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Introduction: The hatching rate of mosquito eggs can vary according to their

biological characteristics and environmental adaptations. Some species produce

more resistant eggs, while others are more sensitive and require particular

conditions to trigger hatching. Understanding how repeated contact with

water influences the mosquito life cycle is critical for the integrated

management of these vectors of etiological agents.

Methods: Mosquito eggs were collected using 10 ovitraps placed in a forest

remnant in the municipality of Uruaçu, state of Goiás, Brazil, during the rainy

season in 2023. The egg-laden paddles were subjected to 27 weekly water-

immersion cycles in the laboratory.

Results:Of the total eggs collected, 157 hatched and 136 reached the adult stage,

representing four species. Aedes albopictus and Haemagogus leucocelaenus

hatched after the first immersion, while Haemagogus janthinomys hatched

between the 23rd and 25th immersions, and Aedes terrens hatched by the 26th

immersion. The sex ratio of Ae. terrens showed a predominance of females (N =

72; 56.25%) over males (N = 56; 43.75%). Additionally, females required fewer

immersion cycles to hatch compared to males.

Discussion: The impact of multiple water immersions on egg hatching varied

among species, particularly for Ae. terrens andHg. janthinomys, which required a

greater number of immersions to hatch. These results provide valuable insights

into the mosquito biology and carry important implications for public health,

given the role of these species as vectors of pathogens.
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1 Introduction

The development process of culicid eggs is subject to

environmental conditions, particularly temperature and rainfall

(1). The biological characteristics of a given species play a

significant role in this process, enabling the development of

various adaptations that increase its chances of survival and

reproduction in different environments (2). These adaptations

include egg diapause (3, 4), characterized by a temporary

suspension of hatching after embryonic development has

completed, a natural phenomenon in mosquitoes that lay their

eggs outside of water. In mosquitoes of the tribe Aedini, egg

diapause usually ends with the first immersion in water,

representing the first contact of the egg with a larval habitat, as

observed for Aedes aegypti (Linnaeus, 1762). However, for other

species, the eggs may require additional water immersions to hatch

(5, 6). In the case of Haemagogus janthinomys Dyar, 1921, adult

densities increase up to two months after the beginning of the rainy

periods, as the species’ eggs depend on rainfall but may need various

immersions to hatch (7). Although the regulation of hatching

deadline is known to vary across populations of the same species,

as well as between sexes and among eggs from the same female (8,

9), it is understudied in mosquito species of the tribe Aedini,

including those of the genera Aedes and Haemagogus.

Factors such as temperature and photoperiod can temporarily

influence this suspension (10), as they are linked to the seasonality

mosquitoes experience, including shorter days in certain seasons

and extreme temperatures (11, 12). Therefore, it is essential to

recognize that depending on the region, different species may

undergo diapause induced by one or both factors. For instance,

Aedes albopictus (Skuse, 1894) populations in South America,

particularly in Brazil, may enter diapause in the southern part of

the country (13).

The effect of multiple water immersions on egg development in

immature mosquito forms can significantly impact the ecology and

epidemiology of these insects, influencing their abundance and

distribution (14). Insect vectors maintain a strong relationship

with hydroclimatic environmental factors. Under specific

temperature and rainfall conditions, these abiotic factors can alter

the periodicity of blood feeding, longevity, and fecundity in Aedes

females and similarly affect pathogenic agents and vectors (15, 16).

Among these is Ae. albopictus, a natural vector of Zika virus (ZIKV)

(17), which is also able to transmit dengue, yellow fever, and West

Nile viruses in laboratory studies (18, 19). Species of the genus

Haemagogus, which include vectors of the sylvatic yellow fever virus

(20) such as Hg. janthinomys and Haemagogus leucocelaenus (Dyar

& Shannon, 1924), can produce eggs highly resistant to desiccation

(21). These eggs can hatch at the end of the rainy season, as observed

for Hg. janthinomys (22); they are found at various heights, and in

different natural or artificial habitats (23). Haemagogus janthinomys

is the primary vector in the transmission of the wild yellow fever

virus (YFV) and is almost exclusively found in rainforest

environments. This species is active during the day and frequents
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the tree canopies to oviposit and feed on non-human primates.

