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ABSTR ACT: The need to have an improved knowledge on the bioecology of Culex quinquefasciatus, a prerequisite in the development of cost-
effective control strategies, has informed the present preliminary investigation to put in better perspective variations that exist in the egg rafts of the 
species. Freshly laid egg rafts were collected and incubated at ambient temperature in well-labeled plastic trays. The results showed overall inconsis-
tency in all indices monitored for the egg rafts. Generally, survivorship was high for the species. All immature stage and adult parameters measured 
varied significantly among the egg rafts and between/within sexes of the species. Therefore, this study suggests the presence of inherent variation in 
the bionomics of egg rafts of C. quinquefasciatus, probably influenced by the environment and hence underscores the need for additional studies to 
further elucidate the roles of genetics and environment in vectorial competence of the species, in order to develop robust sustainable mosquito vector 
control protocols.
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Introduction
Culex mosquitoes constitute a major threat to pub-
lic health, being ranked with the genera of Anopheles and 
Aedes in the transmission of epidemiologically important 
diseases.1–3 Culex mosquitoes, especially the species of Culex 
quinquefasciatus, have been incriminated in the transmis-
sion of diseases such as filariasis and elephantiasis in Africa 
in general and Nigeria in particular.4–7 It is estimated that 
more than 1.3 billion people in 83 countries are at risk of 
infection.8 Furthermore, the economic burden of these dis-
eases is enormous, as countries such as Nigeria spend bil-
lions of public funds, which could have been channeled 
into other productive sectors of the economy, on fighting 
these diseases.9 However, the epidemiology of the diseases 
in Nigeria is complicated,6 owing to various factors that are 
predominantly related to the vector species involved, and 
these factors include ubiquitous distribution of the disease 
vector (which increases vector–human contacts),10 catholic 
habitation (an inherent ability to survive in an assortment 
of habitats),11 varying degree of anthropogenic activities 
(which provides varieties of suitable oviposition sites for 
adults and fitting habitats for the larval development),12,13 
clemency of the Afrotropical climate (which favors the 
rapid development of vectors and parasites),14,15 and genetic 
variability.10,16,17

Among these factors, genetic variability (within and 
without offsprings/progeny) tends to be most important, as 
the genetic makeup of an individual species serves as a blue 
print for vectorial competence, although this may be highly 
modified by the environment. Genetic unevenness has been 
reported for different species of mosquitoes,16 even for sib-
ling species,18 and from one locality to another.19 Prelimi-
nary studies have shown that Minna is rich in mosquitoes 
species diversity11,20,21 that have shown variations in survi-
vorship and duration of development,19,22–24 teneral reserve 
component,17 and vectorial fitness attributes17,19 of the spe-
cies in Minna. In a bid to harmonize these variations, which 
will advance present knowledge about the species and fill 
existing gaps in our knowledge of variability within the 
species, baseline information needs to be generated and 
this has informed this study. In addition, gaps still exist in 
our knowledge of variability of egg rafts among individuals 
of a species/family for the vector species in Minna, North 
Central Minna.

Therefore, this study aims to bridge this gap of knowledge. 
It intends to elucidate inherent variations in the productivity 
of egg rafts (ie, proxy for reproductive viability), survivorship 
and duration of development of immature stages, and repro-
ductive and vectorial fitness attributes that exist in the imag-
ines from such egg rafts.
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Materials and Methods
Study area. This study was carried out in Minna, the 

capital of Niger State, North Central Nigeria. Minna is 
located within longitude 6° 33′E and latitude 9° 27′N, cover-
ing a land area of 88 km2 with an estimated human population 
of 1.2 million. The area is characterized by a tropical climate 
with mean annual temperature, relative humidity, and rainfall 
of 30.20°C, 61.%, and 1334.00 mm, respectively. The climate 
presents two distinct seasons in a year: a rainy season between 
May and October and a dry season between November and 
April. The vegetation in the area is typically grass-dominated 
savannah with scattered trees.14

