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Abstract

Autocidal ovitraps used for the monitoring of Aedes (Stegomyia) aegypti (L.) (Diptera: Culicidae) in
Singapore are routinely stocked with cow-grass (Axonopus commpressus) infusion. The optimum
concentration of this infusion was determined to be a 1:4 dilution of a stock infusion prepared by
fermenting dried cow-grass in tap water at a rate of 10g/l. Aedes aegypti females confined in an empty
room and offered an ovitrap baited with cow-grass in competition with a range of common oviposition
sites (plastic bottle, paper cup, plastic pail, flower pot plate, Coca-Cola can, and vase) laid significantly
more eggs in the ovitrap than in the next most competitive container. The number of eggs laid in the
ovitrap did not change with the competitiveness of the other sites offered, nor with the number of other
sites, but it did change – albeit non-linearly – with the number of mosquitoes released. Implications for
the interpretation of quantitative ovitrap data for the monitoring of mosquito populations are discussed.
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Introduction

Aedes aegypti (L.) is a container-inhabiting
mosquito that is commonly found in urban
areas. It is the primary vector of the dengue
virus which infects hundreds of thousands of
people every year, causing dengue fever (DF)
and the potentially fatal, dengue haemorrhagic
fever (DHF). No effective drug or vaccine
against dengue has been developed despite
several decades of research. Hence, past and

current dengue control efforts are focused on
reducing the population of Ae. aegypti.

Many control methods have been
developed for Ae. aegypti, including adulticiding
and larviciding with insecticides and/or
breeding-source reduction. These interventions
are adequately supported by health education
and legislation. The commonly employed
methods for the surveillance of Ae. aegypti
include the inspection of premises for larvae
and pupae and the use of ovitraps. Most
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operational surveillance systems depend on
such surveys to gather their house (premise)
(the percentage of houses infested with larvae
or pupae), Breteau (the number of positive
containers per 100 houses) and larval-density
indices.[1] However, Focks and Chadee[2] found
no correlation between these traditional indices
and the measured absolute densities of Ae.
aegypti and stated that the Stegomyia indices
used as epidemiological indicators of dengue
transmission should be viewed with caution.
They also concluded that pupal survey could
provide an indication or estimation of the vector
density. Direct sampling of the adult population
requires very labour-intensive manual catching
because the diurnal and essentially domestic
adult Ae. aegypti do not respond well to light
traps, even if the traps are supplemented with
dry ice.[3] A more detailed review of Stegomyia
sampling methods was being carried out by
Focks (2003),[4] and it is not necessary for this
paper to re-visit it.

Ovitraps had been used to provide useful
data for Aedes control operation and had been
reported to be more sensitive than the
traditional Stegomyia indices in detecting low
mosquito populations.[5] Ovitraps are devices
designed to attract female mosquitoes to lay
eggs which can then be counted and identified.
The original ovitrap, developed in the United
States for the surveillance of Ae. aegypti, is a
dark-coloured, water-filled container
supplemented with a wooden paddle or velour
paper strip as oviposition substrate.[6] This
design was first used in Singapore in 1969 as a
supplementary measure for the control of Ae.
aegypti in the Paya Lebar International Airport,
Singapore.[7] Subsequently, the design was
modified by adding a floating plastic ring with
fine wire mesh to prevent the escape of
emerged adults. Chan et al.[8] demonstrated
that the resulting autocidal ovitrap was superior
to common domestic containers in attracting
Ae. aegypti to oviposit.

Ovitraps are now commonly used as a
surveillance or monitoring tool in the field.
Lee[9] and Rawlins et al.[10] found that Ae. aegypti
surveillance using ovitraps is more sensitive
than visual inspection for larvae. In the case of
Ae. albopictus, studies by Ang et al.[11] and Yap
et al.[12] indicated that the ovitraps they used
attracted more ovipositioning females of that
species than natural and other artificial
containers.

