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Background: To evaluate the risk of transmission of vector-borne diseases transmitted by
mosquitoes, regular updates of the geographic distribution of theses vectors are required. Therefore, a
study base on the abundance, richness and diversity of mosquitoes was conducted between December,
2013 and November 2014 at Cotonou, the economic capital of Benin republic.

Method: A cross seasonal entomological study on larvae and adults of mosquitoes was carried in
fourteen (14) locations randomly at Cotonouin Peri-Urban (PU) and urban areas (UA). The study was
based on sampling mosquito immature stages (larvae/pupae) from domestic, peri-domestic and natural
water sources and reared to adults. Additional adults mosquito were collected by Human Landing
Catches (HLC), Indoor Pyrethrum Spray Catches (PSC), Biogents (BG) sentinel traps and Windows
traps (WT) in PU and UA in order to assess the richness of mosquito fauna in this city.

Results: Adult’s mosquitoes from larvae collected in our study sites showed thirteen species of
mosquitoes (including 3 Anophelesspecies, 5 Culexspecies, 4 Aedesspecies and 1 Uranotaenia
species) belonging to 4 genera. However, when the adults came directly from HLC and the different
traps cited above, 15 species of mosquitoes including 3 Anophelesspecies, 5 Culexspecies, 2
Mansonia species, 4 Aedes species and 1 Uranotaenia species belonging to 5 genera (Culex, Aedes,
Anopheles, Uranotaenia and Mansonia). The abundance of the mosquito genera recorded at PU and
UA varied significantly (p<0.05), with the Culex genera recording the highest abundance.

Moreover, the mosquito species recorded at PU regardless the collection methods was higher
significant than those obtained at UA (P< 0.05).

Conclusion: The presence of Culex, Aedes, and Anopheles species highlighted by this study in the
city of Cotonou is posing a serious epidemiological concern to the inhabitants of this city. Therefore,
larviciding of breeding sites before the onset of the rainy season and public enlightenment on the
environmental factors and/or human activities that encourage mosquito breeding are recommended.

Copyright © 2015 Agbanrin et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Background

recorded yearly (ampbell-Lendrum ez al., 2005) with 17% of
all infectious diseases worldwide (Townson et al., 2005).
According to the most recent classification of mosquitoes, the
family Culicidae (Diptera) includes two subfamilies, 11 tribes,

Mosquitoes (Diptera, Culicidae) are considered one of the
most relevant group of arthropods in the public health field
(Schaftner et al., 2001 and Becker et al., 2010) and, like other
organisms, show a direct relation to different factors such as
environmental and habitat heterogeneity or host preferences
(Zhong et al., 2003). Belongining to Culicidae family,
mosquitoes are nuisance species as well as potential
transmitters of zoonotic and human diseases such as dengue
fever, yellow fever and malaria of which 1.4 million deaths are

*Corresponding author: A. Yadouléton,
Ecole Normale Supérieure de Natitingou-Université de Parakou

111 genera, and 3,523 species where 150 species of the genera
Anopheles, Aedes and Culex, are the indirect cause of
morbidity and mortality among humans, more than any other
group of organisms (Harbach, 2007) in the world. In context of
climate change, eenvironmental changes due to human
activities greatly influence the distribution and survival of
many mosquito species (Dossou-Yovo et al., 1995; Adeleke et
al., 2008; Amusan et al., 2005). Moreover, in many African
countries as Benin, deteriorating infrastructure, poor access to
health, water and sanitation services, increasing population
density, and widespread poverty contribute to conditions that
modify the environment in peri urban areas, which directly
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offers a suitable condition of mosquito development (Parnell
and Walawege, 2011). Cotonou, the economic capital of
Benin (West Africa), is located on a strip of land between the
lakeNokoue and the Gulf of Guinea offers suitable condition
for several species of mosquitoes development which
transmitted malaria (Akogbeto, 1992; Armel Djénontin et al.,
2010; Yadouléton et al., 2010), dengue fever (Yadouleton et
al., 2014) and other filariasis (Yadouléton et al., 2015).
Moreover, the lackofchannels of storm waterandwastewaterin
many areas of this city contribute alsotothe presence of more
mosquitoes breeding sites which representlarval habitats of
different type of mosquitoes. Constant studies on biology and
larval ecology of mosquitoes have been observed as important
tools in mosquito control (Kim et al, 2010) and such studies
will help to determine the existing and disappearing mosquito
species, relative population densities and the extent of their
distribution, seasonal trends and disease infection rates. This
study was designed to access the abundance and diversity of
Culicidae fauna at Cotonou in southern Benin. Data from this
study will help to update the mosquito fauna at Cotonou and
useful for an implementation of vector control against the
different species of these mosquitoes population.

