Studies on the post-oviposition blood-feeding
behaviour of Aedes aegypti (L.) (Diptera:
Culicidae) in the laboratory
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The blood-feeding behaviour of the Trinidad strain of Aedes aegypti was studied, under laboratory
conditions, using one female per cage and monitoring blood feeding immediately, 12, and 24 hours after
oviposition. To get large numbers of females that had newly completed their first gonotrophic cycle, the diel
oviposition periodicity was conducted using single females per cage and monitoring at 2-hour intervals.
The diel oviposition periodicity showed a small morning peak (8%) during the first 2 hours of the
photophase after which oviposition declined: during the second half of the photophase, oviposition
increased reaching a peak comprising 56% of eggs (G=59.9, P>0.01) between 16:00 and 18:00 hours. At
post-oviposition hour 0, only five (10%) of the females accepted a blood meal but at post-oviposition hour
12, significantly more (G=46.98, P>0.02) females, 35 (70%) accepted a blood meal. This pattern was
consistently observed when females were offered blood meals at 12 and 24 hours after completing their
first gonotrophic cycle. Multiple feeding was observed among the blood-feeding females and the results of
this study are discussed in the context of disease transmission patterns and physiological mechanisms

which control their blood-feeding behaviours.
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Introduction

Fundamental aspects of the gonotrophic cycle of
nulliparous Adedes aegypti (L.) mosquitoes involve
numerous physiological and behavioural components
including: copulation and insemination, search for a
suitable host, blood feeding, digestion of the blood
meal, maturation of ovaries, and oviposition of
mature eggs after foraging for oviposition sites.'
Indeed, much information exists which clearly
demonstrates that the duration of the gonotrophic
cycle is dependent on temperature,! humidity® size of
the females,® copulation status,® and quality and
quantity of blood meal taken.”® Studies show that
females reared in less than optimal conditions are
smaller in size and require at least two blood meals to
mature a batch of eggs.” Recent studies by Schneider
et al.'® demonstrated that field-collected females were
always smaller than laboratory-reared females and
this small size may influence ‘double anautogeny’ or
multiple feeding in the field and can influence vector
competence because double feeding may improve the
chance of acquiring an infected blood meal from a
human host.”!
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Interestingly, Christophers,' Judson,” Jones and
Madhukar,!' Klowden,'? and Nayar'® reported that
blood seeking and subsequent feeding were indepen-
dent of insemination but host seeking was enhanced if
females were given a sugar meal.>'* However, the
quantity of blood imbibed by inseminated Ae. aegypti
was reported to determine two important physiolo-
gical mechanisms. First, the blood meal inhibits the
host-seeking response of females;*'> second, if the
blood meal triggers vitellogenesis, a second inhibition
accompanies oocyte development'®!” and ultimately
influences the number of eggs which develop and are
laid.

Very little is known about the blood-feeding
behaviour of Ae. aegypti after oviposition. In fact,
nothing is known about the duration of time needed
for the resumption of blood feeding after oviposition,
even though such information, which is closely
related to disease transmission, is important for the
control of the vectors, for standardization of labora-
tory methods, and for field use of transgenetically
engineered mosquitoes,'® would clearly be helpful.
The purpose of this study was to determine aspects of
the physiology of blood feeding of Ae. aegypti
mosquitoes. The central question concerns the
number of blood meals that females require to
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develop a batch of eggs and to determine how soon
after oviposition females take a blood meal under
laboratory conditions. These questions have impor-
tant implications for the dynamics of mosquito-borne
viral infections and its subsequent transmission to
man.