In situations where the vector populations
have been reduced to such low levels that larval
searches are largely unproductive, ovitraps may
be a useful indicator of the Aedes population.
However, a distinction has to be made
between using ovitraps to detect the presence
of a species in a given area, and using
quantitative ovitrap data as an indicator of the
size of a mosquito population. The latter may
only be feasible under certain conditions, since
ovitrap catches are likely to be affected by
factors other than the number of female
mosquitoes, such as availability of alternative
breeding sites, predation on the eggs, the
physical surroundings of the ovitrap, etc. In the
Philippines, Schultz[13] found that ovitrap
catches did not reflect population changes.
Studies conducted in Singapore showed that
simultaneous adulticiding and source reduction
resulted in no change in ovitrap catches (Giger,
unpublished data). This may suggest that any
effect of a reduction in the mosquito population
was cancelled out by the effect of a reduction
in the number of alternative breeding sites.
Alternatively, the house index in Singapore is
as low as less than 1% and this may also have
an effect on ovitrap catches.

The ability of gravid mosquito females to
distinguish among potential oviposition sites
that will or will not support the growth,
development and survival of their progeny is
critical because a wrong choice may result in
the death of many larvae and affect the
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propagation of the species. Gravid females of
many species show a high degree of
preference in selecting specific oviposition
sites.[14,15] Aedes aegypti uses both physical and
chemical cues in its oviposition site selection.[16]

These cues include the colour of the container,
the texture of the oviposition substrate, and
the water quality. Over the years, various
aspects of the ovitrap have been improved,
such as the structure of the oviposition substrate
and the ovitrap as a whole, the water used,
etc. Different types of organic materials –
leaves, grass, sod, etc. – have been fermented
to create infusions attractive to gravid Ae.
aegypti.[17,18,19,20] Recent reports have shown
that hay infusions were more attractive to
ovipositioning Ae. aegypti females than clean
water.[10,18]

However, Chadee et al.[19] indicated that
there were no significant preferences by gravid
Ae. aegypti mosquitoes to lay eggs in tap water
or various concentrations of hay infusion. They
suggested that this could be due to the
variability in oviposition response in mosquitoes
from different areas or variability in the type of
hay used and differences in the methodology
of preparation. Organic infusions are easy to
make but different mosquito species will need
different optimal infusions. The mass of the
organic material and the fermentation time will
determine the properties of the infusion.

In Singapore, ovitraps are routinely baited
with cow-grass infusion that has been shown
in the laboratory to be more attractive to female
Aedes mosquitoes than clean water (Lam-Phua,
unpublished data). Cow-grass (Axonopus
compressus) is growing throughout the country
in great abundance. It is cut on a monthly basis
and usually disposed of as waste, making it
easily available for this alternative use.

The study presented here consisted of
three experiments, aiming to determine the
concentration of cow-grass infusion that works
best in the field (“Optimum concentration of
infusion”); evaluate the competitiveness of the
autocidal ovitrap baited with cow-grass infusion
against various artificial containers commonly
associated with Ae. aegypti breeding (“Ovitrap
competitiveness”); and ascertain the effects of
mosquito population size and availability of
alternative breeding sites on the ovitrap catch
(“Effects on ovitrap catch”).

Materials and methods

Mosquito colony origin and
maintenance

Aedes aegypti larvae were collected in
Singapore between January and August 2002
and reared to adults. Their offspring were
reared in plastic trays (25 cm × 31 cm × 6
cm) with aged tap water, limiting the number
of larvae to 800 per tray to avoid overcrowding.
The colonies were maintained at 28 ± 1 °C,
79 ± 3% RH, and a photoperiod of
approximately 9:15 hours (L:D). First instar
larvae were initially fed with instant yeast (Bake
King, Singapore). Subsequent instars were fed
with dog chow (Glen Forrest Stockfeeders,
Western Australia). The adults were kept in
Plexiglas cages (30 cm × 30 cm × 30 cm)
fitted with cotton cloth on two sides and were
continuously provided with a 10% sucrose
solution. The F1 and F2 generations were used
in the experiments. The females were blood-
fed on guinea pigs 3–5 days after emergence
and used for the experiments two days later.
This timing ensured that the oviposition peak
four days after the blood meal[21] fell within
the one-week duration of each replicate.
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Preparation of infusion

Fresh cow-grass was collected by a contractor,
cleaned of foreign matter, dried under the sun
and packed in zip-loc bags until further use.
Following a modification of the method of
Reiter et al.,[18] stock infusions were prepared
by fermenting dried cow-grass in tap water at
a rate of 10 g/l. Grass and tap water were
contained in a 50-litre plastic trough and were
fermented for one week at a temperature of
28 ± 1 °C. The infusion was then strained
through a screen to remove the cow-grass, and
kept in plastic canisters at 28 ± 1 °C for not
more than 8 weeks.

