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Abstract 
 
Endo- and Exophagic Anopheles mosquitoes were collected between December 2008 – May 2009 from three villages of Uratta 
Owerri North Local Government Area (LGA) of Imo State Nigeria. Indoor resting collections and human landing catches were 
employed using World Health Organisation (WHO) standard procedure. Of the 953 collected Anopheles mosquitoes, Anopheles 
gambiae complex 536 (56.2%) showed higher preponderance than An. funestus complex 306 (32.1%), An coustani 65 (6.8%) and An. 
moucheti 46 (4.8%). A total number of 311 males (32.6%) and 642 females (67.4%) mosquito were identified. A higher number of 
females 294 (74.1%) was identified in Owalla than other sampled villages – Owaelu 164 (63.3%), Umunahu 184 (62.0%). The 
number of engorged female Anopheles were highest in Owalla (47.2%) followed by Owaelu (46.9%), and then Umunahu (40.9%). 
Shannon-Wiener Diversity Index of the mosquito species was 0.4421 while the Simpson’ Dominance of the species was 0.4241. 
There was no significant difference between species diversity for the three study communities (p > 0.001). Vector control must be 
carried out in these communities to reduce the number of these indoor and out-door biting mosquitoes. This study therefore, will be 
useful as baseline data to help design strategies for malaria control in Owerri North LGA and also assist augment the on going effort 
of the Roll Back Malaria (RBM) Program in Imo State. 
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Introduction 
 
Malaria is life-threatening parasitic disease transmitted from 
person to person through the bite of a female Anopheles 
mosquito. The financial loss due to malaria annually is 
estimated to be about 132 billion Naira (19.8 trillion USD) in 
form of treatment cost, prevention, loss of man-hours e.t.c. 
(NCMP Annual Report, 2005). Malaria can therefore be 
regarded as both an urban and rural disease. Furthermore, it 
has been estimated that 350 to 500 million episodes of 
clinical malaria occur per annum, with 1.5 to 2.2 million 
deaths (Crutcher and Hoffman, 2000; WHO, 2005). Transmi- 
ssion in the southern part of the country occurs all year 
round, while it is more seasonal in the north. There is no 
evidence of a systematic decline in malaria burden; the 
upward trend in numbers of cases and deaths is probably due 
to improvements in reporting (Anthony et al., 2005). The 
control of vectors is a powerful means of controlling the 
disease they transmit. Effective control of malaria vectors can 
be achieved when necessary information about the species’ 
complex, especially their distribution, and vectoral compet- 
ence and capacity are known. In Africa and Nigeria in 
particular, many studies have been carried out to identify 
mosquito species, their genetic structure and ecology 
(Service, 1980; Onyabe and Conn, 2000a, 2001b, 2001c; 
Oguoma and Ikpeze, 2008, Umaru et al., 2007), but little is 
known about mosquito species complexes within Owerri 
North LGA. To the best of our knowledge, this will be the 

first study to identify the presence of malaria and its vectors 
within this region. The main objectives of this study are to 
identify the species composition of man-biting mosquitoes, 
and as well determine the diversity and dominance of the 
mosquito species found in the study villages using ecological 
indices. This project therefore, will be useful as baseline data 
for designing strategies for malaria parasite and its vector 
control in Owerri North LGA. It will also help to augment 
the on going effort of the Roll Back Malaria (RBM) Program 
in Imo State. 
 
Materials and methods 
 
Study area: 
 
The study area, Uratta community, is in Owerri North Local 
Government Area and comprises of 10 villages. It is located 
between latitude 5o41 and 5o151, and longitude 7o151 and 
7o301 with relative humidity of about 75%, reaching 85% 
during the rainy season. The temperature ranges from 20oC to 
30oC. The sampled villages – Owalla, Owaelu and Umunahu 
is increasing in population owing to the outrush of people 
from Owerri metropolis to these adjacent villages. Uratta, is 
in the tropical rainforest geo-climatic zone. The vegetation is 
typical of the southeastern rainforest, thick, deciduous 
/evergreen  forest.  The  seasons  in  the  study area are,  well  
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                      Table 1.  Total number of species caught and identified 

Species Owalla 
(%) 

Owaelu 
(%) 

Umunahu 
(%) 

Total 
(%) 

Anopheles gambiae complex 209 (52.6) 157 (60.6) 170 (57.2) 536 (56.2) 
Anopheles funestus complex 121 (30.5) 80 (30.9) 105 (35.4) 306 (32.1) 

Anopheles coustani 47 (11.8) 13 (5.0) 5 (1.7) 65 (6.8) 
Anopheles moucheti 20 (5.0) 9 (3.5) 17 (5.7) 46 (4.8) 

Total 397(41.7) 259(27.2) 297(31.2) 953 (100) 
 
defined: namely dry season (from October to March) and wet 
season (which spans through April to early October). 
 