However, its behavior in inhabiting the tree canopy is somewhat

variable (6, 21, 24). In the forest environment, the population

abundance of this species is up to six times greater during the

rainy season compared to the dry season (7). The ecological behavior

of inhabiting the tree canopy has also been observed for Aedes

terrens (Walker, 1856) (25, 26), a species that is competent at

transmitting strains of the chikungunya virus (CHIKV) circulating

in the Americas (28).Haemagogus janthinomys and Ae. terrens affect

public health, with their activities in forests representing a potential

risk factor for human populations living near forest fragments (24).

Therefore, understanding the factors that influence the ecology and

behavior of these mosquitoes in their natural habitat is crucial for

designing strategies to control and prevent outbreaks of yellow fever

and chikungunya, especially in forest regions and their transition

zones to urban areas.

Considering their importance in pathogen transmission,

analyzing how repeated immersions of eggs in water affect the

mosquito development cycle is essential to understanding their

hatching behavior. In addition to improving our understanding of

the reproductive dynamics of these species, this knowledge can help

implement more effective control strategies. In this context, we

evaluated the effect of multiple water immersions on the hatching of

male and female Aedes and Haemagogus eggs collected in a forest

environment. Our study allowed us to identify possible variations in

hatching behavior between species, which can help to anticipate

outbreaks and implement targeted actions in risk areas.
2 Materials and methods

2.1 Ethical statement

The permanent license for the collection, capture, and

transportation of zoological material was granted by the Instituto

Chico Mendes de Conservação da Biodiversidade (ICMBio)

through the Biodiversity Authorization and Information System

(SISBIO) under the permit 84318-3. All members of the collection

team were vaccinated against yellow fever.
2.2 Study area

The sampling area is located at Fazenda Pau Terra (14° 05’ 38.5”

S; 48° 59’ 51.3” W) in the municipality of Uruaçu, state of Goiás,

Brazil, in the Cerrado biome. The area features a gallery forest that

follows small streams, forming a closed corridor over the

watercourse, with tree canopies ranging between 20 and 30

meters in height. According to the Köppen classification, the

climate is tropical with dry winter (Aw). The monthly

temperature ranges from 21.7 to 25.8°C (mean ± standard

deviation = 24.1 ± 1.4), with an annual precipitation of 1,786

mm, 94% of which occurs between October and April (28).
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2.3 Mosquito egg collection and rearing

Mosquito eggs were collected from 4 January to 20 April 2023

during the rainy season (Figure 1). We used 10 ovitraps placed on

tree trunks at a height of 1.5 m above the ground and spaced

approximately 5 meters apart. Each ovitrap consisted of a 1-L matte

black container and four plywood vanes (Eucatex® pallets, 2.5 cm x

14 cm) secured vertically with clips. Subsequently, all pallets were

removed, properly labeled, and sent to the Diptera Laboratory at the

Instituto Oswaldo Cruz for immersion.

In the laboratory, we counted the number of mosquito eggs on

each paddle and then allowed them to dry at a room temperature of

27°C for 48 hours. The immersion process consisted of 27 separate

water contacts with the eggs, each occurring on a weekly basis. The

eggs were placed in 300 mL polyethylene containers, along with the

paddles, and filled to one-third with dechlorinated water in a

Biochemical Oxygen Demand (BOD) incubator (Eletrolab, São

Paulo, Brazil) with accurate temperature and relative humidity

control for three days, maintaining a temperature of 27°C,

relative humidity between 75 and 90%, and a 12-hour photoperiod.

The hatched larvae during the immersions were counted and

transferred to polyethylene containers kept inside adapted cages.