Study site

All experiments were carried out in 16 empty
rooms (3.5 m × 3.0 m, 2.5 m high; concrete
walls, floor and ceiling) in the same block of
flats. All windows and openings were sealed
with fine netting to prevent the mosquitoes
from escaping while providing sufficient
ventilation within the rooms. Throughout the
study, the relative humidity and temperature
inside the rooms was 78 ± 11% RH and 30 ±
1 °C.

Experiment 1: Optimum
concentration of infusion

The stock cow-grass infusion was diluted with
week-old aged tap water to obtain a range of
concentrations. For each of the 48 replicates,
four autocidal ovitraps[8] (height 155 mm,
internal diameter 103 mm) with two hardboard
oviposition paddles each (82 mm × 32 mm ×
4 mm) and a floating plastic ring with fine wire
mesh to prevent the escape of emerged adults
were used (Figure 1). Each ovitrap was filled
with 700 ml of cow-grass infusion at four

different concentrations (0%, 25%, 50% and
100%) and randomly assigned to the four
corners of a room. Ten gravid females were
then released into the room and left
undisturbed for 7 days. At the end of that
period, larvae found in the ovitraps were
counted and discarded, while the oviposition
paddles were packed in individual plastic bags
and brought back to the laboratory for
examination. Eggs laid on the paddles were
counted under a stereomicroscope, excluding
empty egg shells. The total number of larvae
and unhatched eggs were tabulated for each
ovitrap. Data analysis was carried out on the
total number of the eggs laid during the 7-day
period, i.e. the number of larvae plus eggs laid
on the paddles. The differences between data
points were tested for significance using
ANOVA (SPSS Ver 15.0).

Figure 1: Autocidal ovitrap. The two
wooden paddles allow mosquitoes to lay
eggs and the float plastic ring with fine

wire mesh helps to prevent the escape of
emerged adult mosquitoes
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Experiment 2: Ovitrap
competitiveness

Autocidal ovitraps baited with the optimum
infusion determined in experiment 1 were
tested against six different artificial containers
that are commonly found in households and
are known to attract oviposition by Ae aegypti
in the field. These containers were: plastic
bottle (height 204 mm, base diameter 60 mm,
transparent); paper cup (height 115 mm,
opening diameter 80 mm, white with green
pattern); plastic pail (3 litres, blue); flower pot
plate (plastic, diameter 130 mm) under a potted
money plant (Scindapsus aureus); aluminium
Coca-Cola drink can (height 80 mm, diameter
58 mm, red and silver); vase (height 200 mm,
opening diameter 65 mm, pink) with two lucky
bamboo plants (Dracaena sp.). All the artificial
containers were filled with week-old aged tap
water to simulate field conditions.

For each of the 48 replicates, three
different artificial containers and one ovitrap
were randomly assigned to the four corners of
a vacant room. The selection of containers for
each replicate was random, with the condition
that each container was included 24 times. Ten
gravid females were then released into the
room for 7 days, after which any larvae in the
containers and ovitraps were counted, and the
containers and oviposition paddles were brought
back to the laboratory and thoroughly
examined for eggs. The total number of larvae
and unhatched eggs were tabulated for each
container and ovitrap. Data analysis was carried
out as in Experiment 1.

Experiment 3: Effects on
ovitrap catch

In this experiment, one ovitrap was placed in
a vacant room together with either 1, 3 or 9
pails as alternative breeding sites, and in each

of these situations either 1, 3 or 9 gravid
mosquitoes were released and left undisturbed
for 7 days. Thus, there were nine different
designs, each of which was replicated four
times. Data collection and analysis were carried
out as in Experiments 1 and 2.

