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Técnica de Gravagdo do Voo Tridimensional de Aedes aegypti (L.)
em Tunel de Vento

RESUMO - Uma nova técnica de gravar voos em 3-dimensdes (3-D) de fémeas
de mosquitos Aedes aegypti (L.) em tinel de vento foi estudada. Os resultados
demonstraram a importincia do voo vertical pelos mosquitos durante o
comportamento de procura do hospedeiro. Os percursos em 3-D demonstraram
que 0 mosquito utilizou o voo vertical e lateral logo apos a sua saida pluma de
odor. Os voos se mantiveram constantes na lateral e vertical quando o inseto
permaneceu dentro da pluma ou em posig¢do transversal a pluma.
PALAVRAS-CHAVE: Insecta, cairomodnios, tunel de vento, técnica de
video-gravagio, odor.

ABSTRACT - A technique for recording 3-dimensional (3-D) flights of fe-
male mosquitoes Aedes aegypti (L.) within a wind tunnel is described. Pre-
liminary results showed the importance of vertical flights used by mosquitoes
in host location behavior. The 3-D flight tracks demonstrated that the mosqui-
toes changed the direction of their upwind flight in both vertical and lateral
dimensions when the odor plume was lost. However, they maintained rela-
tively constant vertical and lateral courses during upwind flight within plumes,
at the edges of the odor plume and/or during cross wind flight.

KEY WORDS: Insecta, kairomones, wind tunnel, video recording technique,
odor plume.
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Wind tunnel studies have been used exten-
sively to identify and evaluate behaviorally ac-
tive compounds such as sex pheromones
(Witzgall & Priesner 1991), plant kairomones
(Nottingham & Coaker 1985), host kairo-
mones (Eiras & Jepson 1991), and other
semiochemicals (Baker & Linn 1984). Both
“long-range” (activation and upwind flight) and

“close-range” (landing at the odor source) re-
sponses of insects to odor sources have been
examined in wind tunnels (Kennedy 1977). The
patterns of upwind flight that insects use to fly
towards an odor source have been throughly
described (Kennedy 1983).

Insect orientation mechanisms, flight
speed and direction have usually been re-
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corded by a fixed video camera, placed verti-
cally above the flight chamber (Marsh ef al.
1978, Murlis et al. 1982, Nottingham &
Coaker 1987, Sanders 19835, Pile et al. 1991).
This may provide inaccurate estimations of
flight speed because the vertical component
of flight is not measured. Video techniques
for recording 3-dimensional (vertical and
horizontal components) insect flights have
been employed for interpreting the mecha-
nisms used by insects to locate odor sources
(Riley et al. 1990, Witzgall & Arn 1991).

Carbon dioxide is known to act as a host
kairomone for female mosquitoes, Aedes
aegypti (L.) (Diptera: Culicidae) (Gillies 1980).
In wind tunnel studies CO, elicits the complete
sequence of host-location behaviors: take-off,
upwind flight and landing at the source (Eiras
& Jepson 1991). Lactic acid is another host
kairomone, but when tested singly it does not
elicit the complete sequence of host-location
behaviors. [t may also inhibit landing at a source
of carbon dioxide (Eiras & Jepson 1991). Mos-
quitoes perform straight upwind flights when
CO, is presented at low concentrations, whereas
they exhibit zig-zag flights at high CO, concen-
trations (A.E. Eiras & PC. Jepson, unpublished).
Mosquitoes also use vertical movements in odor
location, as demonstrated in vertical
olfactometer bioassays (Eiras & Jepson 1994).
This paper describes a technique for studying
3-dimensional flight of mosquitoes in response
to carbon dioxide and lactic acid plumes.

Material and Methods

Wind tunnel and 3-D flight track analysis.
The wind tunnel was made of plastic tubing
which, when inflated, formed a 1.5 meter long,
cylindrical tunnel with a diameter of 38 ¢m
(Jones et al. 1981). The tunnel was inflated by
two electric fans, which delivered air vertically
downwards through a 3 cm deep layer of
activated charcoal (Eiras & Jepson 1991). The
wind tunnel was maintained at 27 + 2°C and
65 = 5% RH, with a light intensity of 10 lux
and a wind speed of 0.1 m/s.

Flight patterns were characterized by us-
ing two video-cameras. A Panasonic WV-
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CDI130L camera was mounted vertically to
record upwind flight (lateral flights “X”* and
“Y coordinates), and a Panasonic WV-1900
camera was mounted on a tripod to produce a
side view of the tunnel (vertical flights “X”
and “Z” coordinates). Both cameras were set
up to record an area (55x25 cm) downwind
from the point source odor. A grid of 2 cm
squares, drawn on white cards were attached
to the base and back wall of the wind tunnel.
This provided a reference point from which
measurements could be made and increased
contrast in order to improve the visualization
of flying insects.

