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ABSTRACT. The composition and seasonal population dynamics of adult mosquitoes in Offa
were studied from Jan. 2001 to Dec. 2002 using human baits. Average monthly rainfall, relative
humidity, and temperature were obtained from the local weather station and correlated with
mosquito abundance. An annual average of 13,063 specimens belonging to five species namely:
Aedes cumminsii (Theobald) (41.97%), Anopheles gambiae (Gilies) (23.10%), An. funestus
(Gilies) (17.63%), Culex pipiens fatigans (Linnaeus) (14.87%) and Ae. aegypti (Linnaeus)
(2.43%) were collected. The highest monthly total collection (100.90 mosquitoes/man/night)
was in Aug. and the least (10.51) was in Mar. Significantly higher (ta =0.05) number of
mosquitoes was collected in the rainy season (55.48 mosquitoes/man/night) compared to the dry
season (14.35). Mosquito abundance was significantly and positively correlated with rainfall (r
= 0.70) and relative humidity (r = 0.74) but was negatively and significantly correlated with
temperature (r = -0.66). The implications for public health of the occurrence of the mosquito
species as well as significance of the correlations of mosquito abundance with climatic variables
in planning control measures were discussed.

INTRODUCTION
Mosquitoes are unquestionably the most

important vectors of malaria fever, yellow
fever. dengue fever, and bancroftian
filariasis to human beings (Belding, 1942;
Brenda et al., 2000). Malaria threatens
almost one-third of humanity, affects around
600 million people, and is responsible each
year for more than 1.2 million deaths (TDR,
2004). Unfortunately, about 90% of the
deaths occur in sub-Saharan Africa. In
Nigeria, malaria accounts for 30% of
childhood mortality (Olukosi et al., 2005)
and poor families in Nigeria spend up to 25%
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of their annual income on direct malaria
prevention and treatment (Onwujekwe et al.,
2000). From macro-economic study, the
treatment of malaria has been estimated to be
more than 1% of the country's Gross National
Product (Malaney et al., 2004). In areas where
they are endemic, other mosquito-borne
diseases also take an enormous toll on the
health and well-being of people. While
dengue fever kills about 3 million people
annually, bancroftian filariasis incapacitates
40 million people in a year (WHO, 2002).

Inappropriate management of water bodies
(large and small), sewage, as well as
exposure-promoting human activities and
habits favour mosquito breeding and
abundance around human abode, recreational
and working places. Increasing rates of
environmental degradation, climatic change,
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vector resistance to insecticides, and
pathogen resistance to drugs, as well as
progressive urbanization, and population
movement are rapidly changing the species
composition, relative abundance, and
distribution of both mosquito and mosquito-
borne diseases in Nigeria (Coluzzi et al.,
1979;Mafianaetal.,1998).

In Nigeria, the biology and ecology of
mosquitoes that are potential vectors of
human diseases is poorly understood
(Wagbatsoma, 1999). In Kwara State, a
dearth of information exists on the species
composition and relative abundance of
mosquitoes, the very baseline information
needed for development of ecologically-
sensitive and efficient mosquito control
strategy. This study attempts to fill this
information gap.

MATERIALS AND METHODS

Study Area.
Offa, the headquarters of Offa Local

Government Area (LGA) in Kwara State,
Nigeria, is located on latitude Ogo 10' N and
longitude 04° 45' E, at an altitude of347.2 m
above sea level. It is a fast growing urban
settlement with about 112,600 human
inhabitants (The World Gazetteer, 2004), on
a landmass of about 95 km2 (The Nigerian
Congress, 2004). The climate is tropical with
mean annual rainfall, relative humidity, and
temperature of 1250 mm, 65%, and 29.5°C,
respectively. There are two distinct seasons:
a rainy season between Apr. and Oct. (with
high rainfall in Jun. and Aug.), and a dry
season from Nov.- Mar. (completely devoid
of rains). Offa is characterized by a rainforest
and woody savanna vegetation, with various
potential mosquito larval habitats such as
temporary water bodies, marshes, pot-holes,
drainage canals, septic tanks, pools, and
wells.

Mosquito Collection and Identification.
Adult mosquitoes were collected outdoor

between 1900 and 2300 h at four different
sites, each representing the general ecotype of
the study area. Following the method of
Holstein (1954) and WHO (1975), two
informed and consenting collectors (human
baits) located at least 50 metres apart were
used. Each collector sampled from all the sites
in a month, to compensate for differences in
individual attraction or repulsion for
mosquitoes. The mosquitoes captured from
Jan. 2001 to Dec. 2002 were anaesthetized,
sorted and identified to species using aids
provided by Gillies et al. (1968), and Gillet
(1971).

Data Analysis.
Mosquito density was calculated as the

number captured per collector per night, and
the monthly, seasonal, and annual average
density of each species of mosquito were
computed. The relative abundance of each
mosquito species was calculated as a
proportion ofthe total catch. Data obtained per
season and year were pooled and statistically
analyzed using the Student t-test at ta = 0.05.
Data were also pooled on monthly basis and
subjected to analysis of variance. Duncan
Multiple Range Test was used to separate
significantly different means. Meteorological
data on rainfall, relative humidity, and
temperature were obtained from Adesoye
College, Offa, and correlated with mosquito
density.

