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Abstract
The study was conducted in gutter, swamps, and large water bodies and Culex (Diptera: Culicidae) larvae
were sampled weekly from May to November 2019. Three Culex vectors identi�ed in the areas namely,
Culex quinquefasciatus, Cx. nigripalpus and Cx. salinarius. Habitats-wised showed large water habitats
had the abundance of Culex followed by gutters and swamps. Based on the monthly abundance rate, the
peak abundance of the immature stages was June and July and declined in November in both habitats.
While the age survival rate differed signi�cantly from one another across the months in all the habitat
types. On the age distribution within the habitat types, L4 was the highest, in gutters, while in swamps,
and large water habitats, L1 larvae were the most abundant, respectively. While between the habitats,
gutters had a signi�cantly higher abundance of L1, L2, L3, and L4, while swamp and larger water habitats
were insigni�cant (p > 0.05) from one another for L1 and L4 except for the L3 immature stage that was
differentiated with larger water being the most abundant. The �ndings imply that anthropogenic changes
to the ecosystem are causing a severe hazard of Culex-Borne Diseases to public health in Niger State.

Introduction
Culex mosquitoes are among the Diptera in Culicidae family that often need blood meals from animals
including humans, essentially transmit pathogens and ensure they emerge and re-emerge1. Mosquito-
borne diseases account for more than 17% of all contagious diseases worldwide and cause the death of
over 700,000 people each year2,3, and infectious disease outbreaks aided by Culex species are becoming
more common. Culex mosquitoes are a major public health issue, ranking with the Anopheles and Aedes
(Diptera: Culicidae) genera in the spread of epidemiologically important diseases in Africa and Nigeria,
respectively. The economic impact of these diseases is considerable in Nigeria, as the country spends
billions of dollars on �ghting these diseases, money that could have been spent on other productive
sectors of the economy4. Filarial fever (FF), West Nile fever (WNF), St. Louis encephalitis fever (SLEF),
and other mosquito diseases are spread by Culex species like Culex quinquefasciatus (say, 1823) Cx
nigripalpul,(Theobald, 1901) and Cx salinarius (Coquillet,1904)5,6,7. Filarial fever (FF), caused by the
parasite Wuchereria bancrofti (Cobbold, 1877) (Pirurida; Onchocercidae) is the most common disease in
Nigeria, with 106 million people at risk. Cx nigripalpul and Cx salinarius whose introduction of WNF and
SLEF to African and Nigeria, due to the global increase in human population have mild diseases impact.
According to the united nation, the current population projection is > 7 billion people, with a likely high of
roughly 9.6 billion people in 20508.

The spread and effect of disease transmitted by mosquitoes, especially Culex species, will very certainly
be aided by such population growth. Large increases in human population will be coupled with increased
population density, which will enhance disease transmission either directly or through vectors. There will
also be more worldwide movement of individuals due to migration, tourism, or business travel, increasing
the possibility of infective sources spreading more frequently. Similarly, the global movement of freight
and commerce items from other nations to Africa will rise, supporting the spread of these Culex vectors.
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In addition, as the human population grows, so will the number of breeding places and habitats available
to Culex vectors. The movement of water bodies along with eggs and larvae across the world can
facilitate the increase in the distribution and abundance of these mosquitoes leading to the increase in
the high percentage of the mosquito-borne by Culex species in African8,9. The larvae of these species
have been in both semi-permanent and temporary habitats include ponds, freshwater swamps, gutters,
discarded empty containers, etc. Although the two species do not appear to be a large nuisance to
humans, however, regarded as the most important vector for SLEF and has been responsible for multiple
epidemics in some parts of the world10, despite, less abundance with mild effects in Niger State, however
highly propagated in some part of Nigeria, thus their distribution and the quality of their breeding habitats
need to be frequently checked11.

Like other mosquitoes, Culex occurs widely in various habitats5 and grows in four stages: egg, larval,
pupae, and adult stage, and the �rst three stages occur in water12. Even though their larval occurrence
and abundance vary by species, habitat, location, and season, they are all linked to the availability of
adequate larval breeding sites. As a result, the water quality of mosquito breeding habitats is a key
predictor of female mosquito oviposition and larval development success11,13. Habitats include gutters,
swamps, pools, and several others that are known to be supportive to various mosquitoes Culex
inclusive6. Thus, managing water bodies that are potential larval habitats is crucial to curb any mosquito-
borne disease outbreaks in urban and rural areas14.

