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The Biology of Aedes (Ochlerotatus) albifasciatus Macquart,
1838 (Diptera: Culicidae) in Central Argentina

Francisco F Luduena Almeida, David E Gorla

Centro de Investigaciones Entomologicas, Facultad de Ciencias bExactas, Fisicas y Naturales, Universidad
- Nacional de Cérdoba, V. Sarsfield 299, 5000 Cérdoba. Argentina

Acdes albifasciatus is a flood water mosquito occurring in the southern countries of South America.
It is a competent vector of the Western Equine Lncephalitis (WEE) and causes important losses on milk
and heef production in central Argentina. Field work was carried out Jrom December 1990 to March
1993, on a monthly basis during the dry season and hiweekly during the rainy season. Larvae were
collected using the ‘dipping’ technique and females with CDC traps baited with CO .. Field collected
larvae were used to build laboratory cohorts, from which basic population parameters were estimated,
Lggs survived up to six months on dry soil, although there was a linear decrease of viability with time.
At 23°C7 larval development time was around nine days, and all adults emerged within one week. The
estimation of larval development in the laboratory seems to be very near the development on the field,
as larvae have been collected on average eight days after a rainfall. Egg to adult survival was 83%,
with the highest mortality on fourth larval instar (6%). In the laboratory studies, sex proportion among
the adults was 1:1, females lived longer than males (median 13 and Jive days, respectively), and adult
survival pattern showed a constant number of individuals dving per unit time. Field coflected females

laved an average of 84 egyas per batch, and completing up to five gonotrophic cycles, suggesting an

estimated swrvival of up to 35-30 days.
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Aedes albifasciatus 1s a neotropical species.
occurring in the southern cone of South America.
[t 1s present from Santa Cruz de la Sierra and Co-
chabamba (Bolivia), through southern Brazil.
Uruguay. Chile. rcaching southcrn Patagonia
down (o Tierra del Fucgo (Argentina) (Prosen ot
al. 1960, Forattini 1965),

The breeding sites of this species are tempo-
rary shallow water ponds. variable in size. mainly
on flat terrains. They might be natural or artifi-
cial, with or without vegetation. Immature stages
occur during summer and autumn months (Prosen
ctal. 1960). In the Andcan valleys, breeding sites
were found as high as 2300 m, in places protected
from the cold winds (Duret 1954). and cven in
water with high salinity (5%) (Bachman & Casal
1962). Females lay eggs on muddy soils. surround-
ing the ponds. The eggs can cnter diapause or pro-
duce first instar larvac immediatly after flooding.

Ae. albifasciatus is a scrious problem in plain
regions where, small ground “depressions™ flood
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periodically. In the Mar Chiquita region (NW Cor-
doba province, see Fig. 1a). rainfall and river over-
flows cover periodically large ground extensions,
causing cventually the explosive emergence of adult
mosquitos.

Ade. albifasciatus has semi-domestic habits,
insistently attacking humans and domestic mam-
mals. In some places of North and Western Ar-
gentina. field workers refuse 10 work during this
mosquito ¢cxplosions (Forattimi 1965), and in the
Mar Chiquita region it causes important losses in
milk and beef production (Raiia et al. 1971). The
specics has been found infected by Bunyamwera
virus group (Bianchini et al. 1968) and the WEE
virus (Mitchell et al. 1987). The species was cspe-
cially abundant during the WEE outbreaks in Ar-
gentina, and laboratory work showed that it is a
competent vector of the WEE virus (Avilés et al.
1990).

Thus paper reports on field and laboratory stud-
1es on the biology of de. albifasciatus, aiming at a
better understanding of ficld populations of the
species, to improve the efficiency of the ongoing
mosquito control programme in central Argentina.

MATERIALS AND METHODS

The field studies were carried out in the south-
crn coast of the Mar Chiquita Lake, in the NE of
Cordoba province. central Argentina (30° S, 63°
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W) (Fig. 1). The lake has shown long term oscil-
lation cycles. In 1964, 1ts surface was estimated as
1850 km? (Vazquez et al. 1979), but in 1984
reached about 5250 km? (Jiménez & Sedran, pers.
com.). At present, the lake is approximately 80
km E-W and 70 km N-§,

