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Temperature influence on the embryonic developmerAradpheles aquasalesnd An. albitarsiswas investi-
gated. At 26°C, 75% and 60% of respectivety aquasaliand An. albitarsiseggs hatched, with one peak of
eclosion, between the 2nd and 3rd day after oviposition. At 20 + 2°C, around 66-Asarfuasalieggs hatched,
with one eclosion peak, on the 5th day. On the other #amdilbitarsiseclosion at 21 + 2°C decreased to 10-22%,
with two eclosion peaks, on the 4th-5th day and on the 9th-12th day. These data indicate a stronger temperature
influence ovelAn. albitarsisthan overAn. aquasali€mbryos.
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Nowadays, despite control efforts, malaria affects Our previous empirical observations suggested that
around 400 million persons each year. This diseaset&nperature can greatly influence the developmental ki-
typical in tropical and subtropical regions, where the ehetics and the longevity of these vectors. Accordingly,
evated relative humidity and temperature, together withere are several reports dealing with temperature influ-
poor social and economic conditions, offer the ideal envence over the developmental kinetics of larvae and adults
ronment for the development and maintenance of its veaf Aedes aegyp(Rueda et al. 1990, Tun-Lin et al. 2000),
tors (Butler et al. 1997, Morel 2000). Culexspp. (Rae 1990, Rueda et al. 1990, Reisen H@b)

In Brazil, malaria is one of the major endemic disease&n. sergenti{Beier et al. 1987). Influence of temperature
the Amazon region being responsible for more than 998% mosquito vectorial competence (Kay et al. 1989), in-
of the cases (Passos & Fialho 1998). In this countrgiuced cross-tolerance between temperature and an in-
Anopheles(Nyssorhynchysdarlingi Root, 1926 and secticide (Patil et al. 1996) and temperature effect on phe-
Anopheles(NyssorhynchysaquasalisCurry, 1932 are notypic characteristics —and its implication to taxonomy
primary vectors.AnophelegNyssorhynchysalbitarsis  (Le Sueur & Sharp 1991) have also been noted. However,
Lynch-Arribalzaga, 1878, a complex of at least four spahere are few reports dealing specifically with tempera-
cies, is considered a secondary malaria vector (Rogare influence over mosquito embryogenesis (Trpis et al.
Freitas et al. 1990, Consoli & Lourengo-de-Oliveira 19941973, Rayah & Groun 1983, Van der Linde et al. 1990).
Wilkerson et al. 1995). As afirst approach to optimize the maintenance of our

AlthoughAn. albitarsisandAn. aquasalidhiave been colonies, we decided to specifically investig#e.
reared in our laboratory as free-mating colonies since 19@8bitarsis and An. aquasalissmbryonic development
unexpected mortality events and mosquito density flucinder two different temperatures.
tuations have been he_lmperln_g thel_r use as Iabor_atory MATERIALS AND METHODS
models. Our present aim is to investigate some basic as-

pects concerning their biology, in order to optimiaeo- Mosquitoes- Free mating colonies of botAn.
phelescolony maintenance. albitarsiss. s.andAn. aquasalismaintained in the labo-

ratory since 1995, were used. Rearing conditions were
26°C + 1°C and 80% r.h. as described elsewhere (Horosko
etal. 1997). Larvae kept in dechlorinat@a (albitarsig

or 10% seawate”An. aquasaliswere fed with powdered

— . ; : ) _ fish food (Tetramin®) twice a day. Adults had continu-
This investigation recelv_ed financial assistance from the UND_FE{US access to a 10% sucrose solution. and females were
World Bank/WHO Special Programme for Research and Tl’allfléd on anesthesized guinea pigs in ordér to produce eggs.

ing in Tropical Diseases, Conselho Nacional de Desen- S h laving Si tropical
volvimento Cientifico e Tecnolégico, Fundagédo Carlos Chaga ynchronous egglaying since neotropicanno-

Filho de Amparo & Pesquisa do Estado do Rio de Janeiro, lesfemales lay eggs preferentially at dawn, an insec-
+Corresponding author. Fax: +55-21-2580.6598. E-maiturned off from 9:00 a.m to 9:00 pm and turned on from
dvalle@ioc.fiocruz.br 9:00pm to 9:00 a.m of the following day). This procedure
Received 7 February 2002 enabled the collection of synchronized eggs (periods of 1
Accepted 12 September 2002 h) during the day.
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Cold anesthesized females were transferred to Pei 100
dishes (6 cm diameter) covered internally with a filter pa-
per. After recovery of the females at 26°C, the filter paper

[
was wetted with 600 pl of dechlorinatefin( albitarsi9 £ 6ol
or brackish An. aquasaliswater to induce oviposition =
(Valencia et al. 1996). S 4of
Egg hatching monitoring Oviposition was per- ° ol

formed in the insectary at 26°C and the resulting eggs
were either kept in the insectary (control group) or placed ol
in an incubator, at 22°C (experimental group). Twenty- L ! ! ! . )

four hours later the eggs were split in aliquots. A total of 0 2 4 6 8 10
935 and 479\n. albitarsiseggs were used in each experi- Days after egglaying

mental group divided in, respectively, 15 and 9 replicates,

ranging from 48 to 70 eggs. Contrah. albitarsisgroup -e--Control —o—Exp.1 ——Exp.2

consisted of 160 eggs raised in pool. EAnhaquasalis
experimental group was divided in seven replicates rang- 100 -
ing from 48 to 92, in a total of 544 and 350 eggs, respec-

tively. Control An. aquasaligroup consisted of 10 rep- 80

licates of 100 eggs. Hatching was scored daily at each g 60 -
temperature as well as maximal and minimal temperatures £
in both the insectary and in the incubator. The maximal g 40 -

temperature in the experimental condition did not exceed
22°C or 23°C, in the case Afh. aquasaliandAn. al-
bitarsis respectively. The minimal temperature fom.
albitarsisexperiments was 20°C while fan. aquasalist L ! ! ! ! |
attained 17°C. 0 2 4 6 8 10

