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ABSTRACT: The objective of this study was
to provide new insights on the egg-to-adult
biological cycle and hatching rate of eggs of
Haemagogus leucocelaenus, a species that
transmits wild-type yellow fever in Brazil.
Eggs were collected using oviposition traps,
“ovitraps,” in a fragment of the Atlantic
Forest in Rio de Janeiro, Brazil, in October
(Experiment 1) and November (Experiment
2),2015. Thereafter, the eggs were subjected
to 16 immersions, to test hatching rate and
evaluate the average development time. Hg.
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leucocelaenus individuals kept in a climate-
controlled chamber (28° + 1°C) showed an
average development period of 10.44+0.70
d, from the start of larval stage to adulthood.
Immersion viability was 49.8% and 18.2%
for Experiments 1 and 2, respectively.
In both experiments, the hatching peak
occurred during the first immersion,
where 26% and 15% of eggs hatched in
Experiments 1 and 2, respectively. These
results provide new insights into the biology
of Hg. leucocelaenus.
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The genus Haemagogus (Williston,
1896) includes 28

distributed throughout Central and South

species, broadly
America. Some species of Haemagogus
are important in transmitting yellow
fever and Mayaro viruses. In addition,
the mosquitoes may play a role in the
transmission of dengue fever virus
(Marcondes and Alencar, 2010).
Haemagogus leucocelaenus (Dyar
& Shannon, 1924) is a diurnally active
forest species, whose preferred habitat is

tree crowns (Forattini et al., 1988; Chadee
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et al.,, 1995). Its geographical distribution extends from Trinidad to southern Brazil and
northern Argentina, and the species has been identified as a primary vector of wild-type
yellow fever in southeastern Brazil. This species has gained increasing notoriety owing to
its medical significance in transmitting other arboviruses (Arnell, 1973), especially when
serotype 1 infections of dengue virus started to be reported in the state of Bahia, Brazil
(Figueiredo et al., 2010).

The resistance of Hg. leucocelaenus eggs to desiccation allows them to survive in
harsh conditions. Culicidae include a number of genera with eggs that are highly resistant
to dry periods, such as Aedes (Meigen, 1818), Ochlerotatus (Lynch Arribalzaga, 1891),
Psorophora (Robineau-Desvoidy, 1827), Haemagogus (Williston, 1896) and Opifex (Hutton,
1902), (Clements, 1992; Juliano and Lounibos, 2005). In contrast, genera that complete their
larval stage in temporarily flooded environments such as tree hollows or cut bamboo are
susceptible to humidity fluctuations and desiccation. Thus, desiccation resistance improves
reproductive success (Vinogradova, 2007). In addition, it is known that mosquito species
with drought-tolerant eggs are more widely dispersed. Therefore, desiccation resistance in
eggs has enabled species of Culicidae to expand their ranges into previously uninfested
geographical regions. This important ecological attribute has implications for dispersion and
transmission of mosquito-borne illnesses such as yellow and dengue fever, among others
(Juliano and Lounibos, 2005).

With the objective to provide new insights into the egg-to-adult development of Hg.
leucocelaenus, this study provides data on egg hatching rates, average development time,
and mortality indices from the initial larval stages to eclosion of adults.

METHODS

Description of the study field

The populations studied came from Campus Fiocruz da Mata Atlantica (CFMA),
which covers an area of approximately 500 hectares, located in the western zone of the
municipality of Rio de Janeiro, State of Rio de Janeiro, S 22°56’ and W 043°25’. The western
portions of the campus consist of a nature reserve, harboring a secondary forest dominated
by vegetation typical of the Atlantic Forest (‘Mata Atlantica’) in Brazil. The specific vegetation
cover-type of this forest is classified as Dense Ombrophilous Forest. A wide diversity of
wild animals inhabit the reserve, including nonhuman primates, sloths (Folivora), snakes
(Ophidia), opossums (Didelphimorphia), armadillos (Cingulata), lizards (Sauria), toucans
(Piciformes), and parrots (Psittaciformes). Most of these animals are sometimes observed
in surrounding inhabited areas (Fiocruz, 2010).

Eight biotopes have been described in the campus area: Atlantic forest (secon-
dary forest located above 100 m elevation), forest undergoing regeneration (secondary,
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arboreal, and dense forest), patches of trees (shrubby, arboreal vegetation), subsistence
cultivation areas, pasture or weed-dominated areas (grass, some shrubs, and small trees),
rocky outcrops, forested wetlands (tree groupings with possible flooding), and urbanized or
deforested areas (sparsely vegetated and developed areas) (Fiocruz, 2010).