Four mosquito sampling stations were located
on the southern border of the Lake, near La Para
(Fig. 1b). Station 1 was 20 km E of La Para, and
300 m from the place where the Suquia River flows
into the Lake. The breeding site was 50 x 150 m,
had a clay surface and frequently dried out totally
during the dry season. The ground was covered
with salt marsh vegetation (4/fenrolfea sp.. Spi-
rostachys sp., Atriplex sp., Salicornia sp., and fete-
rostachys spp.). Station 2 was 14 km E of La Para.
[t was an approximately circular breeding site, 200
m in diameter, surrounded by trees ((seoffroea
decorticans and Prosopis spp.) and always cov-
ered with abundant floating vegetation (mainly
Marsilea azolla spp. and Marsilea spp.). Station
3 was 7 km NE of La Para, had a diameter of around
50 m; the water of this breeding site sometimes
mixed with the rainfall water running along the
local road beside it; and as station 2, 1t was sur-
rounded by trees (G. decorticans and Prosopis
spp.). Station 4 was 6 km NE from La Para and
about 1 km from Station 3. It was a small lagoon,
with the ground covered by grass fluctuating be-
tween 40-240 ha, depending on rainfali, and sur-

Fig. 1: a - location of the Mar Chiquita Lake within Argentina; b
- location of the four sampling sites within the study area.
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rounded by a few trees. Another sampling stte,
mainly for adult collecion was located in San
Carlos, 10 km south of Cdrdoba city.

Adults and immature stages of Ae. albifasciatus
were sampled monthly between December 1990
and September 1991, biweekly between October
1991 and April 1992, monthly between May and
September 1992, and biweekly between October
1992 and March 1993, Larvae and pupa¢ were
collected with a dipper, either in lotic or lentic
habitats. Eggs were sampled from ground samples
collected around the breeding sites and studied by
the flooding techmque (Service 1976). The square
ground samples (10 x 10 cm) and 5 cm depth were
transported 1o the laboratory in plastic trays. Fe-
males were caught with CDC traps baited with CO,
or mechanical aspirators. They can be captured by
CDC traps only when environmental temperatures
are higher than 6°C. From September to April
(warmest period) there are two activity peaks, at
dawn and at dusk; the rest of the year (coldest pe-
riod) there is only one peak during hours of maxi-
mum illumination. Considering these previous
findings, the CDC traps were operated at dusk
(Ludueiia Almeida & Gorla, 1n press). The col-
lected mosquitoes were identified to species and
counted at the laboratory. As the activity of Ae.
albifasciatus females changes during the day in
different ways throughout the year, the observed
daily mosquito density was estimated as the num-
ber of females actually captured within 1 hr di-
vided by the expected proportion of active females
within the hour, according to Luduefia Almeida
and Gorla (1n press).

Considering the importance of the water table
fluctuation for the species, studies in the labora-
tory were carried out to estimate the time to com-
plete the embryogenesis under humid conditions,
and to study the effect of drought on egg viability.
The eggs used to estimate the time to complete
embryogenesis were l1aid by field collected females,
fed every other day on a rat. Females were main-
tained in cages and laid eggs on a Petr1 dish with a
humid filter paper. A new Petri dish was added
daily and the old one kept at 20-22°C outside the
cage. Daily, 10 e¢ggs were treated with sodium hy-
pochlorite to transparent the corium, and study the
mosquito embryo development status under a ste-
reoscopic microscope (Morterson 1950, Trpis
1970). The procedure was repeated between 0 and
14 days, and the embryo development phases were
analyzed according to Christophers (1960).

To estimate the effect of drought on viability,
eggs from 94 field collected females were used.
Females were individually maintained in a plastic
cylinder (9x6 cm) with a bottom covered by a fil-
ter paper above a piece of humid cotton. Eggs of a
particular day were maintained in the humid en-
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vironment of the cylinder up to 12 days, and the
female transferred to another cylinder. After the
12th day, the filter papers with the eggs were trans-
ferred to open Petri dishes where it progressively
dried out. During the first week from drought, the
cggs were observed daily, then weckly until 30
days, and biweckly from the second to the fourth
month. The number of embryonated and collapsed
eggs were rccorded. Multiple regressions of the
number of embryonated ¢ggs (dependent variable)
on the number of days under humid and drought
conditions (independcnt variables) werc estimated.
The trcated eggs were flooded with previously
boiled water (low-level oxygen concentration) to
measure larval emergence.