MATARIALS AND METHODS
Study areas

The study was carried out in southern Benin at Cotonou, the
economic capital from December 2013 to November 2014 at
UA and PU (Figure 1). The choice of the study area is based on
the weak level of urbanization and the presence of a lot of
mosquitoes breeding sites. This city is located on a strip of land
between Lake Nokoue and the Gulf of Guinea (6.2° N-6.3° N
and 2.2° E-2.3° E) connected by a lagoon. This part of Benin is
characterized by a tropical coastal Guinean climate with two
rainy seasons (April-July and September—November). The
main annual rainfall is more than 1300 mm.

Field collection

To have an idea on the richness of the mosquito fauna at
Cotonou, a cross sectional entomological study was carried out
from December 2013 to November 2014 in UA and PU at
Cotonou, based on sampling of mosquitoes by larvae and
adults collection.

Figure 1. Map of the study area showing the neighborhoods where the data was collected
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Larvae of mosquito species were collected using a standard
mosquito larval dipper and pipette at all sampling sites twice a
month. At each sample site, mosquito larvae were sampled
from wet pit latrines, blocked open drains, and polluted
puddles, domestic runoffs. To maximize the number of species
from larvae collection, ten artificial containers (cans, pots and
discarded plastic containers) were placed and sampled twice a
month at specific. Larvae and pupae collected in the different
breeding sites were kept in separatelabeled bottles for each
locality. Larval samples were reared up to adult emergence at
the CREC (Centre de Recherche Entomologique de Cotonou,
Benin) insectary for identification. Concerning the adults,
collections were organized in households by using several
methods:

(1) Indoor and outdoor Human Landing Catches (HLC) was
performed monthly over two consecutive days (8:00 PM to
6:00 AM), in 4 randomly selected compounds;

(2) Indoor Pyrethrum Spray Catches (PSC) performed also
monthly over two consecutive days (11:00 AM to 6:00 PM) in
4 other selected compounds; the same compounds in each
sampling method being consistently used throughout the study.
For HLC method, collectors gave prior informed consent and
received anti-malaria prophylaxis and yellow fever
immunization. They were organized in teams of two for each
collection point and they rotated between locations within
houses every two hours. These mosquito populations were
completed with those collected from Biogents (BG) sentinel
trap (posed from 10:00 AM to 6:00 PM) and Windows traps
(WT) pose in 4 randomly selected compounds at PU and UA
from (9:00 PM to 7:00 AM). All captured mosquitoes were
morphologically identified using an identification key Edwards
(Edwards, 1941) and by Gillies and Meillon (Gillies and De
Meillon, 1968) and stored in eppendorff tubes on silica gel.
With the emergence of larvae from nests and larval surveys
adults are also morphologically identified using the
aforementioned key and then stored as previous mosquitoes.

Data analysis

Species diversity was assessed using index of Shannon-Weaver
(H) (13), of Simpson (D1) (Simpson, 1949 and Shannon, 1948)
and the diversity profile of mosquitoes was based on Renyi
index (Ha) (Shannon and Weaver, 1963). This profile wasused
to assessthe diversity between UA and PU areas.

Moreover, the richness (S) and relative abundance (pi = ni / N
where ni = actual of species row i, N = total number) of each

species  were defined following  Barbault index.
o) s
H = _Z P log(pz) D = Z pf and
i=l1 i=1
D =1-D
N
In( /")
H, = % (¢ =0;0.25;0.5;1;2;4;8;0)
-

e S is the species richness of an area (the number of
species found in the area).

n, . . .
e p,=— is the relative frequency of a species, the
n
relative abundance of the species and the total
abundance.