Culex mosquito distribution in breeding areas can be used to assess mosquito-borne disease risk and
estimate future dangers from developing diseases transmitted by these Culex species15. The proliferation
potential, survivorship, adaptability, and vectorial capacity of mosquitoes in a given location are all
positively related to the distribution and number of these vector species16. A thorough understanding of
mosquito breeding ecology, including types of and preferences for larval habitats, distribution of breeding
grounds, and physical, biological, and chemical properties of the habitats, is necessary for successful
larval management10,11,17.

Some of these characteristics have been carefully examined and understood in Nigeria, therefore
increasing understanding of the threat posed by these vectors is critical. As a result, this study evaluated
and raised awareness about the impact of relative abundance and development of immature stages of
Culex species monthly in breeding habitat types in Niger State, to document changes in transmission
patterns and propose appropriate control interventions using a tool that was already available.

Materials And Methods

The study area's description
Niger is one of the states is in the Middle Belt region of Nigeria (60 33E and Latitude 90 37N), covering
88km2 (Figure. 1) and representing 9.30% of the total land area. It consists of 85% arable land with a
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population of about 4.8 million inhabitants. This area has a tropical climate with mean annual rainfall,
temperature, and relative humidity of 1334 mm, 30.2 0C, and 61%, respectively. Niger State is bordered by
several states, Kaduna (northeast), Federal Capital Territory Abuja (FCTA) (southeast), Zamfara (north),
Kebbi (west), Kogi (south), Kwara (southwest), and the Republic of Benin, along Agwara LGA borders
(northwest). Furthermore, the state experiences two distinct climates: the rainy season (May – October)
and the dry season (November – April). In addition, the vegetation in the area is typically grass-dominated
savannah with scattered trees18,19.

Characterization and selection of breeding habitats
This study was conducted in three breeding habitats, which are classi�ed as temporary or semi-
permanent breeding habitats based on their nature and availability. Temporary larval habitats, for
example, are a site that holds water during the rainy season and then dries up two to three weeks later,
but semi-permanent larval habitats may or may not dry up one month after the rainy season has ended.
Temporary larval habitats include gutters and swamps, and semi-permanent breeding habitats include
large water bodies. In 12 sites in Niger State's local government areas (LGAs) that include Boss, Katcha,
Lapai, and Shiroro, the dipping technique was used to determine sampling spots for the presence of
mosquito larvae (Table 1). The site selection was conducted in April 2019, just before the rainy season
began, and the breeding areas were �ooded with precipitation.

Table 1

 Distribution of the sampling points in different breeding habitats 

Replicates

Habitats/Sites Site 1 Site 2 Site 3 Site 4 No. of sites

Gutters BGT KGT LGT SGT 4

Swamps BSW KSW LSW SSW 4

Larger water bodies BLW KLW LLW SLW 4

Total         12

B = Bosso, K = Katcha, L = Lapai, S = Shiroro, GT = Gutters, SW = Swamps, LW = Large water bodies

Sampling mosquitoes for abundance and survival rate 
Mosquito sampling was conducted from May to November 2019 at selected sites to identify and evaluate
the breeding habitats in the four LGAs. For the sampling of immature mosquitoes, monthly abundance,
and age survival rates (MAR and ASR), occurred weekly in breeding habitats, and instars (L1-L4) were
sampled between 0700hrs and 0900hrs. These times correspond to the needed temperature (range 16-
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32°C) for most larvae and adult mosquito species, including Anopheles, Culex, and Aedes, to reproduce in
the tropics, according to reports20.  The dipping process was carried out at random in the breeding
habitat's surface areas where the concentration of larvae were detected, using a standard pint 350ml
dipper at a rate of 20 per sampling location, as speci�ed by21. On each week of the collection, the
immature mosquitoes in each breeding habitat were estimated.