Source and incubation of egg rafts. The city was combed 
thoroughly for egg rafts from conventional breeding habitats; 
recovered rafts were put in carefully labeled containers and 
transported to the entomological unit of the Department of 
Biological Sciences. The egg rafts were screened and identified 
for those belonging to C. quinquefasciatus using the techniques 
described by Weber and Weber25 and incubated according 
to the techniques of De Meillon and Thomas,26 with slight 
modifications. Briefly, 10 egg rafts were simultaneously placed 
in the well-labeled transparent plastic hatching trays (A–J), 
filled with 250 mL of borehole water as culture medium and 
incubated at ambient room conditions of 28.00  ±  1.00°C, 
70.20 ± 2.82% RH, and 12L:12D photoperiod. After hatch-
ing, the species were confirmed using the morphological keys 
suggested by Hopkins.27 The number of larvae that hatch out 
of each egg raft was used as an estimate of its productivity/
hatchability. Those rafts that did not hatch after 72–96 hours 
were considered nonviable and were appropriately dispensed.

Larvae culture. The larvae were reared following stan-
dard techniques in plastic bowls (1250 mL capacity) at the rate 
of 250 larvae/bowl in 1000 mL of borehole water. The larvae 
were fed with fish feed (TetraMin®), at the rate of 0.32 mg/
larva every other day, sprinkled on the water surface. On every 
alternate day, the water from the culture bowls was changed 
till pupation.19,28

Pupae culture. The pupae were separated daily and 
placed in plastic bowls (5 cm in height and 20 cm in diameter) 
half filled with borehole water. The plastic bowls with pupae 
were labeled and placed in adult-holding cages for emergence, 
and mortality was noted; pupae that were unable to emerge or 
adults that were unable to break free from the pupal case were 
considered dead.19,29

Duration and survivorship of immature stages. The 
duration of the immature stages and stage-specific survivor-
ship were computed according to the life table analysis sug-
gested by Olayemi and Ande.14 Survival rates during the life 
stages were determined as the proportion of individuals at the 
beginning of a life stage that successfully entered the next 
stage.19

Sex ratio and adult longevity. The sex of each emer-
gent mosquito was noted, and all adult mosquitoes were 
subsequently monitored for daily survival rates and life span. 

During this period, the mosquitoes were fed with only sugar 
solution (10%) soaked in cotton wool.30

Adult fitness attributes (adult wing length and fluctu-
ating asymmetry). The adult fitness attribute, which is basi-
cally a measure of how well formed a mosquito is, to fly, locate 
mate, locate host, bite, and transmit pathogen, was estimated 
from data on body size and symmetry of the wings. The body 
size of adult mosquitoes is reflected by the wing size, which 
was determined as described by Gafur16 and Ukubuiwe et al.17 
The wings of emergent mosquitoes were carefully detached 
with the aid of entomological pins. The left and right wings 
were preserved in separate envelopes for further analysis. 
Wing length was measured according to the techniques of 
Gafur,16 and fluctuating asymmetry (FA) was determined as 
the difference between the left and right wings.

Data analyses. Differences in the mean values of dura-
tion and survival rates of immature life stage, as well as adult 
wing lengths, among the egg rafts were compared for statisti-
cal significance using analysis of variance at P = 0.05. All data 
obtained from experimental replicates and repeats were pro-
cessed as mean ± SD and subsequently pooled for statistical 
analysis. The mean values were separated using the Duncan’s 
multiple range test.