The confidence index Shannon-Weaver and Simpson were
calculated using the non-parametric bootstrap confidence
interval method (Kindt et al., 2006). Index calculations were
performed using the R vegan (DiCiccio and Efron, 1996)
package.

The change in adult animals between UA and PU areas was
assessed using linear regression log (Dobson, 1990).

RESULTS

Richness of mosquito fauna identified in urban and peri-
urban areas

Thirteen species of Adult’s mosquitoes coming from larvae
collected in our study sites, (dedes aegypti, Ae. Luteocephalus,
Ae. circumluteolus, Ae. vittatus, Anopheles gambiae sl, An.
ziemanni, An. pharoensis, Culex decens, Cx. nebulosus Cx.
quinquefasciatus, Cx. Tigripes, Cx. fatigrans and Uranotaenia
bilineata) including 3 Anopheles species, 5 Culex species, 4
Aedes species and 1 Uranotaenia belonging to 4 genera (Culex,
Aedes, Anopheles and Uranotaenia) recorded at PU and UA
(Table 1). However, when the adults came directly from the
different traps described above, 15 species (de. aegypti, Ae.
luteocephalus, Ae. circumluteolus, Ae. vittatus, An. gambiae
s.l., An. ziemanni, An. pharoensis, Cx. decens, Cx. nebulosus,
Cx. quinquefasciatus, Cx. tigripes, Cx fatigrans, M. africana,
M. uniformis et Ur bilineata) of mosquitoes (including 3
Anopheles species, 5 Culex species, 2 Mansonia species, 4
Aedes species and 1 Uranotaenia species) belonging to 5 genera
(Culex, Aedes, Anopheles, Uranotaenia and Mansonia) were
recorded at PU and UA.

Abundance and diversity of species culicidiennes

45,609 adult’s mosquitoes have been recorded by different
methods described above. Globally, mosquitoes are most
abundant in PU (25,303) than in UA (20,306) (p<0.0001) In
general, Culex quinquefasciatus, Aedes aegypti and Anopheles
gambiae were the dominant species in both UA and PU areas
of the city with relative abundances of 64.30%; 22.86% and
12.84% respectively (Table II). Base on the abundance of
species recorded, Cx. quinquefasciatus is the highest species
found despite the area (PU and UA) of collection. Moreover,
Cx. quinquefasciatus is more important at PU than UA with
76.27% and 49.24% respectively as abundance (p<0.05) (Table
IT). The same trend was observed with the Luteocephalus, Ae
vitattus, An. gambiae, An. ziemanni, An. pharoensis, Cx.
tigripes, Cx.fatigrans, Cx. nebulosus, and M. Africana)which
were more abundant at PU than UA(p<0.05). On the other
hand, Ae. Aegypti and Ae. circumluteolus were more abundant
in UA than PU(p<0.05). However, Cx. decens and Uranotaenia
bilineata didn’t show a significant change in their relative
abundance between urban and peri-urban areas (p>0.05).
Moreover, Simpson index values of in UA (0.59) and PU
(0.40) recorded in our study site showed the dominance of
species in the PU contrary to UA where co-dominance is
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Table 1. Richness of mosquito fauna recorded in Peri-urban and Urban at Cotonou