Materials and Methods
The Ae. aegypti strain used during these studies
originated in St. Joseph, Trinidad, collected as eggs
from June to August (1986), and designated the
Trinidad strain. This strain was accommodated in two
light-proof rooms at 26*=1°C and 70-75% relative
humidity, and a regime of 12 hour light (06:00-
18:00 hour) and either 12 hour dark (room 1) or
11 hour dark (room 2) with two 30-minute ‘twilight’
periods immediately before and after the scotophase.
Illumination was as described by Corbet and Ali."”
The colony was maintained in room 1 in accor-
dance with regimes that standardized density and
nutrition of larvae as described by Corbet and
Chadee.?® All Ae. aegypti used for experiments were
transferred as eggs to room 2 and reared to adults.
Female adults were selected so that the post-
emergence age of each was the same, and known to
within 1 hour. On the third day post-emergence, a
sample of females was confirmed as inseminated by
post-mortem dissection. Thereafter, females were
allowed to engorge on blood from an experimenter’s
arm within a 20-minute period centred on 17:20 hour,
a time close to the main peak of landing and biting of
Ae. aegypti in the field in Trinidad.?!*

Experiments

On the fourth day post-emergence, engorged females
(assessed as such by eye) were placed individually,
one per oviposition cage (30 x 30 x 30 cm) consisting
of white cloth netting enclosing a wooden frame and
a cube of white sugar in an uncovered Petri dish in
the centre of the cage. In each cage, eight numbered
small white polyethylene tubs (SWTs) (diameter of
top 8.2 cm and bottom 7 cm, height 5.8 cm, and
capacity 300 ml) painted black outside, containing
200 ml of temperature-equilibrated tap water with
the inside of each tub lined with a white paper towel
were placed as described in the oviposition assay
method developed by Corbet and Chadee.?

In order to determine whether females took a
blood meal soon after oviposition, it was necessary to
monitor when eggs were laid, that is to determine the
diel oviposition periodicity. The oviposition periodi-
city was monitored by manually placing eight pre-
prepared SWTs into each cage labelled in accordance
with the cage number. The eight SWTs were exposed
for intervals of 2 hours and removed and replaced
with another set bearing the time of exposure and
cage number. These females were monitored every
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2 hours for 48 hours. After each 2-hour exposure
sequence, all oviposition paper towels were removed
from the SWTs and placed onto white sheets of paper
towel on the laboratory bench and eggs were counted
under ( x 40 magnification) a stereomicroscope.

After oviposition had occurred, one group of females
were individually offered a blood meal as described
above between 18:00 hour +20 minutes on post-ovipo-
sition day 1 (POD) and again at 06:30 hour 420 mi-
nutes the following morning. After this, blood meals
were offered continuously at the above mentioned times
until the second gonotrophic cycle was completed.

The second group of mosquitoes were treated in a
similar manner except that a blood meal was not
offered until 12 hours had lapsed after the first
gonotrophic cycle was completed. After this, these
females were offered blood meals at morning and
evenings times as in group 1.

The third group of mosquitoes were not offered a
blood meal until 24 hours had elapsed after egg
laying (first gonotrophic cycle) and thereafter were
fed in accordance with the morning and evening
feeding regimen outlined above.

The number of blood-feeding episodes recorded
after oviposition was analysed to determine the time
required for females to resume blood feeding and
these data were analysed by transforming the data
into contingency tables and a G-test as well as a Chi-
square test>* was applied.

Results
Study 1

Fifty individuals of the Trinidad strain exhibited a
distinct diel periodicity, with peak oviposition
observed between 16:00 and 18:00 hour (Fig. 1). A
small morning peak (8%) was observed during the
first 2 hours of the photophase after which ovi-
position declined: during the second half of the
photophase, oviposition increased reaching a peak,
comprising 56% of eggs (G=59.9, P>0.01) between
16:00 and 18:00 hour (Fig. 1). No eggs were laid
during the scotophase. This is regarded as the
definitive baseline oviposition periodicity of Ae.
aegypti and is similar to that observed previously’*2¢
and these females were offered blood meals after
different time intervals.

Study 2
At post-oviposition hour 0, only five (10%) of the
females accepted a blood meal but at post-oviposition
hour 12, significantly more (G=46.98, P>0.02)
females, 35 (70%) accepted a blood meal (Table 1).
At post-oviposition 36 hours, all females accepted a
blood meal. Sixty-five percent of the females took two
or more blood meals over the three successive days.
At post-oviposition hour 12, significantly (G=
35.87, P>0.01) more females accepted a blood meal,
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Figure 1 Aedes aegypti: diel oviposition periodicity in the
laboratory using the 2-hour manual monitoring method.