Results
Egg raft productivity and duration of immature life 

stages. Egg raft fertility and developmental rates among the 
families of C. quinquefasciatus population in Minna are pre-
sented in Table 1. Egg raft fertility in the mosquitoes was 
70.%, and 173.14 ± 47.72 larvae hatched per raft. The num-
ber of larvae hatched per raft varied significantly (P  0.05) 
and ranged from 104 in raft number 8 (RN8) to 224 in RN5. 
Apart from second larval instar (L2), significant (P  0.05) 
family variation in the duration of immature stages was 
observed among the egg rafts. Mean values of the results 
showed that the duration of development of the specific larval 
instars of the mosquito population increased steadily from L1 
(1.66 ± 0.27 days) to L3 (2.33 ± 0.42 days) but drastically in L4 
(4.09 ± 1.43 days): L1 (ranging from 1.39 ± 0.25 days in RN3 
to 1.94 ± 0.22 days in RN6), L2 (ranging from 1.82 ± 0.31 
days in RN10 to 2.20 ± 0.37 days in RN8), L3 (ranging from 
1.81 ± 0.09 days in RN8 to 3.23 ± 0.43 days in RN10), and L4 
(ranging from 1.79 ± 0.54 days in RN8 to 5.78 ± 1.01 days in 
RN10). Furthermore, total larval duration in the population 
was 10.09 ± 1.43 days and equally ranged from 6.83 ± 0.77 
days in RN8 and 12.78 ± 1.16 days in RN10, representing egg 
rafts/families with the fastest and slowest developing larvae, 
respectively.

Like larval development, the duration of pupal stage 
(PSD) and total immature duration (TID) differed significantly 
among the mosquito families, averaging 0.97 ± 0.24 days and 
11.07 ± 1.48 days, respectively. Significant (P  0.05) famil-
ial variation in PSD witnessed RN1 and RN6 producing 
pupae that spent the shortest (0.51 ± 0.59 days) and longest 
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(1.23 ± 0.29) time, respectively. These differences translated 
into various familial TIDs, with larvae in RN8 having the 
shortest TID (8.00 ± 0.67 days), were closely followed by those 
in RN1 (9.61 ± 3.24 days). RN10 produced larvae that spent 
the longest time (13.83 ± 1.18 days) in immature development.

Survivorship of immature life stage. Survivorship of the 
immature life stage is highlighted in Table 2. Mean aggregate 
survivorship of the immature mosquitoes was 89.91 ± 5.08% 
and was higher in the pupal stage (95.88 ± 3.16%) than that 
in the larval stage (88.42  ±  6.07%). Unlike the duration of 
development, survivorship of larval instars decreased steadily 
from L1 (98.29 ±  1.64%) to L3 (89.23 ±  8.78%) and, then, 
drastically in L4 (72.52 ± 17.02%). Differences within families 
of the species were significant (P  0.05) and worthy of note 
during the larval instar development than at the pupal stage; 
however, the differences were generally low for immature 

survivorship. Analyses of data between the families revealed 
the greatest survivorship in the first instar larvae, L1 (with 
values 98% in RN1, RN6, and RN8 and 100.% in RN3, 
RN4, and RN5), which was closely followed by the pupal life 
stages (survivorship: 90.% in RN8 and RN10 and 95% 
in RN1, RN3, RN4, RN5, and RN6). Conversely, L4 stages 
were the least survived (50% in RN1 and 50% in RN3, 
RN4, RN5, RN6, RN8, and RN10). Apart from larvae from 
RN1, there was generally no significant difference (P  0.05) 
in the average larval survival rates and average immature sur-
vival rates within the families, with values 80% and 85%, 
respectively (Table 2).

Adult emergence rate and survivorship. Table 3 shows 
the number of emergent imagines from the egg rafts, their 
daily survivorship, average postemergence longevity (APL) of 
adult mosquitoes, and their average life expectancy. Analyses 

Table 1. Hatchability of egg rafts and mean ± SD of duration (days) of immature stages (progeny) of egg rafts of C. quinquefasciatus in Minna, 
Nigeria.

