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Host-seeking of the malaria mosquito Anopheles gambiae sensu stricto is
mediated by human odours. Dual-choice olfactometers are used to
identify attractive odour components. We examined whether an olfac-
tometer equipped with a funnel as trap entry would catch more mos-
quitoes than when with a baffle. When tested directly against each
other using a human skin extract as stimulus, the funnel caught more
mosquitoes in the first of the two experiments performed. In the sec-
ond experiment, worn socks were used as an attractive odour source
instead of human skin washings. This experiment showed that the
total response of mosquitoes was significantly higher when funnels
were used in both trapping devices than when baffles were used.
Increasing the total number of mosquitoes trapped by using a funnel,
can make it easier to distinguish which odour is more attractive when
odours are tested that only differ little in their attractiveness.
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Odours play an important role in the host seeking of mosquitoes (Takken &
Knols 1999). The host-seeking flight of a mosquito can roughly be divided into
long range, medium and short range attraction. Long distance attraction is deter-
mined by odour stimuli, medium attraction by odours and CO2 and attraction on
short distance by odours, CO2 and non-olfactory cues, such as heat, body mois-
ture and visual cues (Gillies & Wilkes 1969, Takken 1991). The malaria mosqui-
to Anopheles gambiae Giles sensu stricto (Diptera: Culicidae) (henceforth termed
An. gambiae), however is nocturnal and therefore visual cues are of minor impor-
tance. An. gambiae is highly attracted to odours emitted from the human skin
(Takken & Knols 1999). Identifying odours that are used by mosquitoes to locate
their host can be important in the development of odour-baited traps. Wind tun-
nels and olfactometers have long been used to test the behavioural response of
mosquitoes to odours (Acree et al. 1968, Eiras & Jepson 1991, Geier & Boeckh
1997). In 1994, Knols et al. developed a dual-choice olfactometer to test the behav-
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ioural response of An. gambiae (Fig. 1), which was the first effective 2-choice sys-
tem available for studying the behavioural response of this mosquito species.
Since then, numerous experiments have shown the effectiveness of the setup in
testing the olfactory response of An. gambiae to individual odours (Smallegange
et al. 2005), blends of odours (Knols & Meijerink 1997, Smallegange et al. 2005)
and human skin emanations (Pates 2002, Qiu et al. 2004, Qiu et al. 2006).
However, since 1994 the olfactometer has not been changed in order to increase
the effectiveness of the system, or to test why it is effective. Increasing the dis-
criminative power of the system will increase the efficiency of experiments,
especially when tested odours differ only slightly in their attractiveness. It was
tested if the use of a funnel instead of a baffle as trap entry in the olfactometer
would increase the efficiency of the trapping system. Human skin washing sam-
ples and worn socks have shown to be an attractive odour source to An. gambiae
and were used as a standard odour source (Pates et al. 2001, Pates 2002, Qiu 2005,
van Agtmaal 2006).

MATERIALS AND METHODS

Insects
The An. gambiae colony at Wageningen University, The Netherlands, originat-
ed from Suakoko, Liberia. The mosquitoes have been cultured in the laboratory
since 1988 with blood meals from a human arm twice a week. The adult mosqui-
toes were maintained in 30 x 30 x 30 cm gauze-covered cages in a climate-con-
trolled room (27 ± 1°C, 80 ± 5% RH, LD 12:12). They had access to a 6% (v/v) glu-
cose solution on filter paper. Eggs were laid on wet filter paper, emerged in tap
water in plastic trays and fed daily with Tetramin® baby fish food. Pupae were
collected daily and placed in adult cages for emergence.

Olfactometer
A dual-port olfactometer (Fig. 1) (Knols et al. 1994, Braks & Takken 1999) was
used for the experiments. Pressurized air was charcoal filtered, humidified and
led through two glass mosquito trapping devices, which were linked to two ports
(diameter 5 cm, 30 cm apart). Trapping devices were equipped with either a baf-
fle or a funnel (Fig. 2), depending on the experiment. The air entered the flight
chamber (1.60 x 0.66 x 0.43 m) with a speed of 0.21 ± 0.01 m/s, temperature of 28.5
± 0.8°C and relative humidity above 80%. The experimental room was main-
tained at a temperature of 26.6 ± 0.7°C and a relative humidity of 63.6 ± 2.7%.