Mosquito Collection 
 
Indoor resting collections of Anopheles mosquitoes were 
made at 2 days intervals between March and May simultan- 
eously in the selected villages. On each visit, five houses 
were randomly selected in each village. Torch light was used 
to daze the mosquito and a suction tube used to suck the 
mosquito into the collection tube. The time (7:00 pm – 4:00 
am) and period of collection were chosen to enable catch 
fully engorged mosquitoes. Human landing catches were 
carried out using World Health Organisation (WHO) 
standard procedure (WHO, 1995), which adopts the stationed 
human bait collection method. Prior to collection, individuals 
acting as bait were treated with Amalar® (Pyrimethamine 
and Sulfadoxine) – an anti malaria drug. Samples of mosq- 
uitoes caught were preserved dry on silica gel. On cases 
where some samples were transported to National Arbovirus 
Unit, Enugu, Enugu State, Nigeria each days collection of 
mosquitoes were placed in a “well” made of tissue paper and 
loosely wrapped and placed inside a cardboard container such 
as a perfume box. The date of collection, method of 
collection (whether indoor or human landing catch) and site 
of collection was enclosed. 
 
Identification of Anopheline Types 
 
Dissecting microscope was used for identification with 
particular reference to the head, thorax, wings and hind legs 
(Gilles and Coetzee, 1987). Morphological characteristics 
were used for distinguishing Anopheline from Culicine 
mosquitoes. These included their maxillary palps after Gilles 
and Coetzee, (1987). Anopheles moucheti was distinguished 
from other Anopheline by the presence of fringe spot 
opposite the 6th vein on the wings of the mosquitoes.  
 
Statistical Analysis of Data 
 
Data on mosquito collected were analyzed using Social 
Sciences (SPSS) Statistical Package (Version 11.0). Cross-
tabulations were generated and Chi-square test was applied 
for this purpose. Chi-square was calculated using GraphPad 
StatMate™ 2.0. Shannon-Wiener diversity index (H) and 
Simpson’s dominance index (C) for the area was determined. 
Shannon-Wiener index (H) was used in calculating t1 
(Ogbeibu, 2005) to test for significant difference in diversity 
and dominance of mosquito species. 
 
Results 
 
Anopheles gambiae complex showed higher preponderance 
than An. funestus complex, An coustani and An. moucheti 
(Table 1). As shown in Table 2, a total number of 311 males 
(32.6%)  and  642  females (67.4%) were identified. A higher  
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Fig 1. Overall Female Anopheles with and without blood 
meal in the three communities 

Table 2. Morphological identification of mosquitoes in sexes 
in the three villages 
Communities Anopheles 

Males (%) 
Anopheles 
Females (%) 

Total (%) 

Owalla 103 (25.9) 294 (74.1) 397 (41.7) 
Owaelu 95 (36.7) 164 (63.3) 259 (27.2) 
    
Umunahu 113 (38.1) 184 (62.0) 297 (31.2) 
Total  311 (32.6) 642 (67.4) 953 (100) 
 
 
number of female mosquitoes 294 (74.1%) was identified in 
Owalla than other sampled villages – Owaelu and Umunahu  
As shown in Figure 1, the number of unengorged mosquitoes 
was highest in Umunahu followed by Owaelu and Owalla. 
Conversely, the number of engorged female Anopheles were 
highest in Owalla followed by Owaelu , and then Umunahu. 
Fig 2 shows comparison of ecological indices (biological 
information) of Anopheles mosquitos in the three commu- 
nities. Owaelu had the highest Shannon-Wiener and Simp- 
son’s Dominance values of 1.0115 and 0.4666, respectively. 
Table 3 illustrates the computations for species diversity and 
dominance indices for Anopheles mosquitoes sampled in the 
three villages. Shannon-Wiener diversity index of the 
Anopheles mosquito species was 0.4421 while the Simpson’s 
dominance of the species was 0.4241. An. gambiae had the 
highest Simpsoni’s dominance value while An. funestus had 
the highest Shannon-Wiener diversity index. Table 4 shows 
computations for species diversity and dominance index for 
Anopheles  mosquitoes  sampled  in   Owalla,   Owaelu   and  
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Table 3. Computations for species diversity and dominance indices for Anopheles mosquitoes sampled from communities in Uratta, Owerrri North Zone, Southeastern Nigeria 
Key: ni = Abundance of species, N = Total number of individuals, Pi = Proportion of individuals found in the ith species, In = The Natural (Naperian) logarithms (loge), (ni/N)2 = (Pi)2 

