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Objective: To show the effect of temperature on the biology of Culex quinquefasciatus and also to
show the effect of the bacterial pesticide, spinosad on developmental stages of the filarial vector.
Methods: A laboratory colony of mosquito larvae was used for the larvicidal activity of
temperature and spinosad. Twenty-five numbers of first, second, third, fourth instar larvae were
introduced into the 500 mL glass beaker containing 250 mL of de-chlorinated water with desired
temperatures (16 °C, 20 °C, 24 °C, 28 °C, 32 °C, 36 °C), similarly spinosad, at different concentrations.
The development was observed for every 24 h.
Results: The results showed that the rise in temperature acts as a growth inhibiting factor for
mosquitoes. And no development was found in the temperature below 16 °C and above 36 °C. The
hatchability was increased as the temperature was increased up to 32 °C, after which eclosion
rates dropped gradually.
Conclusions: 32 °C was obtained as the maximum sustainable temperature and after which the
developmental rate was gradually reduced. The optimal temperature for development was lower
than the temperatures at which development was quickest. The bacterial pesticide spinosad
showed that it is an effective mosquito control agent and can be used for further integrated pest
management programmes.

Comments
The present study is valuable

indicating the impact of increase in
temperature i.e., the raise in global
warming on mosquitoes which
leads to epidemics of vector borne
diseases. T he study also pinpoints
the importance of bio-insecticides
(spinosad) which are environmentally
safer, target specific and biodegradable.
Details on Page S90
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1. Introduction
Mosquitoes are common flying insects in the family
Culicidae that are found around the world. There are about
3 500 species. The females of most mosquito species suck

blood (hematophagy) from other animals, which has made
them the deadliest disease vector known, killing millions
of people over thousands of years and continuing to kill
millions per year by the spread of infectious diseases.
Disease organisms transmitted by mosquitoes include West
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Nile virus, Saint Louis encephalitis virus, Eastern equine
encephalomyelitis virus, Everglades virus, Highlands J
virus, La Crosse Encephalitis virus in the United States;
dengue fever, yellow fever, Ilheus virus, and malaria in the
American tropics; Rift Valley fever, Wuchereria bancrofti,
J apanese E ncephalitis, dengue fever, yellow fever,
chikungunya and malaria in Africa and Asia; and Murray
Valley encephalitis in Australia. Insect-transmitted disease

remains a major source of illness and death worldwide.

Mosquitoes alone transmit disease to more than 200 million
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people annually. India reports more than 1 000 deaths from
malaria, 2 000 confirmed cases of Chikungunya virus and
1 000 deaths from J apanese encephalitis [1-3] . A lthough
mosquito-borne diseases represent a greater health
problem in tropical and subtropical climates, no part of the
world is immune to this risk and no effective vaccines are
available[4].
Culex is a genus of mosquito, and is important in that
several species serve as vectors of important diseases, such
as West Nile virus, filariasis, Japanese encephalitis, St. Louis
encephalitis and avian malaria. Culex quinquefasciatus Say
(Cx. quinquefasciatus ) (Diptera: Culicidae) is the principle
vectors of human lymphatic filariasis estimated to afflict
about 120 million people worldwide[5].
Temperature has been ascribed a primary role in the
ecology of aquatic insects. Human activities should not
change water temperatures beyond natural seasonal
fluctuations. To do so could disrupt aquatic ecosystems,
which leads to development of vectors and vector born
diseases. The rates of metabolic processes in mosquitoes
are dependent on various environmental conditions such as
temperature and hydrology[6,7]. In general, mosquito density
tends to increase with increasing temperature, giving rise to
a concern regarding potential increase in mosquito related
diseases, given a scenario of global warming. Management
of these disease vectors using synthetic chemicals has failed
because of insecticide resistance, vector resurgence and
environmental pollution. Consequently, an intensive effort
has been made to find alternative methods of control[8].
Spinosad is a mixture of tetracyclic macrolide neurotoxins,
spinosad A and D, produced during the fermentation of the
soil actinomycete, Sacharopolyspora spinosa. As, such, it
may be considered as a bioinsecticides[9]. The insecticidal
properties of Sacharopolyspora spinosa metabolites were first
detected in a qualitative mosquito bioassay, during routine
screening of soil sample for biologically active compound in
the early 1890s[10]. In the present study, an attempt has been
made to evaluate the effect of temperature and spinosad on
the filarial vector, Cx. quinquefasciatus.
2. Materials and methods
2.1. Collection of eggs
The eggs of Cx. quinquefasciatus were collected from local
and around Coimbatore, India) different breeding habitats
with the help of a ‘O ’ type brush. T he eggs were then

