SHORT COMMUNICATION

Laboratory Colonization of Anopheles aquasalis (Diptera: Culicidae)
in Belém, Pará, Brazil
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ABSTRACT Anopheles aquasalis Curry, a coastal malaria vector with a Neotropical distribution, was
collected from Belém, Pará state, Brazil, and 500 adults per cage were maintained at the Instituto
Evandro Chagas insectary at 26 Ð30⬚C and 80 Ð90% RH, where they fed on a 10% domestic sugar solution
and blood from white mice. Oviposition of the parental generation (P) occurred in fresh water in dark
cups introduced into mosquito cages. After eclosion, 100 larvae per pan were reared in artesian well
water (salinity 0.04 g liter⫺1) and fed ground Þsh food until pupation. After force mating in the F1
generation, the eight subsequent generations were free mating. Mean larval mortality was ⬍1%, and
the mean developmental time from eclosion to emergence was 7.7 d (F1), 7.6 d (F2), 8 d (F3), and
7.5 d (F4). The maximum daily production of pupae (from the fourth generation on) occurred on day
6 postoviposition.
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Anopheles aquasalis Curry, a Neotropical species with
a coastal distribution as far north as Nicaragua and as
far south as southeastern Brazil on the Atlantic coast
and Ecuador on the PaciÞc coast (Faran 1980, RubioPalis and Zimmerman 1997) is the only member of the
Nyssorhynchus subgenus that normally breeds in saltwater. Its involvement in malaria transmission is signiÞcant in coastal areas from Venezuela (Berti et al.
1993) to southeastern Brazil (Fleming 1986, reviewed
in Lounibos and Conn 2000). In Belém, it was Þrst
incriminated as a malaria vector by Galvão et al.
(1942), and its status was recently reevaluated and
conÞrmed by Póvoa et al. (2003).
Colonies of mosquitoes have provided basic information on taxonomic (Forattini 1962), genetic, and
hybridization studies (Coluzzi 1964) and have been
useful in assessing comparative susceptibility to Plasmodium parasites (González-Ceron et al. 1999, Rodriguez et al. 2000). The lack of successful free-mating in
some anopheline colonies has been a limiting factor to
colony maintenance (Klein et al. 1990, but see Horosko
et al. 1997, Villarreal et al. 1998, de Carvalho et al. 2002).
The current study presents the Þrst successful colonization of several generations of free-mating An. aquasalis in
freshwater, in Amazonian Brazil.
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Materials and Methods
Rearing Conditions for Colony Establishment.
Thirty months was needed to determine all the appropriate rearing conditions for colony establishment,
including exposure to sunlight, type of sugar for adult
feeding, and type of animal used for blood feeding.
Both sunlight during the morning and ßuorescent
lights (during daylight) were used for larval rearing.
We reared larvae at a density of 100 larvae per clear
plastic circular pan (diameter 23 cm, height 8.5 cm).
For adult feeding, a 10% solution of honey and a 10%
solution of domestic sugar were tried.
The animals tested for the bloodmeal source for
adult females included suckling, juvenile, and adult
hamsters, white suckling and adult mice, chicks and
hens, and adult quail.
Natural oviposition and very occasionally induced
oviposition (removal of one wing) were used for the
P generation only. Oviposition from F1 on was induced
using small black cups containing a minimal amount of
the water in which the pupae from the previous generation had emerged. The time from oviposition to
hatch was 1 to 2 d.
During larval development, the water was only
changed after the accumulation of considerable debris
either on the water surface or on the bottom of the
pan. Mortality of larvae using our method was extremely low (⬍1%). For the F4 and F5 generations,
larval mortality was 0.6 and 0.5%, respectively.
Adult Collection (P Generation) and Egg Production. The colony was started with female An. aquasalis
collected from humans (by using informed consent
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forms approved by the Instituto Evandro Chagas
[IEC] Ethical Committee on Human Subjects) in 2000
between 1800 and 2100 hours at the Emilio Goeldi
Zoobotanical Park in Belém, Pará state, Brazil. The
wild-caught females (P generation) were maintained
in standard size cages (20 by 20 by 20 cm) in the
insectary at IEC on 10% domestic sugar until they
were identiÞed using the morphological key of
Gorham et al. (1967). Male maintenance was better
using 10% honey compared with 10% domestic sugar.
Insectary conditions were as follows: 26 Ð30⬚C, 80 Ð90%
RH, and photoperiod of 12-h ßuorescent light combined with daylight, followed by 12-h darkness. There
was no crepuscular period. After identiÞcation, females were transferred to double-mesh standard cages
and fed to repletion on anesthetized white adult mice.
