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Abstract. Aedes aegypti Linnaeus mosquito is a vector of several viruses that cause diseases of medical and veterinary importance. Dengue, 
yellow fever, Zika and Chikungunya viruses are more important arboviruses transmit by mosquitoes. A. aegypti life cycle goes through 4 
stages of development and the time for development from egg to adult mosquito depends on a series of biotic and abiotic factors such as 
temperature, food availability and population density, studied in different species of insects. In this work we studied the effects of different 
food concentrations, temperatures variation, pH gradient and luminosity on the development of A. aegypti larvae. The eggs were collected in 
the city of Tangará da Serra/MT and larvae in the L1 stage were used for the tests. The results showed that all the factors studied interfered 
in the larval development. The increase in food concentration and temperature accelerated the development of larvae to pupae. The acidic 
pH (pH = 4) proved to be unsuitable for the development of larvae (100% lethality), with the ideal pH for the development of larval stages 
being equal to pH = 6. Although in all light variations (dark, light and photoperiod 10L/ 14D) there was complete development of the larvae, 
the photoperiod test proved to be more adequate. This study helps to better understand the success, dispersion and adaptation of the A. 
aegypti mosquito in different regions under different environmental conditions.
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Arboviruses (viruses transmitted by arthropod invertebrates) transmitted by mosquitoes of 
the genus Aedes are one of the biggest public health problems in the world. The distribution 
of mosquitoes of the genus Aedes is mainly located in the tropical and subtropical regions 
of the globe, and in Brazil there is a differentiation in the distribution of the two main 
species of this genus, Aedes aegypti Linnaeus and Aedes albopictus (Skuse) (Kraemer et al. 
2015). The North and Northeast region of Brazil concentrates the A. aegypti mosquito and 
in the Southern region we found higher population density of A. albopictus (Ebi & Nealon 
2016). 

Only females have the hematophagic habit necessary for their reproduction and egg 
development (Forattini 2002; Natal 2002; Cardoso et al. 2010). These insects have important 
adaptations related to hematophagy, such as: anesthetic substances, anticoagulants and 
dilator vessels present in the saliva of the animal that act at the time of blood repast (Ribeiro 
& Francischetti 2003). Such molecules aid for a better blood supply, reducing the time of 
contact with the host, thus ensuring the survival of the insect (Ciprandi et al. 2003; Calvo et 
al. 2009).

The relatively short life cycle and the large number of eggs that females can oviposit 
throughout their life aid in the reproduction of this insect. Another important factor to 
be considered is the ability of eggs of mosquitoes of the genus Aedes to be resistant to 
dissection, thus increasing the dispersal capacity of this mosquito (Farnesi et al. 2017). 
The life cycle of A. aegypti is partially aquatic, in which females prefer to oviposit on 
moist surfaces (air-water interface), in places of preferably clean and stop water with 
little organic matter that are dark or low luminosity (Nelson et al. 1986). In addition, they 
undergo complete metamorphosis passing through four larval stages (L1, L2, L3, L4), pupa 
stage and the adult stage. The total time between the egg to winged insect phase varies 
depending on environmental conditions and food availability, being between 7 and 10 
days. Several studies are found in the literature on the development of mosquitoes under 
different environmental conditions, mainly related to temperature, rainfall, population 
density and different food sources (Alto & Juliano 2001a, 2001b; Araújo et al. 2015; Couret et 
al. 2014; Christiansen-Jucht et al. 2015). The lack of adequate food for mosquito development 
and high temperatures lead to mosquitoes of smaller sizes, which interfere with their 
physiology. The correlation between mosquito size and reproductive capacity, longevity 
and vector capacity were studied by different authors (Gama et al. 2005; Steinwascher 2018). 
Other factors such as luminosity, pH levels and feed availability were better studied in 
flies (e.g., Drosophilidae) and there is a study deficit related to the genus Aedes, especially 
regarding the parameter for the establishment of laboratory rearing (Villanueva et al. 2016).
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In order to complement the knowledge about the A. aegypti 
mosquito, this study evaluated the influence of different 
parameters (food availability, temperature, luminosity and 
pH) that may cause physiological changes, thus affecting its 
development. This helps in understanding the dispersion 
and adaptation in which the A. aegypti mosquito is suffering 
under different biotic and abiotic conditions.

MATERIAL AND METHODS

Eggs were collected by ovitramp method (Fay & Perry 1965) in 
Tangará da Serra municipality (State of Mato Grosso, Brazil) 
in different neighborhoods. After seven days the palettes 
were removed and observed under stereomicroscope to 
verify their positivity (presence of eggs) and eggs count. 
The palettes were placed in a transparent plastic container 
with 500 mL of distilled water for the hatching of the eggs. 
After 24 h, the larvae in stage L1 were used to perform the 
experiments described below.

Ethics. The collection and transport of the target specimens 
was authorized through the Biodiversity Information and 
Authorization System (SISBIO) - number 68486.