(in

brought to the laboratory and transferred to 18伊13伊4 cm size
enamel trays containing 500 mL water and kept for larval
hatching. They were hatched and reared, and have been
still maintained from many generations in the laboratory.
The eggs and larvae obtained from this stock were used for

different experiments.
2.2. Maintenance of larvae
T he larvae reared in plastic cups. T hey were daily
provided with commercial fish food[11]. Water was changed
alternate days. The breeding medium was regularly checked
and dead larvae were removed at sight. The normal cultures
as well as breeding cups used for any experimental purpose
during the present study were kept closed with muslin cloth
for preventing contamination through foreign mosquitoes.

2.3. Maintenance of pupae and adult
The pupae were collected from culture trays and were
transferred to glass beakers containing 500 mL of water
with help of a sucker. The glass beaker containing pupae
was then kept in 90伊90伊90 cm size mosquito cage for adult
emergence. The cage was made up of wooden frames and
covered with polythene sheets on four side (two laterals, one
back and other one upper) and the front part was covered
with a muslin cloth. The bottom of the cage was fitted
with strong cardboard. The freshly emerged adults were
maintained (27±2) °C, 75%-85% Relative Humidity, under
14L:10D photoperiod cycles. The adults were fed with 10%
sugar solution for a period of three days before they were
provided an animal for blood feeding.

2.4. Blood feeding of adult Cx. quinquefasciatus and egg
laying
The adult female mosquitoes were allowed to feed on the
blood of rabbit (shaved on the dorsal side) for two days, to
ensure adequate blood feeding for five days. After blood
feeding, ovitraps were placed inside the cage for the adults
to lay eggs.

2.5. Preparation of spinosad
Success of spinosad was purchased from Kalpatharu
pesticide Limited, Coimbatore, Tamil Nadu, India. Spinosad
2.50% copolymer of ethylene oxide and propylene oxide
0 . 17 % , ammonium salt of naphthalene sulphonic acid
0.11%, polyalkyl siloxane 1.00%, prophylene glycol 4.14%,
polysaccharide gum 0.15%, Hydrated magnesium aluminum
silicate 0 . 92 % and water 9 % . T otal 100 % w/w, active
specifically against insects. Required quantity of spinosad
was thoroughly mixed with distilled water to prepare various
concentrations, ranging from 0.001 to 0.008 mg/L.

2.6. Temperature effect on Cx. quinquefasciatus larvae
A laboratory colony of mosquito larvae was used for the
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larvicidal activity of temperature. Twenty-five numbers of
first, second, third, fourth instar larvae were introduced into
the 500 mL glass beaker containing 250 mL of de-chlorinated
water with desired temperatures (16 °C, 20 °C, 24 °C, 28 °C,
32 °C, 36 °C). Larval food was given for the test larvae. At
each tested temperature, 2 trials were made and each trial
consisted of three replicates. The development was observed
for every 24 h.

the larval durations were 1.2, 1.4, 1.4 and 1.8 d from 1st instar
to 4th instar respectively. At 32 °C, the larval durations were
0.6, 0.7, 0.6 and 0.8 d from 1st instar to 4th instar respectively.
At 36 °C, the larval durations were 2.3, 2.1, 2.2 and 2.0 d from
1st instar to 4th instar respectively.

2.7. Larval and pupal toxicity test of spionsad

Control
16 °C
20 °C
24 °C
28 °C
32 °C
36 °C

A laboratory colony of mosquito larvae and pupae was
used for the larvicidal and pupicidal activity. Twentyfive numbers of first, second, third and fourth instar larvae
and pupae were introduce into the 500 mL glass beaker
containing 249 mL of de-chlorinated water and 1 mL of
desired concentrations of spinosad was added separately.
Larval food was given for the test larvae. At each tested
concentration, 2 to 5 trials will be made and each trial
consisted of three replicates. Mixing 1 mL of acetone with
249 mL of de-chlorinated water set up the control. In the
plant extracts, the larvae exposed to de-chlorinated water
without acetone served as control. The control mortalities
will be corrected by using Abbott’s formula[12].
Observed mortality in treatmentObserved mortality in control
Corrected mortality=
伊100
100-Control mortality
Number of dead larvae

Percentage mortality =

Number of larvae introduced

伊100

LC50, LC90, regression equation and 95% confidence limit of
lower confidence of limit and upper confidence limit were
calculated from toxicity data by using probit analysis[13].