EGG  
RAFT

NUMBER OF 
HATCHED 
LARVAE

LARVAL STAGES DURATION TOTAL  
LARVAL 
DURATION

PUPAL 
STAGE 
DURATION

TOTAL 
IMMATURE 
DURATION

L1 L2 L3 L4

RN1 208e,* 1.76 ± 0.56a,b,* 2.17 ± 0.19a 2.35 ± 0.46b 2.82 ± 3.34a,b 9.10 ± 2.69b 0.51 ± 0.59a 9.61 ± 3.24a,b

RN2 0a – – – – – – –

RN3 166d 1.39 ± 0.25a 2.09 ± 0.32a 2.01 ± 0.67a 5.32 ± 1.44b,c 10.82 ± 1.75b,c 1.02 ± 0.18b 11.84 ± 1.74b,c

RN4 220f 1.85 ± 0.19a,b 2.01 ± 0.14a 2.17 ± 0.31a,b 4.80 ± 1.56b 10.84 ± 1.36b,c 1.01 ± 0.15b 11.85 ± 1.46b,c

RN5 224f 1.67 ± 0.33a,b 1.87 ± 0.34a 1.93 ± 0.55a 3.79 ± 1.11a,b 9.27 ± 0.99b 1.13 ± 0.29a,b 10.39 ± 0.77b

RN6 170d 1.94 ± 0.22b 1.94 ± 0.11a 2.80 ± 0.43b,c 4.34 ± 0.99b 11.01 ± 1.26b,c 1.23 ± 0.29c 12.24 ± 1.27b,c

RN7 0a – – – – – – –

RN8 104b 1.41 ± 0.23a 2.20 ± 0.37a 1.81 ± 0.09a 1.79 ± 0.54a 6.83 ± 0.77a 1.17 ± 0.05ba,b 8.00 ± 0.67a

RN9 0a – – – – – – –

RN10 120c 1.57 ± 0.11a,b 1.82 ± 0.31a 3.23 ± 0.43c 5.78 ± 1.01c 12.78 ± 1.16c 1.05 ± 0.11b 13.83 ± 1.18c

Aggregate 173.14 ± 47.72 1.66 ± 0.27 2.01 ± 0.25 2.33 ± 0.42 4.09 ± 1.43 10.09 ± 1.43 0.97 ± 0.24 11.07 ± 1.48

Notes: RN1–10 = raft number 1–10; and L1–L4 = first to fourth larval instar. *Values followed by same superscript alphabets in a column are not significantly 
different at P = 0.05.

Table 2. Mean ± SD of stage-specific survivorship (%) of immature stages (progeny) of egg rafts of C. quinquefasciatus in Minna, Nigeria.

EGG 
RAFT

LARVAL STAGES AVERAGE LARVAL 
SURVIVAL RATE

PUPAL STAGE 
SURVIVAL RATE

AVERAGE IMMATURE 
SURVIVAL RATEL1 L2 L3 L4

RN1 98.00 ± 4.00a,b,* 75.22 ± 17.15a 65.65 ± 40.47a 41.13 ± 32.84a 69.99 ± 18.97a 100.00 ± 0.00b 75.99 ± 15.18a

RN3 100.00 ± 0.00b 99.00 ± 2.00b 97.92 ± 2.41b 65.18 ± 29.00a,b 90.52 ± 7.45b 100.00 ± 0.00b 92.42 ± 5.96b

RN4 100.00 ± 0.00b 96.00 ± 5.66b 80.29 ± 3.17a,b 62.74 ± 11.49a,b 84.76 ± 1.79b 100.00 ± 0.00b 87.81 ± 1.44b

RN5 100.00 ± 0.00b 99.00 ± 2.00b 99.00 ± 2.00b 93.83 ± 4.22b 97.96 ± 1.47b 98.91 ± 2.18b 98.15 ± 1.26b

RN6 98.00 ± 0.00a,b 99.00 ± 2.00b 96.83 ± 4.14b 88.39 ± 18.09b 95.55 ± 6.30b 100.00 ± 0.00b 96.44 ± 5.04b

RN8 98.00 ± 2.31a,b 92.83 ± 8.49b 95.12 ± 7.07b 62.53 ± 19.08a,b 87.12 ± 3.69b 90.89 ± 7.07b 87.87 ± 3.29b

RN10 94.00 ± 5.16a 94.43 ± 5.75b 89.83 ± 2.18a,b 93.86 ± 4.44b 93.03 ± 2.80b 81.39 ± 12.89a 90.70 ± 3.37b