1.e. over 85% or 43 females had blood fed. Therefore,
by post-oviposition hour 36, all females had com-
pleted a blood meal to initiate the second gono-
trophic cycle (Table 2). Fifty percent or 25 females
took two or more blood meals over the three
successive days

At post-oviposition hour 24, 100% (50) of the
females accepted a blood meal (Table 3) with 60%
taking two or more blood meals over three successive
days.

Discussion

The results of this study showed laboratory-reared
Ae. aegypti females blood-fed 12 hours after oviposi-
tion, with a significant peak (70%) restricted to the
first 2 hours of the photophase (06:00-08:00 hour).
This blood-feeding pattern is consistent with that
observed in the field in Tanzania’’ and in
Trinidad?'** when an early morning and later after-
noon peak was observed. The present results showed
that only 10% of the females took a blood meal
immediately after oviposition with significantly
(P>0.02) more Ae. aegypti females accepting a blood
meal 12 hours post-oviposition after completing their
first gonotrophic cycle. These results suggest that a
period of ‘quiescence’ exists which may allow females
to re-set their physiological processes before blood

Table 1 Number of Aedes aegypti females blood feeding
immediately, 12, and 24 hours after completing their first
gonotrophic cycle in the laboratory

No. of blood % blood
Post-oviposition hour feeding feeding
0 5 10
12 35 70
24 10 100

Table 2 Number of Aedes aegypti females blood feeding
12 and 24 hours after completing their first gonotrophic
cycle in the laboratory
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feeding, to kick-start their second gonotrophic cycle.
Similar periods of inactivity or quiescence have been
reported as ‘non-responsive females to human host’
within 24 hours of emergence,”® inactivity after
insemination,? inactivity after optimally laboratory-
reared females blood feed to repletion,® a 24-hour
recovery period from the inhibition of host seeking,”
and now a rest of 12 hours post-oviposition (present
study). It is quite possible that females (10%) that
oviposited early using the 12-hour monitoring inter-
val may have taken a blood meal immediately when
offered at 18:00 hour but unfortunately this notion is
not supported because females which oviposited at
06:00 hour did not take a blood meal until
18:00 hour, therefore individual variability and
genetic differences may be responsible for this small
atypical group of Ae. aegypti females.

It is well known that the quantity of blood imbibed
by inseminated Ae. aegypti determines two physiolo-
gical mechanisms. First, it inhibits the host-seeking
response of females;>!> second, if the blood meal
triggers vitellogenesis, a second inhibition accompa-
nies oocyte development'®!'” and ultimately the
number of eggs which develop and are laid. The
abdominal distension following a blood meal usually
terminates the host-seeking behaviour and if the
blood meal triggers egg development, a second
inhibition occurs and this haemolymph-borne factor
is produced about 30 hours after blood feeding.
In Ae. Aegypti, this inhibition normally lasts
until oviposition and is called the oocyte-induced
inhibition.'”!

Numerous workers have shown that the initiation of
egg development in Ae. aegypti and other mosquitoes
is controlled by the accessory gland.® In spite of the
endogenous mechanism which inhibits host seeking
during oogenesis,®'>!” host seeking may persist when
the nutritional state is marginal, for example, when the
quantity of blood and carbohydrates imbibed falls
below 3 mg or 2.5 pl threshold for egg development.®>>?
The present results showed that blood feeding lasted
for 36 hours post-oviposition with many females
multiple feeding thereafter triggering the second
gonotrophic cycle. These results also support
the concept of ‘distension-induced inhibition” and
‘oocyte-induced inhibition” after 36hours but females
multiple fed despite being reared on standard diets.

