africa 
malaria vector mosquitoes. ll. Effect of 
sitetone, water type and conspecific 
immature on target selection by freshwater. 
Analysis of Tropical Medicine and 
Parasitology 78(3), 307-318. 

Olayemi IK, Omalu ICJ, Famotele, OI, Shegna 
SP and Idris B (2010) Distribution of 
Mosquito Larvae in Relation to Physico-
Chemical Characteristics of Breeding 

Habitats in Minna, North Central 
Nigeria. Reviews in Infection 1(1), 49-53. 

Oniya MO, Adeyekun AL, Olusi TA (2019) 
Ecological Factors Favouring Mosquito 
Breeding in Ifedore Local Government, 
Nigeria. Journal of Ecology and The 
Natural Environment 11(6), 68-74. 

Pagot J (1992) Animal Production in the 
Tropics; MacMillan Ltd, London and 
Basingstoke, U.K. 517pp. 

Ribera JM, Hausmann-Muela S. (2011). The 
Straw that Breaks the Camel’s Back. 
Redirecting Health Seeking Behavior 
Studies on Malaria and Vulnerability. 
Medical Anthropology 25(1), 103–21. 

Sandro P, Danilo RM, Bruno AQG, Michelli 
ESF, Ana CMG, Paula SOC, Thyago CV, 
Maria FD, Michael DG (2012). Oxidative 
Stress in Malaria.  International Journal of 
Molecular Science 13, 16346-16372. 

Thomson MC, Connor SJ, Milligan P, Flasse SP 
(1997) Mapping Malaria Risk in Africa: 
What Can Satellite Data Contribute. 
Parasitology Today 13(8), 313-318. 

WHO (2013) Malaria Entomology and Vector 
Control. World Health Organization 2013. 
All rights reserved. http://www.who.int/ 
Malaria Entomology and Vector Control 
2013.pdf. Retrieved 2017-05-22 

WHO (2014) World malaria report 2014. 
Geneva: World Health Organization. 
Geneva pp 7, 89-56 

WHO, (2018) Guidelines for the treatment of 
malaria report (2nd edition) World Health 
Organization, pp 21, 72-86. 

 

 