Aggregate 98.29 ± 1.64 93.64 ± 6.15 89.23 ± 8.78 72.52 ± 17.02 88.42 ± 6.07 95.88 ± 3.16 89.91 ± 5.08

Notes: RN1–10 = raft number 1–10; L1–L4 = first to fourth larval instar. *Values followed by same superscript alphabets in a column are not significantly different at 
P = 0.05.
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showed a significant variation (P  0.05) in these parameters 
for egg rafts/families and between/within sexes of egg rafts. 
Apart from RN1 and RN8, other rafts recorded significant dif-
ference (P  0.05) in the number of emergent male and female 
adults, ranging from 13 in RN1 to 37 in RN6 and 10 in RN1 
to 56 in RN5, respectively. Adult mosquito emergence rates 
ranged from 23 to 91 imagines per egg raft, with an average of 
59.72 ± 23.35 for the mosquito species (Table 3). Sex-wise dis-
tribution of the imagines varied significantly among the fami-
lies (ie, egg rafts). Significantly higher number of female 
mosquitoes (mean = 34.43 ± 14.89 mosquitoes/egg raft) than 
the male mosquitoes (mean  =  25.29  ±  8.46 mosquitoes/egg 
raft) were recorded.

The influence of family source on daily survivorship of 
the adult mosquitoes was also significant (P    0.05) and 
ranged from 41.71  ±  35.42% (in RN1) to 71.17  ±  31.64% 
(in RN5) and 44.62 ± 37.21% (in RN8) to 70.62 ± 31.58% 
(in RN5) for the male and female mosquitoes, respectively. 
On the whole, daily survivorship of the female mosquitoes 
(57.76  ±  34.81%) was significantly higher than that of the 
male mosquitoes (53.12 ± 35.36%), thus revealing the varia-
tion among families; apart from RN5, other rafts had sig-
nificant difference (P  0.05) in the survivorship of male and 
female mosquitoes. Generally, RN5 imagines were the most 
daily survived for the sexes, and RN1 adults being the least 
survived (Table 3).

Life expectancy (ie, longevity) of the male and female 
mosquitoes followed the same pattern as daily survival rate, 
with longevity of 7.72 ± 3.41 and 8.08 ± 3.83 days, respectively. 
Analyses of APL revealed variation between and among sexes 
of the egg rafts, with RN5 producing adults with the longest 
APL for males (11.25 ± 7.17 days) and females (11.13 ± 9.47 
days). These variations translated into mean APL for the spe-
cies as 7.89 ± 5.19 days, ranging from 6.24 ± 7.89 days in RN1 
to 11.19 ± 8.32 days in RN5 (Table 3).

Wing length and FA. Wing length (proxy for adult body 
size) was longer in the female mosquitoes (3.15 ± 0.18 mm) 
than male mosquitoes (2.97 ± 0.12 mm) (Table 4). However, 
the left and right wing lengths in both sexes varied within 
narrow limits. Noticeably, family source had significant 
(P  0.05) influence on wing lengths of the mosquitoes, as 
the biggest male mosquitoes were from families/egg rafts 
RN1 and RN10 (mean, 3.20 ± 0.03 mm and 3.23 ± 0.10 mm, 
respectively), while RN8 produced the smallest male mosqui-
toes (mean, 2.61 ± 0.14 mm). In addition, RN1 and RN10 pro-
duced the biggest female mosquitoes (mean, 3.27 ± 0.09 mm 
and 3.24  ±  0.18  mm, respectively), but unlike for the male 
mosquitoes, RN5 produced the smallest female mosquitoes 
(mean, 2.92  ±  0.15  mm). This result is further buttressed 
by the analyses of aggregate adult wing lengths (male and 
female), which revealed that RN1 and RN10 produced the 
largest mosquitoes, while RN5 produced the smallest mos-
quitoes. FA of the wings was very low (aggregate population 
mean = 0.02 mm) and similar for both sexes.Ta

bl
e 

3.
 A

du
lt 

m
os

qu
ito

 e
m

er
ge

nc
e 

ra
te

 a
nd

 lo
ng

ev
ity

 o
f C

. q
ui

nq
ue

fa
sc

ia
tu

s 
in

 M
in

na
, N

ig
er

ia
.