Field collected first and second larval stages of
Ae. albifasciatus were used to build 10 cohorts of
50 second instar larvae. Each cohort was arranged
In a plastic tray filled with water from the ficld
breeding site (pH 7.0-7.2). Powdered rabbit bal-
anced food (350 mg) was added every other day to
each tray until adult emergence. Cohorts were
maintained at 23+1.7°C. The number of individu-
als tn cach age class was recorded daily until adult
emergence. Age-spectfic survival and development
time werc calculated from these records.

The number of cmerging adult males and fe-
males were daily recorded and fed with sugar so-
lution. Fecundity was estimated in 24 field col-
lected females. caged individually, maintained at
20+£2°C and blood fcd on a rat. The number of
cggs laid by each female was recorded. After death.
each female was dissected to count the number of
devcloped eggs within the ovarioles and the num-
ber of gonotrophic cycles cstimated as the number
of follicular relics (Detinova 1962).

RESULTS

Ae. albifasciatus larvae were found in the field
only within eight days after a rainfall (Fig. 2). No
larvae occurred in places with running water, but
only in quiet and shallow water. They were al-
ways collected along the borders of the pools. in-
dependently of the presence of vegetation. Females
were collected during all seasons, although the
nighest densities occurred during the spring, after
rains following a long drought.

The fluctuation of adult number - In Decem-
ber 1990 site 1 showed a high number of pupac
and adults, compared with the other sites (2-4) (F ig.
3). Between January and November 1991 the sam-
pling stations showed thrce small adult peaks. In
December, an outbreak of adult females occurred,
This peak followed a series of rainfall days (20-
40 mm rainfall each day) separated by 2-3 days of
good weather (Fig. 4). The peak cnded towards
mid January 1992, coinciding with the beginning
of a dry period. Adult population decreased, reach-
Ing a minimum in July 1992, At the beginning of
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Fig. 2: larval occurrence on vach sampling stte along the
period of study.

September (days 8 and 9), an unusual rainfall oc-
curred (118 mm). This promoted an increase of
the sampling sites surfaces (3-4 times), and the
occurrence of larvae in all sites. Towards 15 Sep-
tcmber all sites had fourth instar Ae. albifasciatus
larvae, on 17 September the first adult males ap-
peared and towards October 3 a high number of
females occurred. On 2 December another peak of
larvae occurred, because of the rainfall on 28 No-
vember. During December, the rainy days were
more frequent than average and as the surface of
the sampling sites did not decrcase, Ae. albifas-
ciatus femalcs were not able to lay eggs in the study
areas. Although larvae of this species did not ap-
pear again during the rest of the warm period, lar-
vae of other specics (especially Culex spp.) in-
creascd their numbers, because of the different re-
quirements for females of the last species for egg
laying.

Preadult survival and development time - The
embryo completed development in four days in a
humid c¢nvironment. The developed embryo was
able to live up to six months over a dry filter pa-
per. However, there was a decrease in ¢gg viabil-
ity (v) according to a significant linear function
(r =-0.81, p<0.0001, n = 9 time intervals group-



466  Biology of Aedes (Ochlerotatus) albifasciatus » FF Luduena Almeida, DE Corla

ERE

A

|

/\
1000~ A /'
sy \/UT AA ) \

JHHJSHJlHHJSHJHHI
1991 1992 1993

Fig, 3: corrected daily density of Aedes albifasciatus collected
with CDXC traps baited with CO, during the period of study.

Average over the four sampling sites.
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Fig. 4: ramnfall accumulated in periods of ten days at the study
area dunng the study penod (values were represented as a poly-
gon for better reading, although rainfall is an intrinsically discret
event).

ing 186 egg batchs) y = 0.79 - 0.0039 x (where x
1s the period during which the egg lived in a dry
environment) (Fig. 5).

On average, larvae reached the third instar in
3 days and the fourth in 4 days. Pupae appeared in
7 days and 50% of the adult emerged in 9 days.
The last adults emerged 15 days afier egg flood-
ing. Under the laboratory breeding conditions, egg
to adult proportional survival was relatively high:
0.83 (s = 0.074). The fourth larval instar showed
the highest proportional mortality: 0.06 (s =0.047)
(Table).

From the larvae collected at San Carlos a higher
proportion of females (61%) than males (39%)
(P<0.01) was obtained. Adult males and females
appeared at the same time (about 9 days). Females
lived longer (median = 13 days) than males (me-
dian = 5). Under laboratory conditions, the sur-
vival pattern of all the age classes follows a Type
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Fig. 5: viability of Aedes albifasciatus eggs laid by field col-
lected females after increasing time (days) under dry conditions.
Each point represenis the average viability of eggs within time
intervals of 20 days. Vertical and honzontal bars represent one
standard deviation.