They were fed twice a week with fish food at a ratio of 0.150 g per 10

mL of water until reaching the pupal stage, when adult emergence

occurred. Containers with unhatched eggs had the water discarded

and were removed from the incubator for approximately 72 hours

before the next immersion cycle to allow embryonic development

to progress.

Adult specimens were identified using dichotomous keys

developed by Lane (29), Consoli and de Oliveira (2), and

Forattini (6). Abbreviations for the generic names follow Reinert

et al. (30). After species identification, all specimens were added to

the Entomological Collection of the Instituto Oswaldo Cruz, Brazil.
2.4 Data analysis

We employed a descriptive analysis to quantify the minimum

number of water immersions required for egg hatching of each
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species. Accordingly, we counted the number of eggs per species in

each 3-day immersion instance from the first to the twenty-seventh.

To compare the egg hatching between female and male

individuals of Ae. terrens, we employed a statistical analysis. This

analysis was limited to Ae. terrens because it was the only species

with a sufficient sample size. Since our data are in the form of time-

to-event, where egg hatching is the ‘event’ and the number of 3-day

water immersions is the ‘time’ when the event occurs, we performed

a survival analysis (31). To estimate the probability of egg hatching

as a function of the number of 3-day immersions, we generated

Kaplan–Meier survival curves (31) without censoring because it was

only possible to identify individuals to the species level that reached

adulthood – that is, eggs that successfully hatched. Next, we applied

the log-rank test to compare the Kaplan–Meier survival curves of

female and male individuals of Ae. terrens (31). A statistical

difference between the two curves (P < 0.05) indicates that the

proportion of eggs hatched accumulates quicker for either female or

male individuals, thereby requiring a fewer number of 3-day

immersions to hatch all the eggs submitted to the experiment.

All analyses were performed in the software R version 4.3.2 (32),

using the packages ggplot2 (33) and survminer (34) for data

visualization, and the package survival (35) for the survival

analysis and the log-rank test.
3 Results

A total of 739 eggs were counted, of which 530 had already

hatched on the paddles. The remaining 209 eggs, counted on the

paddles from the 10 ovitraps, underwent the immersion process,

resulting in 157 larvae hatching. Of these, 136 reached adulthood

and were distributed as follows: Ae. terrens (N = 128; 94.12%), Ae.

albopictus (N = 4; 2.94%), Hg. janthinomys (N = 2; 1.47%), and Hg.

leucocelaenus (N = 2; 1.47%). Aedes terrens was present in 6 of the

10 traps, Ae. albopictus in 2, and both Hg. leucocelaenus and Hg.

janthinomys in 1 (Figure 2).

Aedes terrens had the highest number of individuals identified

in the immersions where egg hatching occurred, except during the

25th immersion when only Hg. janthinomys hatched. Aedes terrens

eggs hatched in 13 out of 27 immersions, while Hg. janthinomys

hatched in 2 immersions, and both Ae. albopictus and Hg.

leucocelaenus hatched in a single immersion (Figure 3). Aedes

albopictus and Hg. leucocelaenus eggs hatched during the first

immersion, whereas Ae. terrens exhibited hatching viability up to

the 26th immersion. The viability of Hg. janthinomys eggs was

observed between the 23rd and 25th immersions to which they were

subjected (Figure 3).

The effect of multiple water immersions on egg hatching varied

among species, particularly for Ae. terrens and Hg. janthinomys.

These two species likely entered diapause or quiescence and

required a greater number of immersions to hatch. This led to a

significant increase in Ae. terrens individuals during the 23rd

immersion, coinciding with the first hatching of Hg. janthinomys.