Mosquito species 
(S = 4) 

Ni ni log ni ni log2ni Pi or 
(ni/N) 

(Pi)2 or 
(ni/N)2 

ni(n-1)/N(N-1) Pi log Pi Pi In Pi Pi (In Pi)2 Shannon-Wiener 
diversity index 

Simpson’s 
dominance 

1 An. gambiae 536 1462.83 3992.31 0.5624 0.3163 0.3161 -0.1406 -0.3237 0.1863 0.1406 0.3163 
2 An. funestus 306 760.63 1890.72 0.3211 0.1031 0.1029 -0.1584 -0.3648 0.4144 0.1584 0.1031 
3 An. coustani 65 117.84 213.63 0.0682 0.0047 0.0046 -0.0795 -0.1831 0.4918 0.0795 0.0047 
4 An. moucheti 46 76.49 127.18 0.0483 0.0023 0.0023 -0.0636 -0.1464 0.4435 0.0636 0.0023 
∑ N = 953 2417.79 6223.84 1.0000 0.4241 0.4259 -0.4421 -1.0180 1.5360 0.4421 0.4241 

 
 
Table 4.  Computations for species diversity and dominance index for Anopheles mosquitoes sampled in Owalla, Owaelu and Umunahu in Uratta, Owerri North Zone, Southeastern Nigeria 

Mosquito species 
(S = 4) 

ni ni log ni ni log2ni Pi or 
(ni/N) 

(Pi)2 or 
(ni/N)2 

ni(n-
1)/N(N-1) 

Pi log Pi Pi In Pi Pi (In Pi)2 Shannon-Wiener 
diversity index 

Simpson’s 
dominance 

Owalla            
1 An. gambiae 209 484.91 1125.06 0.5264 0.2771 0.2765 -0.1467 -0.3378 0.2168 0.1467 0.2771 
2 An. funestus 121 252.02 524.90 0.3048 0.0929 0.0924 -0.1573 -0.3621 0.4302 0.1573 0.0929 
3 An. coustani 47 78.59 131.41 0.1184 0.0140 0.0138 -0.1097 -0.2526 0.5390 0.1097 0.0140 
4 An. moucheti 20 26.02 33.85 0.0504 0.0025 0.0024 -0.0654 -0.1506 0.4499 0.0654 0.0025 
∑ N = 397 841.54 1815.22 1.0000 0.3865 0.3851 -0.4791 -1.1031 1.6359 0.4791 0.3865 
Owaelu             
1 An. gambiae 157 344.76 757.05 0.6062 0.3675 0.3665 -0.7380 -0.3034 0.1519 0.7380 0.3675 
2 An. funestus 80 152.25 289.74 0.3089 0.0954 0.0946 -0.1576 -0.3629 0.4263 0.1576 0.0954 
3 An. coustani 13 14.48 16.13 0.0502 0.0025 0.0023 -0.0652 -0.1502 0.4493 0.0652 0.0025 
4 An. moucheti 9 8.59 8.20 0.0347 0.0012 0.0011 -0.0507 -0.1166 0.3920 0.0507 0.0012 
∑ N = 259 520.08 1071.12 1.0000 0.4666 0.4645 -1.0115 -0.9331 1.4195 1.0115 0.4666 
Umunahu             
1 An. gambiae 170 379.18 845.73 0.5724 0.3276 0.3268 -0.1387 -0.3194 0.1782 0.1387 0.3276 
2 An. funestus 105 212.22 428.95 0.3535 0.1250 0.1242 -0.1596 -0.3676 0.3823 0.1596 0.1250 
3 An. coustani 5 3.49 2.44 0.0168 0.0003 0.0002 -0.0298 -0.0687 0.2805 0.0298 0.0003 
4 An. moucheti 17 20.92 25.74 0.0572 0.0033 0.0031 -0.0711 -0.1637 0.4683 0.0711 0.0033 
∑ N = 297 615.81 1302.86 1.0000 0.4562 0.4543 -0.3992 -0.9194 1.3093 0.3992 0.4562 