Larval rearing for adult identi�cation 
Mosquito instars were collected and reared to adult stage in troughs under laboratory conditions (28°C
and 73%), fed with 0.32ml yeast solution, and monitored until the adult stage, when they were
morphologically identi�ed and separated into Culicine mosquitoes using a voucher key, as described22,23.
 

Mosquito preservation and identi�cation 
The larvae were placed to a 10% formalin preservative and then classed macroscopically depending on
the position of the larvae's breathing tube in the water. If the respiratory tube was small and oriented at a
certain angle to the water surface, they were most likely Culex, mosquito larvae that drifted horizontally to
the water's surface were most likely Anopheles, and mosquito larvae that drifted vertically to the water's
surface were most likely Aedes surface24. In the laboratory, the instars (L1-L4) were divided into morph
groups and classi�ed to genus level based on observable traits such as colour (e.g., presence or absence
of siphon, the position of hair tufts, length of the siphon, arrangement of comb scales and several others)
Also, using a dissection microscope and morphological criteria, life phases were separated by the length
of the larva.

 In this study, only Culex mosquitos of the genus Culicine were employed, and their morphs-groups were
given names based on the genus abbreviation (e Culicine -Cx., and Aedes- Ae.)25. Adult Culex mosquitoes
were separated into morph groups in the lab and identi�ed at the species level using a dissecting
microscope (40 x) and morphological criteria based on physical traits (e.g., femora, tibia, air tube, and
wings)26.

Statistical analysis
The statistical analysis was carried out using SPSS software analyses (version 23 for Windows, SPSS
Inc., Chicago, IL). The monthly relative abundance and age survival rates were determined using one and
two-way analysis of variance (ANOVA), which were then converted to plotted graphs for distribution
within and between breeding habitats. (p0.05) was used to determine the signi�cance of the discrepancy,
and Duncan Multiple Range was used to separate the means (DMR).
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Result
Three primary mosquito species from the Culex genus namely, Culex. quinquefasciatus, Cx. nigripalpus,
and Cx. salinarius were encountered in different habitats (gutters, swamps, and large water bodies) within
four local government areas (LGAs) (Table 2). The three Culex species, abundance were insigni�cant (p > 
0.05), in gutters and swamps, but their population signi�cantly differed (p < 0.05) from large water
bodies. The large water habitats being the highest followed the order of abundance: Cx. quinquefasciatus
(1122.75 ± 178.56) > Cx. nigripalpus (524.50 ± 68.09) > Cx. salinarius (413.00 ± 47.68). The total mean
abundance of the three different species in the breeding habitat types established Cx quinquefasciatus,
as the most populated (887.25 ± 121.7) followed by Cx. nigripapus (434.50 ± 46.34) and the least was Cx.
salinarius(351.92 ± 32.48%). Based on the results obtained, large water bodies were signi�cantly higher
as breeding habitats for mosquitoes (686.75 ± 98.11%), followed by gutters (516.67 ± 60.20) and swamps
(471.25 ± 42.08). 

 
Table 2

Mosquito species relative abundance of different breeding habitats
Breeding Habitats

Mosquito species Gutters Swamps Large waters Total mean

Culex
quinquefasciatus

813.25 ± 
109.52a

725.75 ± 
76.64a

1122.75 ± 
178.56b

887.25 ± 121.7

Cx. nigripalpus 406.25 ± 41.84a 372.75 ± 
29.09a

524.50 ± 68.09b 434.50 ± 46.34

Cx. salinarius 330.50 ± 29.25a 312.25 ± 
20.52a

413.00 ± 47.68b 351.92 ± 32.48

Aggregate 516.67 ± 60.20 471.25 ± 42.08 686.75 ± 98.11 557.69 ± 66.83

Values are Mean ± SE, values followed the same superscript along the row are not signi�cantly
different (p > 0.05