3. Results
T he effect of temperature on the biology of Cx.
quinquefasciatus is shown in Table 1. The larval durations
were highly altered as the temperature range varies. At 16
°C, the larval durations were 3.9, 3.8, 3.5 and 3.4 d from 1st
instar to 4th instar respectively. At 20 °C, the larval durations
were 3.1, 3.0, 2.7 and 2.6 d from 1st instar to 4th instar
respectively. At 24 °C the larval durations were 2.2, 2.1, 2.0
and 2.4 d from 1st instar to 4th instar respectively. At 28 °C,

Table 1
Effect of temperature on the biology of Cx. quinquefasciatus.
Treatment/
Temperature ( °C)

and
pupal stage

I
II
III
IV
Pupa

0.01
a

37

a

34

a

28

a

31

a

35

Larval and pupal mortality (%)
Concentration (mg/L)
0.02
b

49

b

44

b

43

b

42

b

59

0.04
c

61

c

59

c

57

c

55

b

59

0.06
d

74

d

73

d

69

d

70

c

75

0.08
e

80

e

79

e

76

de

73

cd

79

1.2

b

Larval duration (days)
II instar
III instar

3.9

3.1

e

d

2.2

1.2

c

b

0.6

a

2.3

c

1.3

1.4

b

b

3.8

3.0

3.5

e

2.7

d

d

2.1

1.4

e

2.0

c

1.4

b

c

b

0.7

0.6

a

2.1

a

2.2

c

c

IV instar
1.9

b

3.4

d

2.6

cd

2.4

1.8

c

b

0.8

2.0

a

bc

M eans± SD followed by same letter within columns indicate no
significant difference in Duncan’s multiple range test (P<0.05 value).

Larval toxicity effect of spinosad (microbial pesticide) on
filarial vector, Cx. quinquefasciatus is given in the Table 2.
The percentage of mortality of Cx. quinquefasciatus after
the treatment of spoinosad on the I to IV instar larvae and
pupae from 0.01, 0.02, 0.04, 0.06 and 0.08 mg/L were carried
out. Higher mortality rate was 80% at 0.08 mg/L concentration
in the I instar larval stage. The LC50 value and LC90 values
represented as follows: LC50 value of I instar was 0.249 6, II
instar was 0.296 4, III instar was 0.347 1, IV instar was 0.348 4
and pupa was 0.274 6 respectively. LC90 value of I instar was
0.101 8, II instar was 0.101 8, III instar was 0.107 0, IV instar
was 0 . 114 1 and pupae was 0 . 104 2 respectively. A mong
the different larval stages, the I instar larvae was more

susceptible than the other instar larvae.
4. Discussion

The distribution and abundance of an insect species
depends on its own biological characteristics and the
influence of other organisms, on its physical environment.
T emperature plays a major role [14,15] , as insects are
poikilothermic or cold-blooded. Metabolic heat, that is
generated by most insects themselves, is limited and has
little effect on their body temperature[16]. Therefore, their
metabolic rate and thus the growth and development
rate of insects depend on the temperature of their direct
environment.

Table 2
Larvcidal and pupicidal effect of spinosad on filarial vector, Cx. quinquefasciatus.
Larval

I instar

Value of LC50
and LC90 (%)

Regression
Co-efficient

0.249 6 (0.101 8)

16.468 55

0.153 0 (0.087 0)

0.321 6 (0.127 1)

1.153

0.347 1 (0.107 0)

17.713 90

0.273 9 (0.922 5)

0.411 5 (0.131 3)

2.674

0.296 4 (0.101 8)
0.348 4 (0.114 1)
0.274 6 (0.104 2)

17.754 01
16.169 37
17.326 60

95% Confidence Limit
LCL
UCL
LC50 (LC90)
LC50 (LC90)

0.216 0 (0.877 9)
0.267 7 (0.969 3)
0.187 7 (0.187 1)

0.361 8 (0.124 8)
0.041 8(0.437 1)

0.032 5 (0.012 5)

Means±SD followed by same letter within rows indicate no significant difference in Duncan’s multiple range test (P<0.05 value).