Collection and processing of eggs

Following the methodology proposed by Silver (2008), eggs were collected with
ovitraps made from an uncovered, 1-L matte black pot with four pieces of Eucatex hardboard
(2.5 cm x 14 cm), attached vertically to the inside of the trap with “CLIPS.” Water and leaf
litter were put in the pot with the intention of mimicking natural egg-laying habitat (Fay and
Perry, 1965; Fay and Eliason, 1966). The traps were randomly installed, at a height of 1 to 8
m from ground level, placed in the forest and monitored throughout October and November
of 2015. The hardboard was replaced every two weeks. The collected hardboard was
identified relative to its location, numbered sequentially, and then transported in a humidified
chamber to the Diptera Laboratory of the Oswaldo Cruz Institute.

Positive cardboards, i.e., those containing eggs, were sorted in the laboratory.
The eggs were then counted and immersed in transparent trays containing MiliQ® water.
The trays were then placed in a greenhouse for 3 d with a regulated thermoperiod and
photoperiod: temperature of 28° + 1°C, relative humidity of 75%—90% and photoperiod of 14
h. Next, the eggs were placed on dry trays for approximately 3-4 d outside the greenhouse
and then re-immersed to enable the eggs to successfully reach the end of their embryonic
development stage.

When larvae reached the adult stage, a stereoscopic microscope was used to
examine the morphological characteristics and identify mosquitoes to the species level,
using dichotomous keys of Arnell (1973), Forattini (2002), and Marcondes and Alencar
(2010). After identifying to species, specimens were deposited in the Oswaldo Cruz Institute
Entomological Collection, Fiocruz, entitled: “Mata Atlantica Collection — Rio de Janeiro.”

The eggs from October and November were labeled as “Experiment 1” and
“Experiment 2” respectively. To compare differences in hatching rates by im- mersion, the
Williams (X ) average was used, following the definitions of Haddow (1954; 1960).

In order to observe the average length of the developmental stages of Hg.
leucocelaenus, 20 recently hatched larvae were collected from the CFMA, during the
period when hatching rate was at maximum. The mosquito larvae were then transferred
individually to plastic grow-out containers 3 cm in diameter and 6 cm in height and fed
crushed and sifted fish feed (Tropi-Fish®), applied directly into the water. Daily care was
provided until the adult stage was reached. Statistical data analysis was performed using
the Mann-Whitney test, adopting a signifi- cance level of a = 0.05.
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RESULTS

A total of 875 eggs were collected, of which 323 (36.9%) hatched. Of the 518 eggs
collected in October (Experiment 1), the viability rate was 49.8%, whereas the viability rate
was 18.2% for the 357 eggs collected in November (Experiment 2). However, the difference
between months was not statistically significant (p = 0.06).

The hatching rate of eggs also varied between Experiments 1 and 2. After undergoing
15 immersions, a hatching rate of 26% to 63% was observed in Experiment 1 and 15% to
19% in Experiment 2 (Fig. 1). The cumulative average and the Williams average of the

incubated proportion after the immersions are shown in Fig. 1.
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Fig. 1. Cumulative effect of multiple immersions of eggs of Hg. leucocelaenus specimens collected in
ovitraps at the CFMA, Rio de Janeiro, Brazil, during October and November 2015.

In Experiment 1, the period of peak hatching occurred during the 1st immersion,
when 26% of the eggs hatched, followed by the 4th (15%), 6th (10%), 2nd and 7th (both
4%) immersion. In fact, hatching was detected over 11 immersions, with 2% of eggs
hatching during the last immersion. The hatching peak in Experiment 2 also occurred in
the 1st immersion, with a rate of 15% of eggs hatched, followed by the 2nd (2%), and 5th
(1%) immersion. In general, after the 7th immersion (Experiment 1) and 5th immersion
(Experiment 2), the proportion of hatched eggs declined abruptly (Fig. 2).
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Among the 20 larvae monitored to the adult stage, one died in the 3rd instar and one
in the 4th instar. The 18 remaining larvae completed their life cycles. Among these, 5 were
female and 13 were male. The total developmental period varied between 9 and 11 d, while
the average duration of the cycles was 10.44 + 0.70 d. The duration of each development
stage was as follows: first instar, the average was 1 + 0.00 (1 day); second instar, the
average was 1.17 + 0.38 (1-2 d); third instar, the average was 1.17 + 0.38 (1-2 d); fourth
instar, the average was 3.66 + 0.77 (3-5 d); and pupal stage, the average was 2.44 + 0.86
(1—4 d). The average duration of the life cycle did not reveal a significant difference between

males and females (p = 0.16).
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Fig. 2. Hatching rate by immersion of Hg. leucocelaenus eggs collected in ovitraps at the CFMA, Rio de
Janeiro, Brazil, during October and November 2015.