Regarding the total number of Ae. terrens eggs that hatched and

reached adulthood (n = 128), 72 (56.25%) were female individuals
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FIGURE 1

Climatogram depicting the monthly average temperature and the
monthly total precipitation for Uruaçu, state of Goiás, Brazil,
showing the marked seasonal variation in precipitation. Data from
Alvares et al. (26).
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and 56 (43.75%) were male individuals. When comparing hatching

across immersion events, female eggs required a smaller number of

immersions than male eggs (Log-rank: c2 = 5.79; P = 0.016;

Figure 4). Accordingly, two immersions were necessary to hatch

50% of the female eggs (95% CI = 1–7 immersions), and seven for

male eggs (95% CI = 2–14 immersions).
4 Discussion

Evaluating the hatching rate of mosquito eggs collected in the

wild after multiple water immersions is a crucial aspect of

entomological research, providing valuable insights into the
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ecology and reproductive biology of these insects. Additionally, it

offers important epidemiological information, enabling the

assessment and development of control measures for scenarios

that may lead to an increase in the number of individuals of

certain vector species, depending on the varying water contact

requirements of their eggs (36).

Although it does not fully replicate field conditions, assessing

hatching rates in a controlled environment represents a

methodologically effective approach, as it allows for the isolation

of the central factor under investigation in this study—namely, the

repeated exposure of eggs to water—while eliminating potential

interference from external environmental variables. Maintaining

constant temperature (27°C), relative humidity (75–90%), and

photoperiod (12:12 hours) ensures that environmental

fluctuations, which could directly influence embryonic activation

and hatching time, do not affect the results obtained. This

experimental standardization is particularly important in studies

involving species capable of entering diapause or quiescence, as

observed in various representatives of Aedes and Haemagogus, for

which inappropriate environmental stimuli (such as extreme

temperatures, low humidity, or shortened photoperiods) may

delay or inhibit hatching even after exposure to water (37, 38). By

controlling these variables, the data more clearly reflect the direct

effect of multiple water immersions on the breaking of

egg dormancy.

Furthermore, although the hatching patterns observed in the

laboratory are obtained under controlled conditions, they are

consistent with behaviors documented in natural environments,

provided that environmental conditions fall within the

physiological tolerance range of the species studied. Therefore, the

approach adopted here enables not only a more precise
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Species by ovitrap abundance matrix showing the number of
individuals that hatched during the water immersion procedure. Ten
ovitraps were placed in a forest remnant located in Uruaçu, state of
Goiás, Brazil, of which six contained mosquito eggs that reached
adulthood and were identified in the laboratory.
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understanding of the hatching mechanism but also provides

meaningful insights applicable to natural ecological settings.

In a study conducted in a forest remnant of the Atlantic Forest

in the Brazilian state of Rio de Janeiro, Silva et al. (39) reported that

eggs collected from Ae. albopictus mostly hatched during the first

immersion in water, with a minority of eggs requiring a maximum

of two immersions to hatch. However, despite normally requiring

only a few immersions to hatch, eggs of Hg. leucocelaenus and Hg.

janthinomys exhibited installment hatching up to the 22nd and 37th

immersion, respectively. Similar results were found for the same

three mosquito species in the same study region (9). However, in

the present study, Ae. terrens did not show a continuous decrease in

the number of hatchings across immersions as previously reported

(9, 40). Instead, it showed unexpectedly delayed egg hatchings, with

a second peak in the number of hatchings at the 23rd immersion,

indicating that Ae. terrens may sustain viable eggs over

extended periods.

The delayed hatching of Hg. janthinomys demonstrated the

necessity for multiple water immersions for successful hatching,

distinguishing it from the other three species studied. Despite Ae.

terrens experiencing hatchings after multiple water immersions, its

highest peak occurred after the first immersion. The unique

hatching behavior of Hg. janthinomys potentially enables the

prolonged maintenance of the wild yellow fever virus

transmission cycle due to the robustness of its eggs and the

presence of transovarial transmission.

Galindo et al. (41) reported that Hg. janthinomys eggs are

resistant to desiccation and only hatch after a prolonged period of

inactivity and repeated contact with water. The total duration of the

development cycle varies according to abiotic factors such as

temperature. The prolonged hatching viability is also documented

in Alencar et al. (14), who evaluated the effect of various water

immersions on the eggs of Hg. janthinomys from a forest remnant

located in Linhares, state of Espıŕito Santo, Brazil. These authors

noted that the eggs started hatching during the first immersion,

with the last hatching recorded at the 16th immersion.