Chi-square
2
Value (χ )
1.078
2.284
1.012
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T emperature is an important determinant in the
growth, development and survival of mosquito larvae.
T he relationship between mosquito development and
temperature is one of the keys to understand the current and
future dynamics and distribution of vector-borne diseases.
Many process-based models use mean air temperature to
estimate larval development times, and hence adult vector
densities and malaria risk[17].
The results showed that the rise in temperature acts
as a growth inhibiting factor for mosquitoes. A nd no
development was found in the temperature below 16 °C
and above 36 °C . 32 °C was obtained as the maximum
sustainable temperature and after which the developmental
rate was gradually reduced. The optimal temperature for
development was lower than the temperatures at which
development was quickest. Earlier reports states that the
abiotic factors such as temperature also affect the larval
mortality[15,18,19].
Adverse effects of temperature on the developmental
stages of Anopheles stephensi[7], Anopheles quadrimaculatus
Say[20], Aedes aegypti Linnaeus[21,22], Culex and Anopheles
species [23], Toxorhynchites brevipaplis T heobald [24] and
Wyeomyia smithii Coquillett[25] have been reported, which
lie in concordance with the present report.
Larvae developed into adults at temperatures ranging from
16 to 34 °C. Larval survival was shortest (<7 d) at 10-12 °C
and 38-40 °C, and longest (>30 d) at 14-20 °C. Earlier report
states that within the temperature range at which adults
were produced was 18-32 °C. Larval mortality was highest
at the upper range 30-32 °C, with death (rather than adult
emergence) representing over 70% of the terminal events[26].
Development time from egg to adult was measured under
laboratory conditions at constant temperatures between 10
and 40 °C. Rate of development from one immature stage to
the next increased at higher temperatures to a peak around
28 ° C and then declined. A dult development rate was
greatest between 28 and 32 °C, although adult emergence
was highest between 22 and 26 °C. No adults emerged below
18 °C or above 34 °C[19].
Spinosad have been brought out significant toxicity on
different larval instars of Cx. quinquefasciatus. Earlier,
laboratory larval bioassays of spinosad on Aedes aegypti,
Cx. quinquefasciatus, and Anopheles gambiae (specimens
that were either susceptible or resistant to pyrethroids,
carbamates, and organophosphates ) showed that this
product had a lethal action (mortality after 24 h of exposure)
regardless of the original status, susceptible or resistant,
of the mosquito larvae[27]. The study showed an increase
in mortality with the increase in concentration and the
early instar larvae are much susceptible than the later
ones. The bacterial pesticide spinosad showed that it is an
effective mosquito control agent and can be used for further
integrated pest management programmes. Earlier we reported
that spinosad is more toxic in lower concentrations when
compared to NSKE to mosquitoes that are more susceptible
than chironomids[28]. The lowest LC50 value obtained from
spinosad against Anopheles stephensi was 0.002 05 mg/L.
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Comments
Background
Global warming is the rise in the average temperature.
Speculations on the potential impact of continued warming
on human health often focus on mosquito-borne diseases.
Elementary models suggest that higher global temperatures
will enhance their transmission rates and extend their
geographic ranges. Developing an understanding of the
likely effects of climate change on different mosquito
species is not only valuable from an insect ecology
perspective, but has implications for the transmission of
mosquito borne infections.
Research frontiers
The present study states that the global warming may
not just cause mosquitoes to proliferate; it may also allow
malaria to spread and lead to deaths worldwide. T he
mosquito vectors cannot develop below the 16 °C. But as the
study says due to global warming the winter temperature
rises above 16 °C, which could bring a dramatic expansion
in mosquito population.
Related reports
Researchers agree that global warming will increase
the number of mosquitoes, which can bring outbreak of
mosquito-borne diseases throughout the world (Miller, 2012;
Reiter, 2008).
The effectiveness of spinosad for larval mosquito control
has been demonstrated by a number of researchers (Hertlein
et al., 2010; Jiang and Mulla, 2009; Romi et al., 2006; Darriet
et al., 2005).
Innovations & breakthroughs
Using wide range of temperature including 16 and below
to show the effect of climate change on insects especially
mosquitoes is a novel approach. And using spinosad a
neurotoxin to control mosquito also valuable.
Applications
The study is applicable for product development (bio-
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pesticide) using spinosad. The report is also useful for
research work on global warming and their impacts on
animals. It will also be helpful for the government and
non-governmental organizations who work on vector borne
diseases.
Peer review
The present study is valuable indicating the impact of
increase in temperature i.e., the raise in global warming
on mosquitoes which leads to epidemics of vector borne
diseases. The study also pinpoints the importance of bioinsecticides (spinosad) which are environmentally safer,
target specific and bio-degradable
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