EG
G

 
R

A
FT

N
U

M
B

ER
 O

F 
EM

ER
G

EN
T 

IM
A

G
O

S*
  

(P
ER

 E
G

G
 R

A
FT

)
D

A
IL

Y 
SU

R
VI

VO
R

SH
IP

 O
F 

IM
A

G
IN

ES
 (%

)*
AV

ER
A

G
E 

PO
ST

-E
M

ER
G

EN
C

E 
LO

N
G

EV
IT

Y 
(A

PL
) (

D
AY

S)

M
A

LE
FE

M
A

LE
TO

TA
L

M
A

LE
FE

M
A

LE
M

E
A

N
M

A
LE

FE
M

A
LE

M
E

A
N

RN


1
13

a,
**

a
10

a a,
**

*
23

41
.7

1 
± 

35
.4

2a a
45

.3
3 

± 
37

.2
2a b

43
.5

2 
± 

36
.3

2
6.

38
 ±

 8
.4

0b a
6.

10
 ±

 7
.3

8a a
6.

24
 ±

 7
.8

9

RN


3
25

c  a
38

c  b
63

43
.2

5 
± 

35
.7

3a a
64

.2
5 

± 
34

.2
7c b

53
.7

5 
± 

35
.0

0
9.

20
 ±

 4
.0

3d b
7.

71
 ±

 4
.7

8c a
8.

46
 ±

 4
.4

1

RN


4
20

b  a
28

b  b
48

53
.5

7 
± 

36
.8

0b a
54

.0
4 

± 
36

.3
1b a

53
.8

1 
± 

36
.5

6
4.

55
 ±

 2
.9

0a a
7.

50
 ±

 3
.7

8c b
6.

03
 ±

 3
.3

4

RN


5
35

d  a
56

e  b
91

71
.1

7 
± 

31
.6

4d a
70

.6
2 

± 
31

.5
8c a

70
.8

9 
± 

31
.6

2
11

.2
5 

± 
7.

17
e a

11
.1

3 
± 

9.
47

e a
11

.1
9 

± 
8.

32

RN


6
37

d  a
47

d  b
84

60
.2

4 
± 

37
.4

7c a
65

.8
0 

± 
33

.1
3c b

63
.0

2 
± 

35
.2

4
8.

76
 ±

 3
.8

9d a
10

.0
9 

± 
4.

83
d b

9.
42

 ±
 4

.3
6

RN


8
21

b  a
27

b  a
48

51
.3

8 
± 

34
.1

7b b
44

.6
2 

± 
37

.2
1a a

48
.0

0 
± 

23
.5

9
6.

97
 ±

 3
.3

9c a
6.

56
 ±

 2
.7

4b a
6.

77
 ±

 3
.0

7

RN


10
26

c  a
35

c  b
61

50
.4

9 
± 

35
.9

7b a
59

.6
5 

± 
33

.9
8b,

c b
55

.0
8 

± 
34

.9
8

6.
89

 ±
 2

.4
5c a

7.
49

 ±
 3

.0
3c b

7.
19

 ±
 4

.9
6

Ag
gr

eg
at

e
25

.2
9 

± 
8.

46
34

.4
3 

± 
14

.8
9

59
.7

2 
± 

23
.5

5
53

.1
2 

± 
35

.3
6 a

57
.7

6 
± 

34
.8

1 b
55

.4
4 

± 
33

.3
2

7.
72

 ±
 3

.4
1

8.
08

 ±
 3

.8
3

7.
89

 ±
 5

.1
9

N
ot

es
: RN


1–

10
 =

 ra
ft 

nu
m

be
r 1

–1
0.

 *
To

ta
l n

um
be

r o
f a

du
lts

 m
on

ito
re

d 
fo

r e
ac

h 
eg

g 
ra

ft 
= 

10
0.