The month-wise abundance and development of immature stages of Culex mosquitoes in gutters are
presented in (Table 3). Generally, the total mean of the monthly abundance rate (MAR) was very high in
the 3rd sampling (July) (170.68 ± 22) and varied signi�cantly (p < 0.05) from the remaining sampling
months with the 7th sampling (November) as the least (13.18 ± 0.19). For the speci�c immature stages
across the months in the same habitats, L1 and L4 had the highest abundance in the 3rd sampling (July)
with values of 174.75 ± 35.34 and 210.00 ± 71.82, respectively. The highest abundance for L2 and L3
were obtained in the 4th sampling (August) with values of 174.25 ± 46.40 and 164.50 ± 51.93. These
higher abundances of the immature stages varied signi�cantly (p < 0.05) from the abundance of their
respective stages across the sampling months except for L3 that was insigni�cant (p > 0.05) from the
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abundance of 3rd sampling (July) (162.50 ± 44.36). The least speci�c abundance between the months
was obtained in the 7th sampling (November) for all immatures (i.e., L1, L2, L3, and L4).

In terms of age survival rate (ASR) of the same genus, L1 was favored by 1st sampling (May) (64.50 ± 
23.69) and 5th sampling (September) (123.75 ± 37.31). These values signi�cantly differed (P < 0.05) from
the abundance of immatures (L2, L3, and L4) for the sampling months. While L2 was favored by 4th
sampling (August) (174.75 ± 46.40 L/S/S), L3 was unfavoured by any month. The favourable sampling
months for L4 larvae were 2nd (June), 3rd (July), 6th (October), and 7th (November) samplings, with peak
survival rate in 3rd sampling (July) (210.00 ± 31.82). In general, the total mean of age survival rate was
obtained for L4 larvae (109.78 ± 30.50) and the lowest was recorded for L2 (76.78 ± 20.98).  

Table 3
Culex genus larval abundance and age structure of gutter breeding habitats

Larval stages  

Sampling
(Months)

L1 L2 L3 L4 MAR

1st (May) 64.50 ± 
23.69c

c

31.50 ± 
9.31b

a

31.25 ± 
6.98b

a

41.75 ± 
10.52b

b

42.25 ± 
7.25b

2nd (June) 92.75 ± 
31.8c

b

70.00 ± 
16.59d

a

117.25 ± 
29.00d

c

141.75 ± 
61.30d

c

105.43 ± 
18.50d

3rd (July) 174.75 ± 
35.34e

b

135.50 ± 
25.47e

a

162.50 ± 
44.36e

b

210.00 ± 
71.82e

c

170.68 ± 
22.34f

4th (August) 126.00 ± 
37.01d

b

174.25 ± 
46.40f

c

164.50 ± 
51.93e

c

112.00 ± 
16.75c

a

144.18 ± 
19.22e

5th
(September)

123.75 ± 
37.31d

c

70.25 ± 
19.89d

a

106.75 ± 
23.99d

b

106.00 ± 
17.29c

b

101.68 ± 
12.58d

6th (October) 47.00 ± 
12.19b

a

51.00 ± 
26.85c

a

70.25 ± 
18.00c

b

131.25 ± 
37.99d

c

74.87 ± 
14.41c

7th (November) 11.50 ± 
4.97a

b

5.00 ± 2.38a
a

10.50 ± 
3.66a

b

25.75 ± 
15.15a

c

13.18 ± 0.19a

ASR 91.46 ± 
26.04b

76.78 ± 
20.98a

94.71 ± 
25.42b

109.78 ± 
30.50c

93.18 ± 
14.36

Values are Mean ± SE, values followed by the same superscript along the column are not signi�cantly
different, values followed by the same subscript along the row are not signi�cantly different p > 0.05.
L1 = Larval stage 1, L2 = Larval stage 2, L3 = Larval stage 3, L4 = Larval stage 4. MAR = Monthly
abundance rate, ASR = Age survival rate.
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In swamp habitats (Table 4), speci�c immature stages of L1, L2, L3, and L4 across the months revealed
their peak abundance in 3rd sampling (July), with the values being signi�cantly higher (60.50 ± 14.71,
44.00 ± 17.59, 45.25 ± 22.43, and 44.25 ± 22.99, respectively). However, only in the 3rd sampling (July),
these larvae (L1, L2, and L4) were substantially different (P < 0.05) from stages of the remaining months.
As it occurred in gutters, in swamps, the least abundance was in the 7th sampling (November) for all
immatures. The total mean of the monthly abundance rate (MAR) was signi�cantly high (p < 0.05) in the
3rd sampling (July) (48.50 ± 9.00) while compared to the remaining sampling months with 7th sampling
(November) as the least (12.18 ± 3.41).