Results

Experiment 1: Optimum
concentration of infusion

In order to determine the optimum
concentration of cow-grass infusion, two rounds
of replicates were conducted. In the first round,
the four concentrations offered were 0% (i.e.
aged tap water only), 25%, 50% and 100% of
the stock infusion. In this round, significantly
more eggs were laid in the ovitraps with 25%
infusion than in ovitraps containing any other
concentration (p<0.01; Figure 2). There was
no significant difference in the amount of eggs
laid in the ovitraps with 0%, 50% and 100%
infusion. In the second round of replicates, the
range of concentrations was narrowed down
to 0–45%. Here the numbers of eggs laid in
15%, 30% and 45%, respectively, were not
significantly different, but all three of these
concentrations received significantly more eggs

Figure 2: Mean number of eggs laid in
ovitraps containing different

concentrations of cow-grass infusion
(Error bars: standard error)
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than 0% (p<0.01). Hence, concentrations
between 15% and 45% can be regarded as
optimum concentrations. For practical reasons
(ease of dilution of stock infusion by vector
control officers in the field) the concentration
of 20% stock infusion was selected for the
standard infusion to be used in the remaining
experiments and subsequent application in the
field.

Experiment 2: Ovitrap
competitiveness

The second experiment aimed to determine
how well the autocidal ovitrap with cow-grass
infusion competes with other types of potential
breeding sites commonly found in the field.
Pitted against three different containers at a
time, the ovitrap attracted an average of 77.1%
of the eggs laid in each replicate (Figure 3),
which is significantly more than any other
container (p<0.01). Among the remaining
containers, the pail attracted significantly more
eggs than any one of the others (p<0.01).
There were no significant differences in the
egg count among the other containers.

To determine the effect of the presence or
absence of the most competitive alternative
breeding site (the pail) on the absolute egg count
in the ovitrap and the total egg count in each
replicate, the replicates with a pail present were
compared with the replicates without a pail. The
presence of a pail did not have any significant
effect on the absolute number of eggs laid in
the ovitrap (mean absolute egg count ± standard
error: with pail 538.5 ± 37.4; without pail 506.8
± 32.3; p>0.05), but the average total egg
count in each replicate was significantly higher
with the pail present (with pail 764.1 ± 32.9;
without pail 595.5 ± 29.4; p<0.01).

Experiment 3: Effects on
ovitrap catch

The third experiment was designed to
determine the respective effects of the
mosquito population size and the number of
alternative breeding sites on the number of
eggs collected from ovitraps. The most
competitive container in experiment 2 (the
pail) was used as an alternative breeding site.

Figure 3: Mean percentage of eggs laid in
the ovitrap (n = 48) and the six alternative

containers (n = 24) in each of 48
replicates offering one ovitrap and

three different alternatives.
(Error bars: standard error)
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The number of alternative breeding sites
had no significant effect on the number of eggs
laid in the ovitrap, but the number of
mosquitoes did (Figure 4, significantly different
values are marked with a, b: p<0.01; c, d, e:
p<0.05). However, the ovitrap catch did not
increase linearly with the number of
mosquitoes released into the room; with nine
mosquitoes, the number of eggs in the ovitraps
was, on average, less than twice that with
three mosquitoes.

Discussion

As a product of fermentation, grass infusion
may vary greatly in its attractive properties,
depending on the quality and relative amounts
of grass and water used, duration of
fermentation, ambient temperature during
fermentation, subsequent dilution and possibly
other factors. However, if grass infusion is to
be used in ovitraps for the purpose of
quantitative monitoring of mosquito
populations, its properties should ideally be
constant and reproducible in order to allow
comparisons over time and between ovitraps.
In an attempt to standardize our cow-grass
infusion as much as possible, we used dried
grass and controlled the ratio of grass to water,
ambient temperature and duration of
fermentation to prepare a stock infusion.
Experiment 1, carried out to determine the
optimum dilution of the stock infusion,
demonstrated that ovipositing females
preferred infusions prepared from 15–45%
stock infusion. Taking pragmatic considerations
into account, the optimum concentration for
the subsequent experiments as well as the
application in operational monitoring was thus
defined as a 1:4 dilution (to obtain a
concentration of 20%) of the stock infusion.