Experiments were prepared and performed according to the methods des-
cribed by Smallegange et al. (2005). For each experiment thirty female mosqui-
toes of 5-8 days old, which had not received a blood meal, were selected 14-18
hours before and placed in a cylindrical release cage (d=8, h=10 cm) with access
to tap water from damp cotton wool. The experiments were performed during
the last 4 h of the dark period, when An. gambiae females are known to be more
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responsive to host-odours (Maxwell et al. 1998, Killeen et al. 2006). In each trial
test odours were released in the air stream before a group of mosquitoes was set
free from a cage which was placed at the downwind end of the flight chamber,
1.60 m from the two ports. Mosquitoes were left in the flight chamber for 15 min.
The female mosquitoes that had entered either trapping device were counted at
the end of the experiments, after anaesthetization with 100% CO2. Mosquitoes
remaining in the flight chamber were removed with a vacuum cleaner. Each trial
started with new mosquitoes, clean trapping devices and new stimuli. The
sequence of treatments was randomized on the same day and between days.
Treatments were alternated between right and left ports in different replicates
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Figure 1. A diagram of the dual-choice olfactometer (modified after Pates et al., 2001).

Figure 2. Schematic drawing and picture of a trapping device for the olfactometer
equipped with a baffle or funnel. All dimensions are in centimeters.
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to rule out any positional effects. Surgical gloves were worn by the experimenter
to avoid contamination of the equipment with human volatiles.

Odour sources
Previous research showed that human skin washing with ethanol is a reliable
mosquito attractant (Pates 2002). Human skin washing samples were collected,
since it has the advantage that it can be used in the behavioural bioassay as a
standard attractive odour source. Cotton wool (approx. 5 x 5 cm) pads with
ethanol were used to rub both hands, under the arm pits and feet of a human sub-
ject (female, 39 years old) for two minutes. Twenty five cotton wool pads con-
taining human skin emanations were packed in a glass column (1 m long) and
eluted with 550 ml absolute ethanol (Merck). The ethanol elution was concen-
trated from 190 ml to 27 ml using a rotating vacuum evaporator, 55°C and 625
mBar. The concentrated skin washing samples were decimally diluted in ethanol
and stored at -20 °C until use.

Before each olfactometer experiment 100μl of cold-stored diluted (1:1000)
human skin washing sample was pipetted onto a sand blasted glass slide (7.6 x
2.6 cm) (Braks & Takken 1999). After evaporation of the ethanol, slides were
placed in both trapping devices and mosquitoes released. Previous experiments
showed that a dilution of the skin washing sample of 1:1000 was most attractive
for An. gambiae in the same olfactometer (van Agtmaal 2006).

Worn socks were also used as an attractant. Nylon socks (Hema, The
Netherlands) were worn for 24 hours by a human volunteer (Male, 28 years old).
The volunteer refrained from alcohol, garlic and spicy food for 24 hours. The last
shower was without soap and the volunteer did not use any soap, deodorant or
perfume when wearing the socks. Socks were stored at -20°C until use.

Experiment 1
It was examined whether using a funnel instead of a baffle would increase the
number of mosquitoes caught in the trapping device. The trapping devices in the
olfactometer were equipped with either a baffle or funnel at the point of entry.
Baffles and funnels were tested directly against each other in the olfactometer to
compare trap entry response. Also tests with only baffles or only funnels were
done to compare the total trap entry response. Skin washing samples with a dilu-
tion of 1:1000 were used as an attractant. As a control, a worn sock was tested
against a clean sock in trapping devices with baffles. Clean air experiments were
done to determine trap entry response when no odour was present. Experiments
were repeated six times on different days.

Experiment 2
The experimental setup was equal to that of experiment 1, with the exception
that worn socks were used as an attractant instead of skin washing samples.
Experiments with baffles and worn socks or funnels and worn socks were per-
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formed twice each day, for five days. Experiments, during which a baffle and a
funnel were tested directly against each other, were performed only once a day
for five days, as were the control experiments. Experiments were performed for
five days.