Age survival rate (ASR) of Culex mosquitoes in swamps, revealed signi�cant variation among the
immature stages with different stages being favoured by different months. The 1st (May), 3rd (July), and
4th (August) samplings were particularly favourable for the abundance of L1 with high values of (29.75 ± 
12.68, 60.50 ± 14.71, and 50.25 ± 11.15), in that order and substantially different (P < 0.05) from the other
months' larval stages (L2, L3, and L4). L3 was favoured by 2nd (June), 5th (September), and 7th
(November) samplings with a range survival rate value of 42.00 ± 8.05 to 13.10 ± 6.64. However, L2 was
not favoured by any of the months while L4 was favoured by the 7th sampling (November). In swamps,
the mean age survival rate was obtained for L1 (29.88 ± 11.14) and the lowest was recorded for L4 with
the value (23.68 ± 8.32).  
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Table 4
Culex genus larval abundance and age structure of swamp breeding habitats

Larval stages

Sampling
(Months)

L1 L2 L3 L4 MAR

1st (May) 29.75 ± 
12.68c

b

15.00 ± 0.00a
a

15.00 ± 
0.00a

a

15.00 ± 
0.00a

a

18.68 ± 
3.28b

2nd (June) 29.00 ± 
11.95c

a

38.25 ± 9.04b
b

42.00 ± 
8.05d

b

31.75 ± 
5.96b

a

35.25 ± 
4.24d

3rd (July) 60.50 ± 
14.71c

b

44.00 ± 
17.59c

a

45.25 ± 
22.43d

a

44.25 ± 
22.99c

a

48.50 ± 
9.00e

4th (August) 50.25 ± 
11.15d

b

35.75 ± 
10.28b

ab

36.25 ± 
7.27c

ab

29.00 ± 
12.00b

a

37.81 ± 
5.03d

5th (September) 31.00 ± 
13.52c

c

23.75 ± 
11.64a

b

32.00 ± 
7.62c

c

18.75 ± 
4.71a

a

26.37 ± 
4.68c

6th (October) 21.00 ± 
9.22b

c

17.25 ± 
7.06ab

b

21.25 ± 
7.79b

c

12.75 ± 
2.59a

a

18.06 ± 
3.30b

7th (November) 8.50 ± 4.73a
b 13.00 ± 7.76a

a
13.80 ± 
6.64a

a

14.25 ± 
10.00a

a

12.18 ± 
3.41a

ASR 29.88 ± 
11.14c

26.71 ± 9.05b 29.25 ± 8.54c 23.68 ± 8.32a 28.12 ± 
4.28

Values are Mean ± SE, values followed by the same superscript along the column are not signi�cantly
different, values followed by the same subscript along the row are not signi�cantly different p > 0.05.
L1 = Larval stage 1, L2 = Larval stage 2, L3 = Larval stage 3, L4 = Larval stage 4. MAR = Monthly
abundance rate, ASR = Age survival rate.

While, in the large water bodies, abundance and development of the instars (Table 5), revealed the highest
L1 abundance in 3rd sampling (July) (78.25 ± 26.12). This highest value of L1 abundance was
insigni�cant (P > 0.05) from the abundance of 4th sampling (August), but signi�cantly differed (P < 0.05)
from the remaining months. L2 larvae were high in the 4th sampling (August) (36.50 ± 9.13), while the
highest L3 and L4 were favoured by 2nd sampling (June) with the abundance values of 74.00 ± 33.67
and 33.50 ± 9.34 respectively. These values of L3 and L4 were signi�cant differences (P < 0.05) from the
abundance for all other months. The lowest larval stage abundance for LI, L2 andL3 were in 7th sampling
(November) with the values (14.50 ± 3.66, 15.75 ± 7.21, and 16.00 ± 5.49 respectively), while the lowest L4
stage abundance was recorded in 1st sampling (May) (9.50 ± 2.72).