RESULTS Days after egglaying
. . Fig. 1: eclosion r nophel lismbr 26°

An. aQ_Uasahs Two trials at 20 + Zoc_ have been _per'(cl%sed gi?ccl)ess? or e;ttezsooj ZOO‘CJZ (%Sesnasqyun?s;s?. Ab Zlcj)rsnuﬁ;tivi (e:clo—
formed, with a total of 894 eggs. Hatching was monitoregbn rates; B: daily eclosion rates. Data are represented as means =+
up to 10 days after egglaying. Results were similar itandard deviation. Note the presence of a single eclosion peak in
both experiments: control eggs, maintained at 26°@! cases.
hatched mainly on the 2nd day after egglaying (Fig. 1A).
Total eclosion rate was 75% for the control group. On the
other hand, 66-70% of eggs from the experimental groups ) .
hatched and the eclosion peak was attained at the 5th #&provement of transgenic production protocols: genera-
(Fig. 1B). No eclosion was observed from the 7th d&i{pn of stable transformed lineages depends on the injec-
after egglaying on. tion of exogenous DNA in a precise stage during embryo-

An. albitarsis -Two trials at 21 + 2°C were also per-genesis (Catteruccia et al. 2000), which, in turn, varies
formed with this species, with a total of 1,414 eggs. HatcBreatly with temperature (Clements 1992). However, in
ing was monitored up to 20 days after egglaying. Agai#Pite of its potentlal importance, Ilttlle has been done con-
in this case the results obtained were similar for both e&erning this subject. The great majority of data related to
periments. In the control condition (26°C) the majority ofemperature influence over Culicidae development deals
the eggs hatched between the 2nd and the 3rd day mlnly with larvae and adults (Rueda et al. 1990, Rae 1990,
total hatching was 60%. In the experimental groups, hoWun-Lin et al. 2000). _ o
ever, total eclosion did not exceed 22% (Fig. 2A). Inthis Analysis of temperature influence oviedes sticticus
situation, when daily percent of hatching eggs was plogMmbryonic development revealed that the minimal and
ted against time, two eclosion peaks were noted, the fifggximal temperature thresholds are, respectively, 6-8°C
at the 4th-5th day after oviposition and the second aftapd 33°C. It was also verified that the time span of em-
the 8th day (Fig. 2B). In both trials a period of at leadiryogenesis is m_versely related to temperature: first in-
24 h with no eclosion event at all was observed, arouér larvae eclosion took 11.3 days (272 h) at 15°C and
the 6th-7th day. It was also realized that 60-70%rof ©only 6 days (120 h) at 30°C. The authors did not investi-
albitarsiseggs hatched before this period of no eclosio@ate the rate of eggs’ viability under different tempera-
while 30-40% eclosion was obtained after this period. Ngires (Trpis etal. 1973).

eclosion was observed from the 17th day after egglaying. CX. quinquefasciatusiinimal and maximal tempera-
ture thresholds for embryonic development are 13°C and

DISCUSSION 39°C, respectively. In this species the hatching rate var-
Studies regarding temperature influence over the eres directly with temperature, up to 32°C, after which eclo-
bryonic development of Culicidae can help laboratory reasion rates drop gradually (Rayah & Groun 1983).
ing. On the other hand, the precise knowledge of mos- An. sergentiembryos kept at 34°C do not hatch. Nev-
quito embryonic developmental kinetics would assist thertheless, their viability at 17°C and 27°C is equivalent
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A 100 TABLE
Eclosion rates oAnopheles aquasalandAn. albitarsislarvae

o T at different temperatures
% 60 [ 9-0-0-0-0-0-0-9-0-0-0-0-0-0-9 Temperature % eclosidh
‘;“ a0k , An. aquasalis Control 26°C 74.7 £ 20.8 (a)
X Experiment 1 20 £ 2°C 66.1 +18.9 (a)

20 - [ Experiment 2 20 £ 2°C 70.3+8.8 (a)

An. albitarsis Control P 26°C 60 (a)
0~ Experiment 1 21 +2°C 22.5+9.8 (b)

L 1 1 1 1 1 1 1 1 J

0O 2 4 6 8 10 12 14 16 18

Experiment 2 21 +2°C 10.7 £ 5.2 (b)

a: numbers followed by the same letter are not significantly
different, according to one-factor analysis of variance (P < 0.05,
ANOVA/Newman-Keuls multiple comparison test); An.
albitarsiscontrol eggs were raised in pool (n = 160 eggs).

Days after egglaying

--e--Control ———Exp.1 —2—Exp.2

B 40 .
30 // albitarsisat the lower temperature suggests developmen-
20 L $ tal variability in individuals of this species related to the
£ temperature.
%10 [ i We are now analyzing the effect of a broader range of
<8r i temperatures over the embryonic development of these
Ser species. Additionally, the recent descriptionAof.
4 : albitarsis embryogenesis (Monnerat et al. 2002) will be
2+ taken into account to investigate whether temperature
ol influence is exerted preferentially over any given devel-

0' P e' 8' 16 TTEEY 1é 15'; opmental stage or if, alternatively, embryogenesis is af-
fected as a whole.
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