RESULTS
An annual average of 13,063 adult

mosquitoes were caught. Of these, 5,321
(40.73%) belonged to the Subfamily
Anophelinae, while 7,742 (59.27%) belonged
to Culicinae (Table1). The five species of
mosquitoes encountered were Anopheles
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Table 1. Annual collections, relative abundance and coefficient of linear correlation of density of mosquito species
with rainfall, relative humidity, and temperature at Offa metropolis in 2001 and 2002.

Subfamily Number collectedSpecies

2001 2002 mean

Anophelinae An. funestus 2,251 2,349" 2,303 ± 65.05

An. fFmbiae 2,791' 3,245" 3,018 ±321.03

Subtotal 5,048" 5,594' 5,321 ±386.08

Culicinae Ae. cegypti 338 a 296' 317 ±29.70

Ae. cumminsii 5,405' 5,561' 5,483 ±1l0.31

ex. p.fatigans 2,018' 1,866' 1,942 ±107.48

Subtotal 7,761' 7,723" 7,742 ±247.49

Total 12,809" 13317" 13,063 ±633.57

Relative Coefficient of correlation (r) of density with

abundance (%) rainfall relative humidity temperature

17.63 0.7939 0.8057 -0.6920

23.10 0.5932 0.5985 -0.6883

40.73

2.43 0.0021 0.0376 -0.0712

41.97 0.5311 0.5879 -0.4885

14.87 0.7968 0.8138 -0.7455

59.27

100.00 0.6977 0.7416 -0.6616

gambiae (Gilies), An. funestus (Gilies),
Aedes cumminsii (Theobald), Ae. aegypti
(Linnaeus), and Culex pipiens fatigans
(Linnaeus). Ae. cumminsii was the most
abundant (41.97%) followed in decreasing
order by An. gambiae (23.10%),An.funestus.
(17.63%), ex. p. fatigans (14.87%), and Ae.
aegypti(2.43%) ..

Year and site differences in mosquito
abundance were not significant (ta >0.05);
monthly and seasonal variations were,
however, significant. Peak density was in
Aug. with a total of 100.90
mo sq ui to e s/man/nigh t which was
approximately 2- to 10-fold higher than, and
significantly different (P<0.05) from, total
catches for other months (Table 2). On the
average, rainy season (May-Oct.) collections
(mean of 51.58 mosquitoes/man/night) were
>3-fold higher than, and significantly (ta =
0.05) different from, the dry season (Nov.-
Mar.) collections. However, withAe. aegypti,
the numbers encountered during the rainy
and dry seasons were not significantly
different (ta>0.05).

The most commonly encountered species
throughout the period of study was Ae.

cumminsii. It attained peak density in Aug.
(50.82 mosquitoes/man/night) and declined
to its lowest density in Feb. (2.94
mosquitoes/man/night). An. gambiae was
recorded in all months of the year, excluding
Mar., with a peak in Aug. An. funestus, in the
same subfamily, occurred at relatively lower
densities which varied only slightly
throughout the year. The fourth most
abundant mosquito species, Cx. p. fatigans,
was not encountered from Jan.-Mar. (within
the dry season period) but its peak density
was also inAug.

The mean monthly rainfall, relative
humidity, and temperature were 858 mm,
65.8%, and 30.7°e, respectively (T::tble 3).
The mean monthly rainfall ranged from 0mm
in Dec. and Mar. to 2259.6 mm in Sep. The
mean monthly relative humidity ranged
between 31% in Jan. and 89% in Sep. The
lowest temperature was observed in Aug.
(27.2°C), and the highest in Apr. (35.6°C).
Significant (P< 0.05) and positive
correlations existed between aggregate
mosquito population densities and each of
rainfall (r = 0.6977) and relative humidity
(r= 0.7416). The correlation between



50 NIGERIAN JOURNAL OF ENTOMOLOGY VOL.2S, 2008

Table 2. Mean, monthly density (± SE) of mosquito species in Offa metropolis in 2001 and 2002.

Species Jan. Feb. Mar, Apr, May Jun. Jut. Aug. Sep, Oct, Nov. Dee, Mean
4.07± 4.56± 3.01± 5.00± 6.3!(± UG± 7.S7± 6J~2± 8.44± 1O.57± 6.50± 475± 6.33±

All. funcstus 0.38" 0.50' 0.38' 0.81' Z.32b 1.62· 2E3b 1.15" 0.G8' 2.38' 0.44' lOG' 120'
37.69" 40.93 28.G4 18.05 17.34 1564 14.45 6.76 2047 2192 28,25 27.83 1763

1.69± 2.57± O.OD± 3.69± 7.32± 13.26± 11.I9± 24.69± II.39± 15.38± 4.88± 4.13± 8.35±
An. gambiae 1.00" 0.32" 0.00' IJ7b 0.32' 2.13<1 L06d 4.63' 1.87J 0.564 2.10' 0.50' 1.32'