TABLE

Development time (in days) and survival
rates of larvae and pupae of Aedes albifasciatus
(mean and s.d. [in brackets]), based on 10 cohorts of
50 individuals. Absolute survival of age class 11s the
number of mdividuals surviving until the age class i,
divided by the inittal number of second instar larvae
in the cohort. Relative survival in age class 115 the
number of individuals leaving the age class 1 divided
by the number that entered the age class |

) A_g't_:: class
Larval mnstar Pupae
Second Third Fourth

Development  1.04 105 344 165
time (0.046) (0.086) (0.269) (0.142)
Absolute 0.98 0.95 0.90 0.83
survival (0.019) (0.033) (0.047) (0.074)
Relative 0.99 0.96 (.94 0.92
survival (0.019) (0.041) (0.047) (0.065)

2 curve (Deevey 1947) (Fig. 6), showing a con-
stant number of individuals dying per umt time.
Larvae from La Para produced the same propor-
tion of both sexes, but in the laboratory males
cemerged in average 1.6 days before females (t test,
p<0.001).

Efforts to obtain copulations in the laboratory
failed, so that no blood meal volume or fecundity
estimations were obtained from the laboratory
hatched and emerged females. The mean number
of eggs (etther laid or remaining within the ovari-
oles) developed per gonotrophic cycle in field fe-
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t1g. 67 survival curve of dedes albifasciatus under laboratory

conditions, based on 500 initial first and second instar larvae

developed m 10 cohorts. Arrows mark 50% molting to third
(I}, tourth (TV) instar larvac, pupae and adults.

males was 110 (s = 39.65). and relatively less vari-
able (CV = 36%) than the mean number of cggs
effectively laid by the same females of 83.8 (CV
= 67%). A maximum number of five gonotrophic
cvcles was recorded among the dissected females
from the ficld (average = 3 8, sd = (.98). Egg lay-
ing began 3 days afier the blood mecal. Most of
these females (58%) layed eggs between 5-8 days
after a blood meal, although somc fecmales layed
cggs after 19 davs (average = 8.2 days. CV =
+9.2%0).

DISCUSSION

As 1n other 4edes species (de. taenyorhynceus.
Ae. sollicitans), the embryogencsis in de. albifas-
ciatus takes nearly four days to be completed
(Nayar 1985). The larvae hatched after the cgg
was covered by water for at Icast 24 hr, either im-
mcdiately aftcr the embryo has developed or after
a dry pertod of up to 4-6 months. The observed
varability of the hatching rate, may have occurred
because of a mixture of physiological ages of field
captured females, which may have produced cggs
of different capabilitics of resisting dry periods
according to the cnvironment affecting the devel-
opment of larvae, pupae and adults, as was shown
for Psorophora columbiae (Focks et al. 1988) and
Ae. albopictus (Toma & Miyagi 1990). A field
study reporting Ae. albifasciatus first instar larvae
within a pool flooded during the winter months
showed that low temperatures do not constrain lar-
val development (Almiron 1993), coinciding with
similar findings for Ade. taeniorhyncus and Ae.
sollicitans (Nayar 1985).

Under laboratory conditions, preadult survival
was 82.9%, similar to the 83.4% for Ae. vexans (Tipis
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& Shemanchuck 1970) and the 88.3% for Ps.
columbiae (Andis & Meek 1985). Preadult devel-
opmental time, under temperatures between 23-
25°C was nine days, the fourth instar larvae being
the longest lasting (four davs). The occurrence of
Ade. albifasciatus in the ficld samples, depended
strongly on the number of days afier a rainfall.
Only samples taken up before eight days after a
rain yielded larvae. This clcarly suggests that lar-
val development time under field conditions is less
than cight days. Field collected 4e. albifasciatus
larvae developed under laboratory conditions with-
out additional food supply (other than that included
in the original water sample), showed lower de-
velopment rate, higher mortality and male emer-
gence before females. as compared with those lar-
vae developed with additional food supply. This
1s simular to the results found for Cx. pipiens (Gorla
ctal. 1992).

Considering the time between emergence and
copulation, time to get a blood meal reported by
Forattimi (1962) for different species of Culicidae,
time for egg laying and that a femaic can lay five
cgg batches (this work) an estimation of the po-
tcntial maximum longevity of field females could
be calculated as 35-50 days.
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