Genus Species Urban area Peri-urban area (UA) and(PU)
(UA) (PU)
Culicidae fauna identified after Aedes luteocephalus X X X
rearing larvae collected during aegypti X X X
larval surveys circumluteolus X X X
vittatus 0 X X
S 3 4 4
Anopheles gambiae X X X
pharoensis X X X
ziemanni X X X
S 3 3 3
Culex tigripes X X X
fatigans X X X
gr decens X X X
nebulosus X X X
quinquefasciatus X X X
S 5 5 5
Uranotaenia biliniata X X X
S 1 1 1
S=4 S =13 S =12 S =13 S;=13
Aedes luteocephalus X X X
Culicidae fauna identified after aegypti X X X
adults sampling circumluteolus X X X
vittatus 0 X X
S 3 4 4
Anopheles gambiae X X X
pharoensis X X X
ziemanni X X X
S 3 3 3
Culex tigripes X X X
fatigans X X X
gr decens X X X
nebulosus X X X
quinquefasciatus X X X
S 5 5 5
Mansonia africana X X X
uniformis X X X
N 2 2 2
Uranotaenia biliniata X X X
S 1 1 1
S=5 S, =15 S =14 S, =15 S =15
X = presence, S1 = Number of species in the genus, S = Number of genus, St = Total species
Table 2. Abundance Culicidae in urban and peri-urban areas of Cotonou
Genus Species Peri-urban area Area urban Total P
AB AB(%) AB AB(%) AB AB(%)
Aedes luteocephalus 79 0,33 22 0,11 101 0,23 0.0004
aegypti 2187 9 7781 40,3 9968 22,86 <0.0001
circumluteolus 41 0,17 61 0,32 102 0,23 0.002
vittatus 10 0,04 0 0 10 0,02 0.0108
Anophele gambiae 2839 14,56 2285 11,93 5124 12,84 <0.0001
pharoensis 163 0,67 98 0,51 261 0,6 0.03312
ziemanni 96 0,4 29 0,15 125 0,29 <0.0001
Culex tigripes 319 1,31 146 0,76 465 1,07 <0.0001
fatigans 77 0,32 23 0,12 100 0,23 <0.0001
gr.decens 33 0,14 25 0,13 58 0,13 0.9627
nebulosus 264 1,09 167 0,87 431 0,99 0.02312
quinquefasciatus 18535 76,27 9507 49,24 28042 64,3 <0.0001
Mansonia africana 544 2,24 214 1,11 758 1,74 <0.0001
uniformis 3 0,01 0 0 3 0,01 0.2573
Uranotenia biliniata 114 0,47 89 0,46 203 0,47 0.9778
Abundance 25303 100 20306 100 45609 100 <0.0001
Simpson_1-D 0,40[0,39-0,44] 0,59[0,59-0,6] 0,53[0,52-0,53]
Shannon H 0,95[0,93-0,97] 1,11[1,1-1,13] 1,1[1,08-1,11]

AB = Abundance ; AB (%) = Relative Abundance

. - Profile of di ity betw b d peri-urb
observed between species (Table II). Similarly, the Shannon rofile of diversity between urban and peri-urban area

index values (1.11) in UA and PU (0.95) showed that diversity

The diversity profile of mosquitoes in PU areas is dominant,
is more often in UA compared to the PU (Table II). versity P a

when thea values are < 0.5 (Figure2). Moreover, base on the
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profile values both in PU and UA, results from our study sites
showed that the profile value of mosquitoes (HO = 2.56) in PU
area is higher significant in species than what we got (HO =
2.68) in UA.
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Figure 2. Diversity Profile of mosquitoes based on the series H-alpha
Renyi between suburban (peri-urban) areas and urban areas at
Cotonou.

DISCUSSION

The Abundance and diversity of Culicidae fauna study
conducted at Cotonou, Benin showed 13 species of adult’s
mosquitoes coming from larval sampling methods and 15
species of adults mosquitoes coming from the different traps
and HLC. These results were found in previous study
conducted by Padonou et al. (Padonou et al., 2012). Hower,
Hiittel et al. (Huttel, 1950) and Hamon (Hamon, 1954) found
the same results but with absence of Cx. fatiguing, Cx
quinquefasciatus and Cx. decens. The absence of some species
can be explained by the climate change as it was highlighted by
Akram et al. (Matthys ef al., 2010). In fact, 20 years ago, a
study conducted by Akogbeto et al. (Akogbeto, 1992) in
southern Benin reported only eight species (Anopheles gambiae
slAn.coustani, An.pharoensis, Ae.aegypti Culex Thalassius, Cx
gr.decens, Mansonia uniformis and Ma.africana) compared to
13 or 15 species found in our current study.In the same line, in
2010 Lingenfelser et al. (Lingenfelser et al., 2010) identified
24 species of Culicidae fauna in southern Benin while
Djenontin et al. (Armel Djénontin et al., 2010) identified 28
species. A part from the effect of the climate change on the
dynamic of mosquitoes which can explain the number of
species got from several studies, sampling methods and the
period of mosquitoes collection can also affect the number of
species. Furthermore, the presence of three mosquitoes genera
at all sampled habitats in this study showed the abilities of
mosquitoes to breed at all habitat types throughout the year in
the southern of Benin. This result indicated a high potential for
malaria, yellow fever and bancroftian filariasis in the city
throughout the year. The persistence of the three mosquito
genera (Table I) in this part of the country could be explained