The total mean abundance (MAR) was very high in (2nd ) sampling (June) (45.00 ± 9.40), while the
lowest was recorded in the 7th sampling (November) (16.81 ± 2.92).



Page 10/19

In terms of aging, the survival rate (ASR), L1 larvae were favoured by 1st (May), 3rd (July), 4th (August),
and 5th (September) (34.50 ± 10.78, 78.25 ± 26.12, 52.00 ± 13.00, and 36.00 ± 11.21 respectively). These
values of L1 were signi�cantly different (P < 0.05) from the abundance of other age structures (L2, L3,
and L4) for the remaining months. L2 was not favoured by any of the months while the highest L3 stage
was favoured by 2nd sampling (June) (74.00 ± 33.67) and 6th sampling (October) (47.75 ± 24.75). These
L3 values were signi�cant differences (P < 0.05) from the values recorded in the remaining stages (L1, L2,
and L4) of the same months, and L4 was favoured by the 7th sampling (November) (21.00 ± 8.18). The
highest mean abundance of all the larval stages was recorded for L1 (39.46 ± 11.69L/S) and the lowest
was recorded for L4 with the value (21.68 ± 8.82).  

Table 5
Culex genus larval abundance and age structure of large water breeding habitats

Larval stages

Sampling
(Months)

L1 L2 L3 L4 MAR

1st (May) 34.50 ± 
10.78b

c

18.25 ± 
6.54a

b

19.75 ± 
5.57b

b

9.50 ± 2.72a
a

20.50 ± 
3.90b

2nd (June) 36.25 ± 
9.25b

a

34.25 ± 
9.25c

a

74.00 ± 
33.67d

b

35.50 ± 9.34c
a

45.00 ± 
9.40e

3rd (July) 78.25 ± 
26.12c

c

32.00 ± 
6.09c

b

29.50 ± 
8.79b

b

23.00 ± 
9.85b

a

40.68 ± 
8.76e

4th (August) 52.00 ± 
13.00c

c

36.50 ± 
9.13c

b

34.50 ± 
6.30b

b

19.75 ± 
9.74b

a

35.68 ± 
5.29d

5th (September) 36.00 ± 
11.21b

b

26.75 ± 
9.56b

a

23.00 ± 
4.18b

a

25.00 ± 
12.56b

b

27.68 ± 
4.61c

6th (October) 24.75 ± 
7.78b

a

23.75 ± 
5.63b

a

47.75 ± 
24.75c

b

18.00 ± 
9.32b

b

28.56 ± 
6.94c

7th (November) 14.50 ± 
3.66a

a

15.75 ± 
7.21a

a

16.00 ± 
5.49b

a

21.00 ± 
8.18b

a

16.81 ± 
2.92a

ASR 39.46 ± 
11.69c

26.75 ± 
7.36a

34.93 ± 
12.68b

21.68 ± 8.82a 30.70 ± 5.97

Values are Mean ± SE, values followed by the same superscript along the column are not signi�cantly
different, values followed by the same subscript along the row are not signi�cantly different p > 0.05. L1 
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= Larval stage 1, L2 = Larval stage 2, L3 = Larval stage 3, L4 = Larval stage 4. MAR = Monthly abundance
rate, ASR = Age survival rate.

The immature abundance of Culex within and between the breeding habitats revealed signi�cant
variations in the mosquitoes (Fig. 2). In gutters, a signi�cantly higher abundance was for L4 (109.78 ± 
30.50), and the lowest was L2 (76.78 ± 20.98).

These values were signi�cantly differed (p < 0.05) from one another and the abundance of L1 and L3,
however, these two stages were insigni�cant from one another. In swamps, L1 larvae were the most
abundant (29.88 ± 11.14), however, insigni�cant (p > 0.05) from L3 but signi�cant from the remaining
immature stages. L4 stage was the least abundant (23.68 ± 8.32) and differentiated from L2 with later
being the abundance mosquitoes (26.71 ± 9.05). In the same manner, L1 had the highest abundance in
the large waters (39.46 ± 11.69) followed by L3, L2, and L4 immature mosquitoes. For the abundance of
immature mosquitoes between the habitats, gutters had a signi�cantly higher abundance of L1, L2, L3,
and L4 with immature records (91.46 ± 26.04, 76.78 ± 20.98, 94.71 ± 25.42, and 109.78 ± 30.50
respectively), while swamp and larger water habitats were insigni�cant (p > 0.05) from one another for L1
and L4 except for L3 immature stage that was differentiated with larger water being the most abundant.