Likewise, Silva et al. (9, 39) observed egg hatching from the first

immersion, diverging from our observations since Hg. janthinomys

required a greater number of immersions to achieve egg hatching

compared to what was observed in the Atlantic Forest.

Egg hatching also seems to be related to the influence of climatic

variations. The presence of water, combined with suitable

temperature and humidity conditions, seems to be fundamental

to triggering this process. Conversely, there is evidence of specific

differences between species, which supports the hypothesis that

each species may respond differently to these environmental

stimuli (42).

Galindo et al. (41) suggested two distinct patterns of hatching

behavior in some Haemagogus species. In the case of Haemagogus

equinus Theobald, 1903, eggs hatch on first contact with water and

continue to hatch on subsequent contacts for a prolonged period

until all viable eggs have hatched. In contrast, Hg. janthinomys and
Frontiers in Tropical Diseases 05
Haemagogus capricornii Lutz, 1904 show a different behavior, in

which hatching occurs after the third contact with water. These

differences in hatching behavior result in significant discrepancies

in the abundance of specimens throughout the year. In the first case,

the number of Hg. equinus specimens tend to increase at the start of

the rainy season due to the rapid response to humidity. For Hg.

janthinomys and Hg. capricornii, the abundance of specimens only

reaches maximum values after a few months of exposure to water,

indicating that there is a slower or more specific physiological

response to prolonged environmental stimuli. These differences

may reflect distinct adaptations to the climatic and ecological

conditions of the regions in which these species live. Therefore,

understanding these variations in hatching behavior is fundamental

to predicting the population dynamics and spread of mosquitoes,

especially concerning disease transmission.

When evaluating the sex ratio between females and males of

medically important mosquito species from the Atlantic Forest, Silva

et al. (9) found a sex ratio skewed toward males for Ae. terrens in

relation to the total number of individuals hatched after multiple water

immersions. In contrast, for the eggs we collected in the Cerrado, we

found a higher proportion of females in all immersions except the last

one, as all female eggs had already hatched due to the higher hatching

rate of females compared to males (9). Regarding Ae. albopictus, Silva

et al. (9) found more females than males, whereas Lounibos and

Escher (43) reported no difference in the proportion of females and

males collected in tree holes in Vero Beach, Florida, United States of

America. Taken together, these results indicate that Aedes species can

exhibit similar proportions of females and males (Ae. albopictus, 43), a

female-biased ratio (Ae. albopictus, 9; Ae. terrens, this study), or a

male-biased ratio (Ae. terrens, 9). Thus, the sex ratio appears to vary

among Aedes species and, for the same species, between different

collection sites. The instances where the proportion of females exceeds

that of males are particularly important for public health, as only

female mosquitoes engage in blood-feeding.

The species identified in our study hold significant

epidemiological importance for the transmission of arboviruses.

Haemagogus species are primary vectors of the yellow fever virus in

Brazil (20), while Ae. albopictus is recognized as a natural vector of

the Zika virus (ZIKV) (17). Additionally, Ae. terrens has been

shown to transmit the chikungunya virus in experimental settings

(27). Among the four species recorded in the ovitraps we placed in

the Cerrado, Ae. terrens was the most pervasive, abundant, and

dominant compared to the other species present in the same

ovitraps. Differently, in two studies carried out in the Atlantic

Forest, Ae. terrens was the third most abundant of the four species

we recorded, representing only 15% of the total number of

individuals (9), and it was never recorded in another yet similar

study (39). This shows that the prevalence of medically important

mosquito species varies across biomes, implying that the species

posing greater health concerns are likely to differ even when

considering both the same habitat type (i.e., forest remnants) and

species pool.
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doi: 10.1590/S0085-56262002000100011

16. Confalonieri UEC. Variabilidade climática, vulnerabilidade social e saúde no
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estado do Rio de Janeiro, Brasil: II. Distribuição vertical. Memórias Do Inst Oswaldo
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