 *
*V

al
ue

s 
fo

llo
w

ed
 b

y 
sa

m
e 

su
pe

rs
cr

ip
t a

lp
ha

be
ts

 in
 a

 c
ol

um
n 

ar
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t a

t P
 =

 0
.0

5.
 *

**
Va

lu
es

 fo
llo

w
ed

 b
y 

sa
m

e 
su

bs
cr

ip
t a

lp
ha

be
ts

 in
 a

 ro
w

 fo
r e

ac
h 

m
al

e 
an

d 
fe

m
al

e 
ar

e 
no

t s
ig

ni
fic

an
tly

 d
iff

er
en

t a
t P

 =
 0

.0
5.

Downloaded From: https://complete.bioone.org/journals/International-Journal-of-Insect-Science on 28 May 2024
Terms of Use: https://complete.bioone.org/terms-of-use

http://www.la-press.com
http://www.la-press.com/international-journal-of-insect-science-j129



Genetic variations in bionomics of Culex quinquefasciatus 

13International Journal of Insect Science 2016:8

Discussion
Knowledge of genetic diversity present within families of 
a species is important in understanding the evolutionary 
adaptability of the organism to function well in its eco-
logical niche. The life cycle of mosquitoes starts from the 
laid egg (singly or in rafts), and life attributes of the prog-
eny depend largely on the quality of the eggs. In the pres-
ent study, which is a preliminary investigation, the egg rafts 
were not all productive, as 30% of the randomly collected 
eggs were not viable; this confirms earlier assumptions that 
not all egg rafts are viable. However, egg raft fertility was 
relatively high (70%) for the species (C. quinquefasciatus pop-
ulation) in the area, indicating an ecologically well-adapted 
and genetically fit mosquito population. These are bases for 
rapid development of high C. quinquefasciatus population 
density in Minna. This result explains the preponderance of 
Culex species especially C. quinquefasciatus in previous mos-
quito collections in the area.11,15,20 High population density 
of C. quinquefasciatus in Minna poses serious threat to pub-
lic health especially with the transmission of filariasis and 
elephantiasis.31,32

Duration and survivorship of immature stages of the 
mosquito species averaged about 11.07  ±  1.48 days and 
90%, respectively. These results are similar to those of 
Olayemi et al,22 who reported values of 11.57  ±  0.00 days 
and 90.38 ± 6.52%, respectively. However, their results con-
tradicted those reported by Ukubuiwe et al,19 who reported a 
duration of development of 8.67 ± 2.03 to 10.10 ± 0.94 days 
and survivorship range of 88.87 ± 7.58% to 95.08 ± 1.68% for 
species collected from different areas of the city. In addition, 
they differed from those reported by Olayemi et al,23 who 
reported survivorship of 95.40 ± 2.87% and duration of imma-
ture development of 9.97  ±  0.74 days for the same species. 
These similarities/dissimilarities may be due to genetic and/
or environmental concurrence/differences between the popu-
lations of mosquito species, as they were raised in the same 
laboratory conditions.

In the present study, familial variation in the immature 
duration showed that mosquitoes from RN8 are fast develop-
ers, while those from RN10 are very slow developers (elimi-
nating the influence of habitat source by rearing in the same 
breeding conditions), which is of great importance epidemio-
logically and entomologically, as it can affect the prediction of 
population explosion from existing data. Thus, it points to a 
differential endowment of the species genetically; this could 
have been the reason for the conflicting results from previous 
studies on the species.

Increased duration of instar stage with larval age as 
reported in this study and supported by earlier studies19,22–24 
may be occasioned by the increasing need to accumulate ten-
eral reserve for egg development in female mosquitoes dur-
ing the adult stage. In addition, Briegel et al33 and Briegel34 
reported the climax teneral reserve accumulation in mosqui-
toes during the L4 instar stage, which in the present study Ta
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varied significantly between families/egg rafts and could sig-
nify differential accumulation tendencies.