Discussion
Immature stages indicate a step in the metamorphosis of mosquitoes to terrestrial adult form, and their
assessment for relative abundance and development are the best proxy quantifying the adult production
from the breeding habitats12,27,28. This research aimed to assess the Culex vectors abundance and their
development in different breeding habitats of four local government areas of Niger State, Nigeria. These
�ndings will aid future planning and development of mosquito control measures against Culex-Borne
Diseases (CBD), particularly �larial fever (FF), in speci�c LGAs where the disease occurs. Based on the
current �ndings, three species of Culex mosquitoes were encountered namely Culex quinquefasciatus, Cx
nigripalpus, and Cx salinarius with their abundance based on habitat preference and adaptability in the
three breeding habitats investigated (Table 2). Thus, regardless of whether the breeding sites were clean,
dirty, or contaminated, these �ndings indicated mosquitoes' varied habitat usage.

The presence and composition of these Culex mosquitoes in both habitats suggest their distribution and
abundance in the study areas. Therefore, they can cause the transmission of different Culex diseases
such as Filarial Fever (FF), Saint Louis Encephalitis (SLE), West Nile Fever (WNF) and several others
leading to Culex-Borne Disease (CBD) outbreaks5, in the areas were their prevalence is high. Although in
Niger State, there are mild cases of SLE and WNF, however, cases presented by FF are at a peak due to the
high abundance of Cx quinquefasciatus. The current �ndings corroborated previous research on
mosquito larvae distribution and abundance of the different genus in which Culex mosquitoes are
included in different parts of Nigeria,29,30. Similar mosquito species such as Culex. pipiens (Linnaeous,
1758), Cx restuans (Theobald, 1901)16, was previously reported in Minna, Niger State in addition to Cx.
quinquefasciatus, Cx nigripalpus, and Cx salinarius in this current study. These �ndings further clari�ed
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the nature of mosquito breeding habitats, demonstrating that swamps and large water bodies can be
equally conducive as gutters for and Culex propagation.

The signi�cantly high density of the three Culex species in large water bodies and gutters could be
attributed to the high quantity of organic matter present from different sources due to the alteration of the
aquatic habitat ecosystem. Consequently, these habitats promote mosquito propagation31. The density
of mosquitoes that are adult is decided by the production of larval breeding habitats, and the size of an
adult is in�uenced by the conditions in which it develops as a larva, longevity, fecundity, and blood meal
volume are all affected by body size, and all these parameters may in�uence the vector's �tness for
mosquito pathogen spread27,28.

Similarly, each habitat has been identi�ed as having unique ecological features that are critical to the
success of anti-larval biological control measures aimed at reducing juvenile mosquito populations32,33.
Since resources are limited and cannot cover all mosquito breeding sites in the state, larval control (i.e.,
application of insecticides, environmental manipulation, and management) should be focused on large
water bodies and gutters.

In addition, Cx. quinquefasciatus were predominant compared to other Culex species in the breeding
habitats and the LGAs. The distribution and abundance of these mosquitoes result from superior
ecological adaptability to the eco-climatic conditions in these areas, promoting the rapid breeding and
development of these mosquito populations34. The highest distribution of mosquitoes in given breeding
habitat and quality of cues (Physico-chemical) could be accountable for the equally high endemicity of
mosquito diseases in the area35. In support of these �ndings, it has previously been suggested that
mosquitoes' survival in each ecosystem is dependent on adaptations and speci�c Physico-chemical
features that have a signi�cant impact on the larval density of individual mosquito species. The
existence of organic nutrients and other cues in the breeding habitat of the immature stage appears to
in�uence mosquito abundance and development. The abundance of organic nutrients due to
anthropogenic wastes such as home (refuse and sewage) and agricultural (fertilizer) waste could explain
the gutter habitats' high larval abundance and immature survival when compared to other habitats36, 37.
Similar assertions by researchers opined that ecological changes caused by human activities such as
mining, marketing, farming, �shing, and household activities such as washing clothes and cooking
dishes, along with a lack of basic sanitation and knowledge, allow vectors to spread and settle in
inhabited regions38, 39, 40, 41, 42, 43,44.