Key: ni = Abundance of species, N = Total number of individuals, Pi = Proportion of individuals found in the ith species, In = The Natural (Naperian) logarithms (loge), (ni/N)2 = (Pi)2 
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Fig 1.  Showing comparison of ecological indices (biological information) of Anopheles mosquitoes in three communities in Uratta 
Owerri North Zone, Southeastern Nigeria 
 
 
Umunahu in Uratta, Owerri North Zone. Owalla recorded a 
diversity and dominance values of 0.4791 and 0.3865, 
respectively, while Owaelu and Umunahu recorded a 
diversity and dominance values of 0.0115 and 0.4666; 0.3992 
and 04562, respectively. 
 
Discussion 
 
Species abundance of man-biting mosquitoes identified were 
Anopheles gambiae complex, Anopheles funestus complex, 
Anopheles coustani and Anopheles moucheti. This study has 
shown that An. gambiae complex is more predominant than 
other species, which comply with some other studies in 
different geo-political zones within Nigeria (Umaru et al., 
2007; Oguoma and Ikpeze, 2008; Okwa et al., 2007; Awolola 
et al., 2007; Oyewole et al., 2007). The influence of this 
particular species in Owalla, Owaelu and Umunahu imme- 
nsely contributed to the high prevalence of malaria as seen in 
part of this study. Most of the mosquitoes caught in this study 
were caught attempting to bite the bait around the foot 
region. Oduola and Awe (2006) reported that mosquitoes 
preferring the foot region were significantly higher when 
compared with other different parts of human host such as 
ankle, calf and thigh. More female Anopheles mosquitoes 
were identified than males. Due to the frequent use of the 
human bait sampling method than the indoor-resting catch 
method, the study recovered more unengorged females. On 
insertion of the proboscis by the female mosquito, it was 
swiftly collected into the collection vial. This did not avail 
the female mosquito to suck-up blood from the human host, 
thereby, resulting in identification of fewer engorged 
females. Ecological communities do not all contain the same 
number of species (Ikpeze et al., 2008; Oguoma and Ikpeze, 
2008). Therefore, the study of species diversity, expressed as 
richness and species abundance, expressed as evenness were 
incorporated. Computations used for diversity and abundance 
indices for Anopheles mosquitoes in the studied villages in 
Uratta Owerri North L.G.A of Imo State as shown in tables 3 
and 4 revealed varying diversity and abundance index values. 
When the diversity and dominance indices frequencies of 
Anopheles mosquitoes were separated according to individual 
villages Owalla recorded diversity and dominance values of 
0.4791 and 0.3865, respectively, while Owaelu and Umunahu 

recorded a diversity and dominance values of 0.0115 and 
0.4666; 0.3992 and 0.4562, respectively. There was no 
observed significant different (t = 0.9984, df = 4, p > 0.001). 
This relatively implies that any control intervention applied 
to any of the villages will probably work for each of the 
individual villages, thereby, reducing the cost of applying 
varying control interventions for each village. The present 
study has shown that the three sampled villages in Uratta 
have a sizeable prevalence of malaria vectors. It is worthy to 
note that elimination of malaria in an area does not require 
the elimination of all Anopheles mosquitoes capable of 
transmitting the disease. Socio-economic improvements (e.g. 
houses with screened windows, air conditioning) combined 
with vector reduction efforts and effective treatment has led 
to the elimination of malaria without the complete 
elimination of the vectors. It has been recorded that source 
reduction of mosquito larval habitats has unexpected 
consequences on malaria transmission (Weidong et al., 
2006). Reduction of aquatic habitats through environmental 
management mitigates malaria transmission not only by 
reducing emergence of host-seeking mosquito but also by 
increasing the amount of time required for vectors to locate 
oviposition sites. Provision of the current strongest drugs – 
Artmesisnin Combination Therapies (ACTs) for malaria 
treatment will aid in the reduction of the high prevalence, 
then incorporating the use of Insecticide Treated Nets (ITNs) 
and residual spraying. Above all, health education is a vital 
tool in designing strategies for disease control because 
without knowledge of the cause of a disorder, knowledge 
about its prevention and control will be uncertain. Having 
known the mosquito species prevailing in the study areas, 
their diversity and abundance values, the study has proven 
that any control measures initiated in one village will 
definitely work for the other studied villages thereby 
reducing the cost of employing different kinds of control 
measures on the three studied villages. 
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