Table 3 Number of Aedes aegypti females blood feeding
24 hours after completing their first gonotrophic cycle in
the laboratory

No. of blood % blood No. of blood % blood
Post-oviposition hour feeding feeding Post-oviposition hour feeding feeding
12 43 85 24 50 100
24 5 10 36 50 0
36 2 5 48 50 0
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Therefore, it seems likely that multiple feeding is a
strategy adopted by females whether they are
standard size,” disturbed while feeding in the
experimental cages,”*?° or affected by temperature
and humidity gradients.>*3°

‘Double anautogeny’ or multiple blood feeding has
been reported in adult females deprived of nutrients
during the larval stage, and consequently cannot
deposit yolk following the first blood meal. In such
females, the ovarian follicles fail to develop to a pre-
vitellogenic stage.’® Macdonald®’ and Klowden®®
reported that small females produced by an inade-
quate larval diet have a smaller blood meal capacity
and may seek more than one blood meal. However,
Klowden'**!' suggested that adult mosquitoes that
produce eggs may seek another blood meal before
oviposition. During the present study, females did
not seek additional blood meals after 36 hours
although they were offered, so it is quite likely that
these differences may be due to geographical varia-
tion or because laboratory conditions did not fully
replicate field conditions.

In addition, Macdonald®’ and McClelland and
Conway® studying the frequency of blood feeding of
Ae. aegypti under field conditions, found double
feeding during the first and subsequent gonotrophic
cycles to be fairly common among females collected.
Laboratory and field studies have demonstrated that
individuals reared under optimum laboratory condi-
tions are significantly larger and show much Iess
variability in size plasticity than their field-reared
cohorts.'” Therefore, the present results suggest that
the multiple feeding observed may have been due to
disturbance during blood feeding or within the Ae.
aegypti population atypical blooding feeding is found
among a small sub-population.

Gillett* reported no diel blood-feeding rhythm
among Ae. aegypti, i.e. with no preference for
diurnal, crepuscular or nocturnal periods under
laboratory conditions. However, diel patterns have
been demonstrated during field studies in many
countries, including Tanzania®’ and Trinidad.*'>
During the present study, mosquitoes peak blood
feeding occurred between 06:00-08:00 and 16:00-
1800 hour with infrequent feeding during other times
during the day, which suggest the strength of the
blood-feeding circadian rhythm.

In order to collect large numbers of Ae. aegypti
females which had recently completed their first
gonotrophic cycle, the manual oviposition monitor-
ing methodology was adopted as described by
Chadee.?* The results of the present laboratory study
showed that the oviposition periodicity of Ae. aegypti
was diurnal with significant peaks in oviposition
restricted to the first 2 hours and the last 2 hours of
the photophase. This pattern was consistently
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observed during field oviposition periodicity studies
in Kenya when peak oviposition occurred at 14:00—
18:00 hour*! and in Trinidad when peak oviposition
occurred at 06:00-08:00 and 16:00-18:00 hour.*
Gillett er al*® and Haddow er al*® demonstrated
the strength of the circadian rhythm with females
having matured eggs at night and during different
times during the day but waited until the afternoon
period, 14:00-18:00 hour before laying her eggs. In
the present study, similar results were observed for
although females had matured eggs after 56-60 hours
post-blood feeding, oviposition did not occur until
14:00-18:00 hour despite being offered oviposition
sites from 06:00 hour (Fig. 1).

In conclusion, the present results demonstrate the
strength of the circadian rhythms which regulates
oviposition and blood feeding among Ae. aegypti
mosquitoes. These results are relevant to vector
control workers using genetically modified strains
for these peak times of activity or periodicities can be
incorporated in their monitoring and evaluation
programmes or surveillance systems. In addition,
conventional vector control programmes applying
space spraying at dawn and dusk can certainly impact
two important sectors of the de. aegypti population,
i.e. the blood feeding and egg laying populations and
once the spray applications are synchronized and
applied in accordance with the manufacturers speci-
fications, significant reductions in the vector popula-
tion can be achieved, especially as Ade. aegypti
multiple blood-fed in nature.
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