While the duration of larval instar stage increased from 
L1 to L4, the reverse was the case with survival rates. The 
decreasing survivorship of the larval instars (of all the families/
egg rafts) with age (ie, L1–L4) seems to disfavor the ecologi-
cal adaptability of C. quinquefasciatus in Minna, as indicated 
by the high fertility of the egg rafts and reported dominance 
in the area. However, the explanation may be found in the 
differences between laboratory-reared conditions of the lar-
vae as against the field environmental conditions to which 
the species has probably adapted, especially as the egg rafts 
used in this experiment came from the wild and not from a 
laboratory-adapted mosquito colony.

Significantly, higher densities of and better survivorship 
of female mosquitoes per egg raft that varied among egg rafts/
families were not unexpected, as nature, through evolution-
ary selection, tends to invest more in the female sex of many 
species, as they are regarded as better assets. For example, 
female mosquito needs to produce eggs (a costly physiological 
and metabolic process), accumulate more teneral reserve dur-
ing the larval stage,35 and take blood meals (a highly protei-
nous food source), which stand them in good stead for better 
adult life performance than the males.34,36,37

Wing length of mosquitoes gives an estimate of body 
weight38 and body size39 and affects longevity, fecundity, and 
blood meal volume, which may influence the fitness of the vec-
tor for disease/parasite transmission. In addition, FA measures 
deviation from perfect bilateral symmetry caused by environ-
mental and/or genetic stress experienced during ontogeny and 
usually is an interaction between the environment and the gen-
otype or wholly genetic expression.40,41 In the present study, 
differential wing lengths were noted across the families and 
the earlier productive and perceived genetically efficient egg 
raft (RN5; with the greatest immature survivorship, highest 
adult emergence, and longest surviving mosquitoes) produced 
the smallest mosquitoes with greater FA, with the female 
mosquitoes having longer wing lengths (ie, adult body size) 
than the male mosquitoes. This is supported by earlier studies 
by Agnew et al42 and Kaufmann and Briegel,37 who reported 
greater value of wing length for female species for Stegomyia 
aegypti (L.), Stegomyia albopicta, Ochlerotatus. triseriatus (Say), 
C. quinquefasciatus Say, and Culex salinarius Coquillet.

Although familial variation exists, the FA of the wings 
of C. quinquefasciatus population in Minna was generally very 
low (and significantly differed between both sexes), which 
may suggest the absence of significant environmental stress 
and/or high ecological adaptability of the wild mosquito 
species in the area. This again explains the preponderance of 
C. quinquefasciatus species in Minna, with its attendant epi-
demiological consequences for disease transmission. These 
deductions are supported by earlier findings of Imasheva et al43 
and Mpho et al41 on FA as a good indicator of the occurrence 
of environmental stress on mosquito populations in an area.

The influence of family variations on the reproductive 
and adult fitness of C. quinquefasciatus studied was significant. 
This finding indicates the need for commensurate studies on 
the genetics of mosquitoes and influence of environmental 
factors to ascertain their roles in the vector fitness and dis-
ease transmission ability of the vector. The ecological implica-
tion of the existing significant diversity in C. quinquefasciatus 
population in Minna is that the population of the mosquito is 
still evolving and is therefore expected to get better adapted to 
the environmental conditions in the area with time. This must 
not be allowed to happen in order to forestall the potential 
intolerably high Culex-borne disease burdens associable with 
such scenarios.

Conclusion
This preliminary study shows that C. quinquefasciatus 
mosquito population in Minna, Nigeria, is diversified, vig-
orous, and ecologically well adapted to the prevailing envi-
ronmental factors in the area. The population seems not to 
be under significant environmental stress, and evolutionary 
forces have significantly equipped and selected female indi-
viduals over the males. However, further studies are advo-
cated to substantiate these aspects. Family divergence in 
reproductive and vectorial fitness traits of the species are 
high, indicating that the mosquito is likely to become a much 
better vector with time, thus constituting serious public 
health threat in the area. Therefore, the findings of this study 
underscore the need for further studies on the role of genet-
ics and/or environment on vectorial importance of mosquito 
species, and the results of such studies should help in fine-
tuning the development of robust sustainable mosquito vec-
tor control protocols.
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