by the increased and varied human activities, urbanization and
other related anthropogenic factors that create different natural

and artificial habitats as sources of water for oviposition and
breeding sites for several mosquitoes species. Also, the
increase of mosquitoes found in PU compared to UA can be
explained by several factors such as the poor economic
condition, low literacy levels, poor sanitation levels,
indiscriminate disposal of wastes (including discarded
household materials, cans, plastic and metal containers),
abundant numbers of abandoned construction = sites,
uncontrolled domestic run-offs and poor maintenance of gutters
and drainages by people leaving at PU compared to UA. These
findings were reported by many authors (Dossou-Yovo et
al.,1995; Aigbodion and Odiachi, 2003; Adeleke et al., 2008;
Impoinvil et al., 2008). During our collection, Cx.
quinquefasciatus was more abundant at PU than at UA. This
can be explained by the fact that in many sub-Saharan towns,
unplanned urbanization and lack of waste management lead to
widespread water collection, thus favoring the proliferation of
Cx. quinquefasciatus. (Amarasinghe et al., 2011). However, the
concentration of administrative and economic infrastructure at
UA (cotonou) offers a good condition of development for
Aedes spp as we found in our study site. In fact, the presence of
Aedes particularly Ae. Aegypti collected can be explained by
the existence ofsecond hand tires from Europe and Asia which
are stored and sold in southern Benin (Yadouleton et al., 2014).
These tires were the most productive Ae. aegypti larvae
breeding sites and thus, independently of season. This result
confirmed what was found in the Central African Republic
(Kamgang et al., 2013) and in southern Cameroon (Kamgang
et al., 2010). In fact, the advantages of this second hand tire
trade of are considerable. They contribute to the improvement
of living conditions by supplying income and employment to
urban populations. However, the positive economic and social
impact of this trade is limited by the fact that these tires are
good breeding sites for Ae. aegypti, and therefore contribute to
the development of large mosquito populations in these areas.
Despite their massive presence in the tires, some larvae were
found also in abandoned peri-domestic containers and
discarded tanks. This finding is in agreement with observations
made in Cameroon (Kamgang et al, 2013), where peri-
domestic containers represented the bulk of the containers
infested by Ae. aegypti or Ae. albopictus.

Conclusion

The presence of Culex, Aedes, and Anopheles species
highlighted by this study in the city of Cotonou is posing a
serious epidemiological concern to the inhabitants of this city.
Therefore, larviciding of breeding sites before the onset of the
rainy season and public enlightenment on theenvironmental
factors and/or human activities that encourage mosquito
breeding are recommended.

Competing interests
The authors declare that they have no conflict of interest.

Authors’ contributions

AR carried out field experiments, collected, analysed,
interpreted data and wrote the first draft of the manuscript.



14090

Agbanrin et al. Abundance and diversity of culicidae fauna at Cotonou in southern Benin

GGP, AY, BK, AE, SV, GV, RA helped with the field
activities. AR, GGP, AY and MA conceived and designed the
study, supervised fields collection, data analysis and
interpretation, revised the manuscript and gave final approval
for the version to be published. All authors read and approved
the final manuscript.

Acknowledgements

This work was financially supported by the Ministry of High
Education. I am grateful to CREC’s staff particularly Drs.
Aikpon Rock and Osse Razacki for their technical assistance
during field collections. They made many valuable suggestions
that greatly improved the manuscript.

REFERENCES

Adeleke, M.A., C.F. Mafiana, A.B. Idowu, M.F. Adekunle and
S.0. Sam-Wobo, 2008. Mosquito larval habitats and public
health implications in Abeokuta, Ogun State, Nigeria.
Tanzania J. Health Res., 10: 103-107.

Adeleke, M.A., C.F. Mafiana, A.B. Idowu, M.F. Adekunle and
S.0. Sam-Wobo, 2008. Mosquito larval habitats and public
health implications in Abeokuta, Ogun State, Nigeria.
Tanzania J. Health Res., 10: 103-107.