DISCUSSION

The development of an effective vaccine has been successful in reducing the
incidence of yellow fever. However, despite the fact that this vaccine has been very important
in controlling the disease, data between 1999 and 2009 by the Brazilian national surveillance
system revealed that yellow fever shows a seasonal peak in infections during the Southern
Hemisphere summer. This seasonality is probably related to the fact that mosquito breeding
season peaks in summer, with 93% of cases identified between November and May (Costa
et al., 2010). Thus, studies elucidating the life cycle of Hg. leucocelaenus, considered to be
the principal vector in various yellow fever outbreaks in southern and southeastern Brazil
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(Vasconcelos et al., 2003; Cardoso et al., 2008; Souza et al., 2011), become important for
developing suitable control measures.

Our experiments revealed a total viability rate of 36.9%, a result quite similar to
that (36.7%) reported by Alencar et al. (2014), who considered this hatching percentage
to be conservative. The hatching rate of Hg. leucocelaenus in the present study shows
variation between the two experiments (months) and immersions, although it was not
statistically significant. Results corroborate the observations made by Alencar et al. (2008).
The first immersion was shown to result in the most larvae in both experiments. Alencar
et al. (2014) obtained immersion results similar to ours for Hg. leucocelaenus collected
in April, October, and December. The Alencar et al. (2014) study also observed that the
third immersion in June provided more impressive results when compared with the other
months studied. Although the first immersion was the most successful (highest percentage
of eggs hatched), hatching continued for subsequent immersions, as previously observed
for Hg. leucocelaenus (Alencar et al., 2014) and for Hg. janthinomys (Alencar et al., 2008).
In addition, Campos and Sy (2006) reported that some species require more than one
period of contact with water for larvae to hatch after they have been dormant. The mosquito
egg diapause is defined as a type of hormonally programmed dormancy, which does not
end in an immediate response to favorable conditions. In contrast, quiescence is an induced
dormancy that occurs due to unfavorable environmental conditions which terminates
immediately after the return of favorable conditions (Denlinger and Armbruster, 2014).
The diapause in Aedini eggs generally ends at the first immersion as does Aedes aegypti
(Linnaeus, 1762); however, some eggs may require more than one immersion for hatching
to occur (Clements, 1963). This is known as “installment hatching” (Gillet, 1955), and is
probably a survival strategy of mosquitoes subjected to alternating wet and dry periods
(Andreadis, 1990). The genus Haemagogus is an example of mosquitoes utilizing ephemeral
breeding habitats. Although, in our study, there was an abrupt decline in hatchings after the
seventh immersion, we measured viability after as many as 11 immersions. The influence
of chemical and physiological factors on eggs’ viability enables hatching after one or more
flooding events, deep enough to submerge the eggs. Multiple immersions of Ochlerotatus
albifasciatus eggs (Macquart, 1838) (= Aedes albifasciatus) are affected by the length of
the daylight period and temperature (Campos and Sy, 2006). Similarly, Vitek and Livdahl
(2006) state that, although Ae. albopictus eggs may require various flooding events before
the larvae hatch, the majority hatch during the first two immersions. Thus, eggs of the genus
Haemagogus are able to resist long periods of dry conditions that last up to seven months
in duration, which allows hatching to occur throughout periods of irregular rainfall (Galindo
et al., 1955). The ability of eggs to resist drought and hatch when conditions are more
suitable is relevant for managing the epidemiology of wild-type yellow fever, since the peak
of transmission coincides with the rainy season (Costa et al., 2010), i.e., the season in which
the eggs are exposed to frequent flooding. In addition, it is possible that some eggs are
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not ready to hatch during a particular rainy season, thus ensuring the presence of an adult
population throughout the year.

Forattini (1965) determined that the hatchability of Haemagogus eggs relies on
various factors, such as seasonal variation and oxygen content in supporting aquatic
habitats. Galindo et al. (1951) emphasized that Hg. janthinomys eggs, collected in Panama,
require two weeks of humid conditions in order to develop. However, these results are not
supported by the present study in southern Brazil, in which the development time from
egg to adult lasted, on average, only 10.44 + 0.70 d. Alencar et al. (2008) reported studies
showing that the Hg. janthinomys life-cycle was completed in 12.40 +0.82 d, demonstrating
that development time differs among species of the same genus. A rapid development cycle
could also improve the transmissibility of yellow fever, since the shorter life cycle tends to
increase the vector’s density. Therefore, some life-cycle strategies elucidated in the present
study, such as the longevity of Hg. leucocelaenus eggs, the capacity of their eggs to remain
in a quiescent state for long periods, and the rate at which new generations are produced,
are likely be important in facilitating disease transmission by this species, especially wild-
type yellow fever.

By more thoroughly characterizing the biological cycle and hatching rate of Hg.
leucocelaenus, as presented here, we hope to contribute new insights into the biology of the
species that can be applied toward developing monitoring programs, reducing transmission
rates of mosquito-borne diseases, and possibly assist in the development of more efficient

eradication strategies.
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