Statistics
For each two-choice test in the olfactometer a χ2-test was used to analyze
whether the total (i.e. sum of all replicates) number of mosquitoes that was
trapped in the treatment trapping device and the total number that was trapped
in the control trapping device differed from a 1:1 distribution. A Generalized
Linear Model with binomial function (GLM; Genstat for Windows, release 9.2)
was used to investigate the effect of treatments on the trap entry response; the
effect of a treatment on the number of female mosquitoes caught in both trap-
ping devices as percentage of mosquitoes that flew out of the release cage.

RESULTS
In the first experiment, when a baffle and funnel were tested directly against each
other, the trapping device with a funnel caught significantly more mosquitoes
than the one with a baffle (χ2-test, P<0.001) (Fig. 3). A worn sock caught signifi-
cantly more mosquitoes than a clean sock (χ2-test, P<0.001). The total response
was significantly higher when a sock was used compared to the other treatments
(GLM, P<0.05). No significant effect was found of skin washings, baffles or fun-
nels on the total response (Fig. 3). The experiments with clean air only showed
that the trapping system was symmetrical with a total response of 21-24%.
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Figure 3. Average response of An. gambiae when trapping devices were equipped with
baffles or funnels. Skin washings (SW) or worn socks were used as an attractant.
Error bars represent standard errors of the mean; ***: χ2-test P<0.001. R=Total response
in both trapping devices, data not sharing the same superscript letter differ significant-
ly (GLM, P<0.05).
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In the second experiment, no significant difference between a baffle and a
funnel was found when they were tested directly against each other (χ2-test,
P=0.1967) (Fig. 4). Again a worn sock caught significantly more mosquitoes than
a clean sock (χ2-test, P<0.001). The total response was significantly higher when
funnels were used in both trapping devices than when baffles were used (GLM,
P<0.05) (Fig. 4).

DISCUSSION
When baffles and funnels were tested directly against each other, the two exper-
iments showed conflicting results. In the first experiment, the trapping device
with a funnel caught significantly more mosquitoes than the trapping device
equipped with a baffle. In the second experiment no significant difference was
found between the two types of trap entrance. The only difference between the
experiments was the use of skin washings in the first experiment and worn
socks in the second experiment. Worn socks were highly attractive, skin wash-
ings were not. Maybe this shows the discriminative power of a funnel when an
odour is only slightly attractive. Previous experiments have shown that skin
washing samples can be attractive to An. gambiae (Pates 2002, van Agtmaal
2006), whereas our results did not show any attractiveness of the samples.
Although van Agtmaal (2006) showed that a dilution of 1:1000 of the original
sample showed maximum attractiveness, storage might have had a negative
influence on the concentration or composition of the original sample. Further
research should indicate what affected the skin washing samples and what made
them scarcely attractive to An. gambiae.

Because the first experiment showed that skin washing samples were not
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Figure 4. Average response of An. gambiae when trapping devices were equipped with
baffles or funnels. Worn socks were used as an attractant. Error bars represent stan-
dard errors of the mean; ***: χ2-test P<0.001. R=Total response in both trapping
devices, data not sharing the same superscript letter differ significantly (GLM, P<0.05).
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attractive, worn socks were used in the second experiment to increase the total
number of mosquitoes caught. In this second experiment, the total number of
mosquitoes caught when using a funnel was significantly higher than when
using a baffle. Thus, trapping devices equipped with a funnel-like entrance are
more efficient than traps equipped with a baffle. When odours are tested which
only differ little in their attractiveness, increasing the total number of mosqui-
toes trapped by using a funnel can make it easier to distinguish which odour is
more attractive. Another advantage of the funnel is that it is easier to fit in the
tunnel and less breakable than the glass baffle.

The aim of research on odours that may play a role the host seeking behav-
iour of mosquitoes is to develop a trap which can be used to catch and/or mon-
itor mosquitoes in the field. The results presented here should be taken into
account when developing new traps.
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