On day 3 postblood feeding, small black cups (diameter 5 cm, height 4 cm) lined with Þlter paper (to
prevent egg desiccation) containing ⬇30 ml of well
water were introduced into each cage for oviposition.
Artesian well water from the IEC with a salinity of
0.04 g liter⫺1 was stored in containers for a maximum
of 3 d before use to allow dissolved oxygen to escape.
Free mating did not take place in the laboratory until
after forced-mating of the F1 generation (as in Arruda
et al. 1982).
Larval and Pupal Rearing. After eclosion, larvae
were placed in clear round plastic pans (diameter 23
cm, height 8.5 cm) in ⬇700 ml of well water at a density
of 100 larvae per pan. The pans were placed near the
windows in the insectary for exposure to sunlight. First
and second instars were fed 200 mg of Þnely ground
Tetramin tropical Þsh food per container sprinkled on
the water surface one to two times per day. Third and
fourth instars also were fed 200 mg per container, two
to three times per day until pupation. The decision to
feed two versus three times per day was determined
by water turbidity. Pupae were transferred to disposable plastic cups containing well water and then
placed into empty cages until adult emergence.
Adults (F1 and Subsequent Generations). Five hundred adults per cage were fed exclusively on 10%
domestic sugar on cotton pads until 6 d days after the
last pupae had been placed into each cage, and after
insemination had been veriÞed for each cage by dissection of a small sample of female spermathecae to
detect live sperm. Adult females were then placed on
anesthetized adult white mice for 30 min for a bloodmeal. This took place either early morning or late
afternoon, after the domestic sugar pads had been
removed for 12 h. On the third day postbloodmeal,
small black cups with well water were introduced as
described above for oviposition.
The maximum daily production of pupae (⬇50% of
the total number/cage) took place on day 6 postoviposition. The mean time from eclosion to pupation was
as follows: 7.7 d for F1, 7.6 d for F2, 8 d for F3, and 7.5 d
for F4. The adults normally emerged in 1 to 2 d, and
males emerged before females.
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Results and Discussion

Using these simple, reproducible methods, we
maintained a colony of An. aquasalis through nine
generations. Galvão et al. (1944) described a freemating colony of An. aquasalis maintained for Þve
generations in Rio de Janeiro state, Brazil, by using
time-consuming techniques that are difÞcult to duplicate (e.g., an infusion of Þsh food of unknown concentration for larvae) that resulted in considerable
contamination in the rearing pans and high larval
mortality. They also used saltwater for larval rearing
and had low, irregular egg production. Like Galvão et
al. (1944), we did not systematically observe the time
of copulation inside the cages. However we suggest
that copulation began ⬇2000 hours when we noted
that the males all began to ßy.
For most Neotropical Anopheles, egg-laying takes
place at dawn (de Carvalho et al. 2002). In a study of
An. aquasalis oviposition behavior in Trinidad and
Tabago, Chadee and Mohammed (1996) observed
that oviposition began at 2200 hours and ended at 0600
hours, with a well-deÞned peak from 2400 to 0400
hours. Although we did not monitor the time of oviposition in our colony, we are certain that it took place
overnight, because most mornings we found a large
number of eggs in oviposition cups.
In other studies of anopheline colonization in Brazil
(Klein et al. 1990, Horosko et al. 1997), larval mortality
rates were 10% and 20 Ð30%, respectively, compared
with our rate of ⬍1%. However, it should be noted that
the species colonized were distinctive, although all
were in the Nyssorhynchus subgenus. Nevertheless,
our techniques differed from those of the aforementioned studies, perhaps contributing to the low larval
mortality.
It has been known since the earliest description of
the bionomics of An. aquasalis (Curry 1932) that this
species commonly breeds in saltwater. Despite this
preference, both Galvão et al. (1944) and Deane et al.
(1948) successfully reared An. aquasalis in water with
zero salinity. Natural breeding in freshwater has been
reported in Brazil (Rachou 1958) and in Venezuela
(Berti et al. 1993). In Rio de Janeiro, a colony of An.
aquasalis is being successfully maintained using 10%
saltwater for the larval stage (de Carvalho et al. 2002).
Probably these differences reßect the tolerance of An.
aquasalis to a range of salt concentrations, resulting in its
ability to breed in diverse habitats. We suggest that its
coastal distribution/salt water tolerance has evolved as a
means of avoiding competition with other anophelines
for food during the larval stage (Grillet 2000). The colonization of An. aquasalis at the Instituto Evandro Chagas has already had practical results: we successfully used
the F3 generation in comparative susceptibility experiments between An. aquasalis and Anopheles darlingi
Root to Plasdodium vivax variants (da Silva 2000).
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