Also, when the population grows, the environment changes quickly, which might result in the
unintentional creation of constructed environments that favour mosquito reproduction45. Furthermore,
agricultural activities such as rice growing have made a signi�cant contribution to the creation of man-
made mosquito breeding habitats. As a result, human actions and behaviours have continued to increase
and renew the diversity of mosquito species' presence and growth46.
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The prevalence of several mosquito immature stages of Culex mosquitoes in this study indicates that
Culex-Borne Diseases (CBD) such as �lariasis, and encephalitis may be a severe health risk. Therefore, for
example, endemicity is attributable to Culex mosquitoes found in breeding habitats in the study area.
This �nding, therefore, suggests that with the known information on the ecology, breeding, and general
biology of this mosquito species, it would be highly rewarding to target FF vector control strategy against
Cx quinquefasciatus for optimum results in Culex -Borne Vector (CBV) control in these study areas.
Consequently, the high distribution of these mosquito species could be responsible for the rise in the
endemicity of mosquito diseases in these LGAs, especially �larial fever (FF) and the entire state.
Previously, studies on the prevalence of mosquito-borne diseases emphasized that �larial fever (FF) has
spread in Niger State 35,47. In addition, this study revealed monthly relative abundance peaked in July
(Gutters and Swamps) and June (Large water bodies) and declined in November in both habitats,
re�ecting the seasonal �uctuations on the population dynamics of different mosquitoes in habitats
(Tables 3, 4 and 5). This variation also affected the pathogen transmission pattern by these vectors in the
state. Also, the study revealed that the mosquitoes are most abundant in June, July, and August in both
habitats. This could be due to the environmental conditions which may in�uence the distribution and
abundance of these Culex mosquitoes. Thus, the environmental conditions in the favourable months
promoted the rapid growth and reproduction of mosquitoes. Other months, such as May, signal the start
of the rainy season, whereas November is typically a dry month, preventing mosquito eggs from hatching
and surviving in breeding habitat soil48.

The study found that all the chosen breeding sites were suitable for the development of immature Culex
with active abundance and survival at varying rates. The immature abundance of Culex within the
breeding habitats revealed signi�cant variations in the mosquitoes (Fig. 2) with gutters, signi�cantly
higher abundance was for L4, while in swamps, and large water breeding habitats L1 were the most
abundant and for the abundance of immature mosquitoes between the habitats, gutters had a
signi�cantly higher abundance of all the immature stages follow by swamp and larger water habitats.
The emergence of distinct immature stages in the breeding habitats and might be explained by the fact
that the breeding habitats are quality in terms of nutrient contents and the immature stages are less
accessible to predators. The �ndings are in line with those of 49, who discovered that the presence of
mosquito larvae, as well as a lower number of mosquito larvae and higher predator abundance, pushed
macroinvertebrate predator invasion of habitats.

Conclusion
Culicines, mainly Culex, dominate the vector mosquito species in Niger State, especially in the examined
LGAs. As a result, ongoing anti-anopheline control initiatives in the city should be expanded to include
Culicines breeding areas, as these mosquitoes transmit diseases with loads comparable to malaria.
Large water breeding habitats had the highest abundance of the three Culex species followed by gutters
and swamps. The conditions in larval habitats as well ss and season (rainy season) have a substantial
impact on their mosquito density. Furthermore, anthropogenic activities are the primary drivers of
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mosquito growth in these ecosystems, and as a result, these activities should be closely monitored. The
mosquito population diversity indices in Niger State show that the established species are well suited to
the area's ecological characteristics and that effective control will require persistent vigorous larvicidal
operations. The �ndings of this study will aid in a better knowledge of the epidemiology of mosquito-
borne diseases in Minnesota, which is necessary for long-term disease control.
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The map of Niger State, showing study location in the local government areas

Figure 2

mean age structure of mosquito genera abundance of different breeding habitats 