15.65 23.07 000 13.32 19.90 25.11 2135 24.47 26.21 3191 21.21 24.19 23.10

0.72± 107± 0.81± 0.94± 0.57± O.S7± 1.63± 1.19± 098± 0.51± 0,44± O.7S± 0.84±
Ae. aegypti 0.09' 0.19' 0.25' 0.52' 0.13' 0.13' 0.19' 0.38" 007' 0.13' 02S' 0.2S' 0.22'

6.67 9.61 7.71 3.39 1.55 1.08 3.11 lI8 231 1.06 1.91 4.39 2,43

4.32± 2.94± 669± 1625± 17.38± 2194± 2S.38± S082± 12.65± 12.06± 6.94± S.51± 15.24±
Ae. cumminsii 1.13' 0.56' O.56b 0.69' 1.3S' 2.IS' 7.22' 8.53' US' 2.56' O.81~ 1.13" 2.34'

40.01 26.39 6365 5866 47.25 41.53 4S.44 50.37 29.29 25.02 30.16 32.28 41.97

O.OD± O.OD± O.OD± I.S2± S.13± 9.06± 6.63± 17.3S± S.SD± 9.69± 4.25± . 188± 5.39±
Cr. p. fatigans 0.00' ODD' 000' 019" 032' 3.25d 0.57<1 3.94' 1.61' 1.69' 0.06' O.38~ 100'

0.00 0.00 000 6.57 13.95 17.15 12.65 17.22 2173 2010 IS,47 11.01 14.S7

IO.SD± 11.l4± 1O.51± 27.7D± 36.7S± 52.S3± 52.4D± 100.9D± 42.26± 48.21± 23.01± 17.02± 36.19±
Total 2.60' 1.57' lI9' 3.56b 4.47' 9.31d 11.67' 1892' 5.32' 7.32' 3.66" 332' 6.0S'

10000 10000 100.00 10000 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

* Mean number of mosquitoes per man per night; values along rows followed by the
same superscript alphabet are not significantly different at P = 0,05.

** Relative abundance of mosquito species,

mosquito density and temperature was also
significant but negative (r=-0.6619) [Table
1]. The coefficients of correlation between
densities of individual species excluding Ae.
aegypti and weather parameters were high.

DISCUSSION

The mosquito species encountered in Offa
are renowned vectors of four human diseases
namely, malaria, yellow fever, bancroftian
filariasis, and arboviruses. An. gambiae has
been reported as the principal vector of
malaria in the tropics (White, 1974), and in
the Guinea savanna of northern Nigeria
(Service, 1970). The Culex species
encountered in the study, Cx. p, fatigans, is a
known vector of bancroftian filariasis
(Gillet, 1971), while Ae. aegypti and Ae,
cumminsii are potential vectors of yellow
fever and spondweni virus, respectively
(Gillet, 1971).

The high relative density ofAe, cumminsii
(41.97%) accounted for the preponderance
of culicine subfamily, thus conforming with
the observations of Mafiana et al. (1998).
The relatively lower densities of Ae, aegypti

may be explained by their diurnal and indoor
habits (Gillet, 1971; Rodhain, 1996).
The high densities of the Anopheles species

in most months of the year portends high
malaria transmission potential in Offa. The
occurrence of An. funestus in the dry season
makes it a strategic malaria vector, ensuring
the sustenance of malaria transmission in the
dry season when the density of An. gambiae is
low. An. funestus breeds in large permanent
water bodies (Gillies et al., 1968) giving it
competitive advantage over An. gambiae that
is known to have preference for temporary

Table 3. Mean monthly rainfall, relative humidity,
and temperature in Offa metropolis in 2001 and 2002.

Month Rainfall Relative Temperature
(mm) humidity (%) CC)

Jan. 0,00 31.00 33.40
Feb. 0.90 38,00 34,60
Mar. 23.40 49.00 35,00
Apr. 619,30 57.00 30,60
May 128l.00 75.00 30,00
Jun. 1495.10 86.00 29,80
JuL 965.50 77.00 28.30
Aug. 1534,20 83,00 27,20
Sep. 2259,60 89,00 28,50
Oct. 1370.80 78.00 28.40
Nov. 814.50 12.00 30.10
Dec. 0,00 54,00 28,00
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puddles that dry up during the dry season
(Minakawa et al., 2002).

Significant correlations existed between
seasonal mosquito abundance and each of
rainfall, relative humidity, and temperature.
Similar to the findings of Igbinosa (1978)
and Minakawa et al. (2002), the population
densities of Ae. cumminsii, An. gambiae, An.
fune stus and ex. p. fatigans, were highly and
positively correlated with rainfall.

In conclusion, five mosquito species are
present in Offa, with the dominant species
being Ae. cumminsii and An. gambiae. Both
species occurred all year round or nearly so,
attained peak densities in Aug. but differed
with respect to abundance. Except for Ae.
aegypti, the mosquito species were
significantly influenced by rainfall. Vector
control measures, therefore, have to be
sustained throughout the year, with special
emphasis in the rainy season.
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