The competitiveness of the autocidal
ovitrap against a range of other containers had

previously been tested for Ae. albopictus with
all containers in close proximity.[7] In Experiment
2 we attempted to evaluate that
competitiveness for Ae. aegypti and in a setting
more representative of the situation in the field,
where ovitraps are not placed immediately next
to competing breeding sites. However, due to
operational constraints, our experiments had
to be conducted within the confines of single
rooms, which is still very different from the
field situation, where the closest water-bearing
container may be far away from the ovitrap
and may be in a different room of a building or
otherwise physically separated. Furthermore,
the mosquitoes in our experiments were
confined for one week in the vicinity of the
same four breeding sites, which is unlikely to
be the case in the field. Nevertheless, both
experiments 2 and 3 demonstrate that, in a
setting which provides the mosquitoes with
ample opportunity to investigate all available
oviposition sites, the ovitrap was much more
competitive than any of the other containers
tested. This high acceptability of the ovitrap
with grass infusion to ovipositing females –
even in the presence of other potential
breeding sites – means that the ovitrap is well
suited for the application as a monitoring tool
in the field.

Even a very competitive ovitrap might be
expected to receive fewer eggs in the presence
of alternative oviposition sites. However, the
results of experiment 2 reveal that the presence
of a pail (the most competitive alternative
container) did not decrease the absolute
number of eggs laid in the ovitrap but, rather,
increased the total number of eggs laid.
Similarly, in experiment 3, the number of
alternative breeding sites had no bearing on
the ovitrap catch. These findings may be
explained by the fact that all available
oviposition sites were offered within one room
and the mosquitoes were confined to that
room. Ae. aegypti females are known to
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distribute their eggs among a number of
oviposition sites (“skip oviposition”).[22,23] In the
field, mosquitoes would encounter different
oviposition sites sequentially, and the quality
of an alternative breeding site encountered
before an ovitrap may well affect the
mosquito’s subsequent exploration and, thus,
its chances of finding the ovitrap in the first
place. On the other hand, after laying a clutch
of eggs in an ovitrap in the field, the mosquito
may well move out of the vicinity of the ovitrap
and not return, a behaviour which would have
been prevented in our experiment, leading to
repeated oviposition in the ovitrap. These
speculative arguments require further
investigation, but they illustrate that the results
of the experiments reported here do not rule
out that the catches of ovitraps set in the field
are affected by the number of alternative
oviposition sites in the area.

In Experiment 3, the number of eggs laid
in the ovitrap increased with the number of
the mosquitoes present. This increase, however,
was non-linear, with fewer eggs laid per
mosquito when more mosquitoes were present.
While the total number of eggs laid in each
replicate increased more or less linearly with
the number of mosquitoes, the ovitrap
collected a decreasing share of these eggs. In
other words, each mosquito, on average, laid
fewer eggs in the ovitrap (the most attractive
container) when there were more mosquitoes
competing for the same oviposition sites. This
finding, as well as the result of experiment 2

where more eggs were laid, in total, with two
attractive containers available (ovitrap and pail)
than with only one (ovitrap), suggests that there
is a limit to the number of eggs an ovitrap can
accommodate. The nature of such a restriction
to oviposition remains unclear, but this finding
agrees well with studies that demonstrated that
female Ae. aegypti lay fewer eggs in containers
with higher existing egg density.[24,25]

This study has established that the
autocidal ovitrap baited with a standardized
cow-grass infusion is highly competitive against
oviposition sites commonly encountered in the
field. Consequently, this ovitrap is well suited
for Aedes surveillance in Singapore as far as
the choice of container and infusion is
concerned. The present knowledge is
insufficient, however, to conclude whether
quantitative data collected with these ovitraps
would be able to provide a measure of the
mosquito population in the field. To determine
that, more research is required into the
competitiveness of the ovitrap under true field
conditions, as well as the nature of the apparent
limit to the capacity of the ovitrap.
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