Aigbodion, F.I. and F.C. Odiachi, 2003. Breeding sites
preferences of Anopheline mosquitoes in Benin City
Nigeria.Niger. J. Entomol., 20: 1-7.

Akogbeto, 1992. Etude des aspects épidémiologiques du
paludisme cotier lagunaire au Bénin. These de Doctorat ¢s-
sciences. Université de Paris XI, 192 pp.

Amarasinghe, A., Kuritsk, J.N., Letson, G.W.and Margolis,
H.S., 2011.Dengue virus infection in Africa.Emerg Infect
Dis, 17:1349-1354.

Amusan, A.A., C.F. Mafiana, A.B. Idowu and G.O. Olatunde,
2005. Sampling mosquitoes with CDC light trap in rice
field and plantation communities in Ogun State, Nigeria.
Tanzania Health Res. Bull., 7: 111-116.

Armel Djénontin, Sahabi Bio-Banganal, Nicolas Moiroux,
Marie-Claire Henry, Olayidé Bousari, Joseph Chabi,
Razaki Osse, Sébastien Koudénoukpo, Vincent Corbel,
Martin Akogbéto and Fabrice Chandre., 2010.Culicidae
diversity, malaria transmission and insecticide resistance
alleles in malaria vectors in Ouidah-Kpomasse-Tori district
from Benin (West Africa): A  pre-intervention
study.Parasites & Vectors, 3:83.

Becker, N., Petric, D., Zgomba,M., Boase, C., Madon, M.,
Dahl, C. and Kaiser, A., 2010. Mosquitoesandtheir control.
Springer, London, 577 pp.

Campbell-Lendrum, D., Molyneux, D. and Amerasinghe, F.,
2005. Ecosystems andvector-borne disease
control.InEcosystems and Human Well-Being. Findingsof
the responses working group of the Millennium Ecosystem
Assessment.Volume 3.Edited by Epstein P, Githeko A,
Rabinovich J, Weinstein P.Washington DC: Island Press;
353-372.

DiCiccio, T.J. and Efron B., 1996. Bootstrap confidence
intervals (with Discussion). Statistical Science, 11, 189—
228.

Dobson, A. J., 1990. An Introduction to Generalized Linear
Models. London: Chapman and Hall.

Dossou-Yovo, J., J. Doannio, F. Riviere and G. Chauvancy,
1995. Urbanization and establishment of Culex
quinquefasciatus in a West African rural area. Acta Trop.,
59:251-253

Dossou-Yovo, J., J. Doannio, F. Riviere and G. Chauvancy,
1995. Urbanization and establishment of Culex
quinquefasciatus in a West African rural area. Acta Trop.,
59:251-253

Edwards, F.W., 1941. Mosquitoes of the ethiopian region. III
Culicine adults and pupae adults. London Birt Mus Nat
Hst, 499 p.

Gillies M. and De Meillon B., 1968. The Anophelinae of
Africa south of the Sahara. 2nd ed.South African Institute
of Medical Research, p. 131-135

Hamon, J, 1954. Contribution a 1’étude des Culicidés de la
région de Porto-Novo (Bas-Dahomey).Ann parasitologie.
29:588-594.

Harbach, R.E., 2007. The Culicidae (Diptera): A review of
taxonomy, classificationand phylogeny.Zootaxa,1668:591—
638.

Huttel, J. 1950. Note sur la répartition des moustiques dans le
Bas-Dahomey.Bull Sot Path Exot. 43:563-566.

Impoinvil, D.E., J. Keating, C.M. Mbogo, M.D. Potts, R.R.
Chowdhury and J.C. Beier, 2008. Abundance of immature
Anopheles and culicines (Diptera: Culicidae) in different
water body types in the urban environment of Malindi,
Kenya. J. Vector Ecol., 33: 107-116.

Kamgang, B., Happi, J.Y., Boisier, P., Njiokou, F., Herve, J.P.,
Simard, F and Paupy C., 2010. Geographic and ecological
distribution of the dengue and chikungunya virus vectors
Aedes aegypti and Aedes albopictus in three major
Cameroonian towns. Med Vet Entomol, 24:132-141.