Experimental. All experiments were carried out using L1 
larvae (as described above), under the same temperature 
conditions (except for the temperature variation experiment), 
in transparent plastic pots with 500 mL of distilled water. 
The larvae were fed with Alcon Colours fish feed® crushed 
and the addition of food was performed when necessary 
(depending on the test – see below). The experiments were 
observed daily, with the annotation of the development of 
larval stages until the metamorphosis of the pupa and/or the 
death of the individual.

Experiment 1: Larvae development in different food 
concentrations. In this experiment, three plastic pots 
were used with 20 larvae in stage L1. This experiment was 
carried out in duplicate, obtaining a total of 40 larvae for 
each condition analyzed. The pots were kept in the same 
temperature and luminosity conditions. In pot 1 - 2 mg of 
food was added, in pot 2 - 4 mg of food was used and finally 
in pot 3 - 8 mg of food were added.

Experiment 2: Development of larvae at different 
temperatures. For this experiment the pots were kept in 
BOD at the different temperatures analyzed. This experiment 
was carried out in duplicate, obtaining a total of 40 larvae 
for each condition analyzed. Pot 1 was kept at a constant 
temperature of 18 °C (low), pot 2 at constant temperature 
of 25 °C (ideal) and pot 3 at constant temperature of 31 
°C (high). The larvae were fed with 4 mg of fish feed and, 
whenever necessary, the same concentration was added in 
all pots.

Experiment 3: Development of larvae at different pH 
values. The three containers were kept in different pH 
ranges: pot 1 – pH = 3.0 (acid), pot 2 – pH = 6.0 (control) 
and pot 3 – pH = 8.0 (alkaline). The water pH was adjusted 
using hydrochloric acid 1 M or sodium hydroxide 1 M. The 
pHs were measured and adjusted every day as aid of pH 
indicator tapes. This experiment was carried out in duplicate, 
obtaining a total of 40 larvae for each condition analyzed.

Experiment 4: Development of larvae in different 
conditions of luminosity. For luminosity control, the pots 
were kept in B.O.D and at a controlled temperature of 25°C. 
The experiment was carried out in duplicate with 20 L1 larvae. 
Pot 1 was left with light access throughout the experiment, 
pot 2 was used the photoperiod with control of 14 hours of 
dark (D) and 10 hours light (L) and, pot 3 was kept without 
light throughout the analyzed time. Food replacement was 

performed every two days or when necessary, with 4 mg of 
fish feed.

Statistics. The values obtained were plotted in a spreadsheet 
in the Microsoft® Excel program, and later the data were 
analyzed in the R Statistical System (R Core Team 2015), where 
survival was analyzed using a nonparametric distribution 
with Weibull test to verify the significance of the results.

RESULTS AND DISCUSSION

Several studies carried out on different insects and, 
particularly in mosquitoes, show that some factors interfere 
in the development, slowing, accelerating and even causing 
the death of some individuals. One of the main parameters 
affecting larval development and food availability. Figure 
1 shows a direct relationship between the amount of 
food available and larval development until its pupa 
metamorphosis. At the concentration of 8 mg of available 
food (gray line) all pupae were obtained on the eighth day 
after experimental initiation. At the concentration of 2 mg of 
food it was not possible to observe the metamorphosis of all 
larvae until the end of the experimental period (red line). The 
curve most consistent with larval development for A. aegypti 
described in nature was observed using 4 mg of available 
food (dashed line).

Figure 1. Food availability influence offered to Aedes aegypti larvae. 
Red line: 2 mg - food; Dashed line: 4 mg – food and Gray line: 8 mg 
– food.

Result obtained by us in the survival test for food 
concentration corroborates with another works utilizing 
another mosquitoes (Gimnig et al. 2002; Yee et al. 2004; 
Yoshioka et al. 2012; Steinwascher 2018). Studies conducted in 
A. albopictus (Yoshioka et al. 2012) and Anopheles gambiae Giles 
(Yoshioka et al. 2012) showed that the lower amount of food 
and the increase in larvae density slow the development of 
larvae. 

Another important factor that modifies the speed in the 
development of larvae is temperature. The results obtained 
for the temperature tests (Figure 2) showed that there was 
statistical difference between the parameters analyzed 
(P=2.816x10-19). The graph shows a higher delay in larva 
metamorphosis to pupa at lower temperature (19 ºC - red 
line) compared to the other temperatures analyzed (25 °C 
– dashed line/ 30 °C - gray line). Studies conducted in the 
laboratory using temperature gradient showed that the 
larval and pupal period is lower the higher the temperature 
(Bar-zeev 1958; Calado & Silva 2002; Couret et al. 2014). Our 
results are in accordance with the described by these authors 
(Figure 2), except in the highest temperatures studied. Bar-
zeev (1958) in his work with A. aegypti analyzed the mean 
development time in each larval stage (L1-L4) and in pupae 
in 8 temperature conditions (between 16 °C to 38 °C). He 
noted that the greatest differences in the development of 
juvenile stages up to the adult insect occurred between 16-
28 °C. At the highest temperatures (30 - 38 °C) the average 
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time was closer. A study conducted in A. albopictus showed 
no significant difference in the development time of larvae 
and pupae at three different temperatures (25 °C, 30 °C and 
35 °C) (Monteiro et al. 2007).

Figure 2. Temperature influence on the development of Aedes 
aegypti larvae. Red line: 19 °C; Dashed line: 25 °C and Gray line: 30 °C.

The pH values in aqueous environment may vary due to the 
influence of several factors, such as temperature, carbon 
dioxide concentration, dissolved organic matter, etc. Water 
pH also interferes with the proliferation of microorganisms 
that can be used as a feeding source for mosquito larvae. 
All larvae that were submitted to the most acidic pH (pH = 3) 
died after 24 h. The other data obtained at pH 6 and pH 8 are 
expressed in Figure 3, which showed a statistical difference 
(P=1.417x10-5) between them. We can observe (Figure 3) that 
in pot 2 (pH = 6 - red line) presented faster development 
when compared to pot 3 (pH = 8 - dashed line). 

Figure 3. pH influence on the development of Aedes aegypti larvae. 
Red line: pH: 6.0; Dashed line: pH: 8.0.

Our results corroborate studies conducted on larvae of 
mosquitoes of the genus Aedes (Paradise & Dunson 1997; 
Clark et al. 2004; Lopez et al. 2011). It has been described that 
more acidic pH (equal to 4) interferes in the development 
of mosquito larvae, significantly increasing their mortality 
(Paradise & Dunson 1997; Lopez et al. 2011; Clark et al. 2004) 
observed that larvae of A. aegypti present great tolerance 
in pH variations, but at pH equal to 3 or 12, obtained 100% 
mortality. Dantas (2011) the pH of water directly interferes 
in the development of the mosquito affecting from its 
weight to its survival, and acidic pHs cause death or harmful 
physiological effects on the development of insects, due to 
favoring the proliferation of bacteria harmful to A. aegypti. 
Clark et al. (2004) also observed that larvae of A. aegypti in 
an environment with neutral pH undergo metamorphosis for 
pupa faster than in a basic environment, with no statistically 
significant difference in the total development time in acidic 
or basic environments. 

The exposure of insect larvae to luminosity can affect their 
development in several ways causing their delay (diapause) 
(Way et al. 1949; Saunders 2014), modifying its longevity 
(Chocorosqui & Panizzi 2003), altering reproduction through 
the development of ovarian follicles (Sanburg & Larsen 
1973; Reznik & Vaghina 2011), influencing the flight capacity 
(Aslam et al. 1994), among others. Analysis performed for 

the influence of luminosity (Figure 4) showed a statistically 
significant difference between the development of pot 2 
with photoperiod (P=0.0282152), when compared to pot 1 
(light) and pot 3 (dark). Interestingly, pots 1 and 3 showed 
no statistically significant difference. Our results showed 
that the larvae of A. aegypti tolerate large differences in the 
photoperiod, ending larval development until pupa in all 
trials performed. Consoli & Oliveira (1994) state that some 
mosquito species do not end their development in the 
absence of luminosity, although most mosquito species 
studied can develop in complete darkness.

Figure 4. Photoperiod influence on the development of Aedes aegypti 
larvae. Red line: dark (D); Dashed line: photoperiod (14 h D/ 10 h L) 
and Gray line: light (L).

The influence of photoperiod on mosquitoes is better studied 
in Culex quinquefasciatus (Sanburg & Larsen 1973; Ukubuiwe et al. 
2017; Ukubuiwe et al. 2018) and in A. albopictus (Yee et al. 2012; 
Costanzo et al. 2016). In A. aegypti there were no statistically 
significant changes for survival, fecundity and body size 
(Costanzo et al. 2016), however, the photoperiod interferes 
with the hematophagous habit of females and may increase 
their vector capacity (Costanzo et al. 2015). Garzón et al. (2021) 
showed that larvae of A. aegypti present slower development 
when exposed to shorter luminosity time (8 h - light) 
compared to those exposed to more time with light (16 h - 
light). Our results also showed a delay in development when 
the larvae were submitted to total darkness in relation to the 
one with a photoperiod of 10 h light and 14 h dark. Although 
we have not found studies that have submitted larvae of 
A. aegypti to extreme conditions as we performed (larval 
development totally in the dark or in clarity), larvae of Culex 
quinquefasciatus Say (Ukubuiwe et al. 2017) submitted to these 
conditions showed differences in their development, a result 
that differs from the data obtained by us. This is probably 
due to different species mosquitoes which inhabit different 
biological niches and have different biological aspects.

Our study showed that all parameters analyzed interfered in 
the development of A. aegypti larvae. The amount of food and 
temperature have already been described in several other 
classes of insects as one of the most important factors for 
the development of arthropods. Luminosity and pH were 
poor studied in mosquitoes. The results obtained in our work 
showed that the larvae of A. aegypti develop independent of 
luminosity and that the medium with acid pH significantly 
slows the development of mosquitoes and can be used as 
one of the ways to eliminate larvae in artificial breeding 
sites, found mainly in urban environment. Alkaline pH also 
interferes with development by slowing it down compared 
to control.
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