Kamgang, B., Ngoagouni, C., Manirakiza, A., Nakoune, E.,
Paupy, C. and Kazanji, M., 2013. Temporal patterns of
abundance of Aedes aegypti and Aedes albopictus (Diptera:
Culicidae) and mitochondrial DNA analysis of Ae.
albopictus in the Central African Republic.PLoS Negl Trop
Dis 7:¢259016.

Kim, H.C., S.T. Chong, P.V. Nunn and T.A. Klein, 2010.
Seasonal prevalence of mosquitoes collected from light
traps in the Republic of Korea. Entomol. Res., 40: 136-144.

Kindt R., P. Van damme and A.J. Simons., 2006. Tree
diversity in western Kenya: using profiles to characterise
richness and evenness. Biodiversity and Conservation DOI
10.1007/s10531-005-0772-x.

Lingenfelser, A., Rydzanicz, K., Kaiser, A., Achim Kaiser and
Norbert Becker. 2010. Mosquito fauna and perspectives
for integrated control of urban vector-mosquito populations
in Southern Benin (West Africa).Annals of Agricultural
and Environmental Medicine, 17(1): 49-57

Matthys, B., Koudou, B. G., N'Goran, E. K., Vounatsou, P.,
Gosoniu, L., Koné, M., Giss¢, G. and Utzinger, J. 2010.
Spatial dispersion and characterisation of mosquito
breeding habitats in urban vegetable-production areas of
Abidjan, Cote d’Ivoire. Annals of Tropical Medicine and
Parasitology. 104(8):649-666

Padonou G. G.,, M. Sezonlin, G. L. Gbedjissil, I. Ayi , R.
Azondekon, A. Djenontinl, S. Bio-Bangana , O. Oussou ,
Yadouleton, A., Boakye, D. and Akogbeto, M. 2012.
Biology of Anopheles gambiae and insecticide resistance:
Entomological study for a large scale of indoor residual



14091

International Journal of Current Research, Vol. 7, Issue, 03, pp.14085-14091, March, 2015

spraying in south east Benin.Journal of Parasitology and
Vector Biology Vol. 3(4), pp. 59-68.

Parnell, S. and Walawege, R. 2011. Sub-Saharan African
urbanization and global environmental change. Global
Environmental Change. 21(1):12-20.

Schaftner, F., Angel, G., Geoffroy, B., Hervy, J.O.a and Rha
eim, A. 2001. ThemosquitoesofEurope/Lesmoustiques
d’Europe (computer program). France:IRD Editions and
EID Méditerranée, Montpellier.

Shannon, C. E. et Weaver, W., 1963. The Mathematical
Theory of Communication. University of Illinois Press.

Shannon, C. E., 1948. A Mathematical Theory of
Communication. The Bell System Technical Journal 27:
379423, 623-656.

Simpson, E. H., 1949. Measurement of diversity. Nature
163(4148): 688.

Townson, H., Nathan, M.B., Zaim, M., Guillet, P., Manga, L.,
Bos, R. and Kindhause,r M. 2005. Exploiting the potential
of vector control for disease prevention.Bull WHO83:942—
947

Yadouléton A., K., Badirou, R., Agbanrin, H., Jost,R. Attolou,
R., Srinivasan, G., Padonou, M. and Akogbéto. 2015.
Insecticide resistance status in Culex quinquefasciatus in
Benin. Parasites and Vectors. 3:118.

Yadouleton A., R. Agbanrin, C. Vodounon, G. padonou, K.
Badirou, R. Attolou, F. Ursins, J. Zola, H. Allagbé, and M.
Akogbéto; 2014. Seasonal distribution of Aedes aegypti in
southern Benin: a risk of dengue virus transmission to
urban populations. International Journal of Innovation and
Applied Studies 948-954

Yadouléton, A.W., N’Guessan, R., Allagbé, H., Asidi, A,
Boko, M., Osse, R. G., Padonou, Gazard, K. and
Akogbéto M; 2010. The impact of the expansion of urban
vegetable farming on malaria transmission in major cities
of Benin.Parasites and Vectors. 3:118.

Zhong, H., Yan, Z., Jones, F. and Brock, C. 2003. Ecological
analysisofmosquitolighttrapcollectionsfromWest
CentralFlorida. Environmental Entomolgy, 32:807-815.

skeosk skokoskokosk