The outputs from the cameras passed
through a video mixer (VMC81, Electrocraft
Ltd.), which enabled both images to be dis-
played on the same screen. A 12", Panasonic
(WV-5410) high resolution monitor was used
to visualize flight tracks. A time date genera-
tor (Digital Data Systems Ltd.) was used to
provide reference times in intervals of 0.01s.
Mosquito flights were recorded in real time
using a Hitachi VI-L30ED, time-lapse video
recorder, recording at 50 frames/s.

Mosquito flights were analyzed, frame-
by-frame, by playing back the video record-
ing. From both sets of images, successive po-
sitions of the insects were plotted on a clear
acetate sheet, taped to the viewing screen.
These positions corresponded to coordinates
on the background grid. Odor plume strue-
ture of carbon dioxide and lactic acid were
simulated using ammonium dichloride vapor
emerging from a glass tube, and from a cot-
ton pipette filter, respectively. The visualized
odor plume shapes were also drawn on clear
acetate sheets. Flight behavior patterns in-
side and outside of these plume boundaries
were determined by superimposing upwind
flight track records on the odor plume maps.

Bioassays. After a 15 min. acclimatization
period, five female A. aegypri were released
at the downwind mesh from a release tube.
Five, seven- to ten-days old female 4. aegypti
were tested in each test. Each group of insects
was tested only once. The release device
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consisted of a small flow chamber (plastic
spittle cup) which released the carbon dioxide
at a controlled flow rate from the glass tubing
(0.5 cm diam.). A wetted cylindrical pipette
filter was placed tightly within a glass vial
(4.0 x 0.7 mm) containing the lactic acid
solution. The release devise produced a
discrete plume that expanded downwind. The
flow rate gave a concentration of 0.11%
carbon dioxide at the mosquito release tube,
which is sufficient to elicit the complete
behavioral sequence in host location (Eiras
& Jepson 1991). Lactic acid solutions were
prepared from 85% syrup (Sigma Chemicals
Ltd.) and also placed in the discrete plume
apparatus at a concentration of 85 pg/ml in
distilled water. This concentration elicited the
highest behavioral responses in female A.
aegypti when combined with the 20% (v)
carbon dioxide concentration in the discrete
plume apparatus (Eiras & Jepson 1991).

Results and Discussion

The recording areas covered by both video
cameras were sufficient to observe complete
upwind flights. Track analysis demonstrated
that random flights were exhibited during con-
trol treatment at least with respect to the odor
plume (Fig. 1). However, when either the car-
bon dioxide or lactic acid odor plumes were
present the upwind flight tracks of female A.
aegypti were non-random (Figs. 2, 3).

The vertical and lateral flight tracks (“Y-Z”
graph) were produced by using coordinates
from the mosquito positions from both images
(vertical and horizontal). In general, large ver-
tical and lateral displacements in upwind flight
were observed after the odor plumes were lost
(Fig. 2, 3). Mosquitoes flying upwind within
the odor plume (Fig. 2), at the edge of the plume
and/or engaging in cross wind flight (Fig. 3)
exhibited small deviations in the vertical and
lateral dimensions.

The flight tracks demonstrated that female
A. aegypti performed zig-zag upwind flights
in both axes (lateral and vertical) when they
were at the edge or out of the odor plume.
Once the odor plume was lost, mosquitoes
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Figure 1. Flight track of a female Aedes
aegypti in the control treatment (water and
purified air). Mosquitos maintained relatively
constant vertical flight during a cross wind
flight (1) and performed vertical flight when
out of the odor plume ( { ). Arrows indicate
direction of the upwind flight. Points are 0.04
s intervals. (a) front view, (b) side view and
(c) top view.

were likely to use vertical and lateral upwind
flights in order to maintain their position
within the odor plumes. This particular
behavior also has been observed in Lepi-
doptera responding to sex-pheromones
(Marsh et al. 1978, Kennedy 1983).

Our recording show that mosquitoes use
vertical flight as well as horizontal flight dur-
ing host location. By not considering the ver-
tical component of their flight an important
aspect of their orientation behavior would
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Figure 2. Flight track of a female Aedes
aegypti landing on the carbon dioxide point
source within a cloud of lactic acid. Mosquito
maintained relatively constant vertical and
horizontal flights during an upwind flight in
the plume (o) of carbon dioxide. Both verti-
cal and lateral displacement were observed
after mosquitoes lost the plume ( ( ). Ar-
rows indicate direction of the upwind flight.
Points are 0.04 s intervals. (a) front view, (b)
side view and (c) top view.

have been overlooked. Although flight speed
was not measured in the present study, not
considering all three dimensions of flight
could bias estimates of flight speed (Marsh
et al. 1978, Murlis ef al. 1982). Few investi-
gations of flight behavior have taken vertical
flight into consideration (David er al. 1982,
Gibson & Brady 1985, Warnes 1989, Pile et
al. 1991) and at least for observing behaviors
and for estimating flight speed.
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Figure 3. Flight track of female Aedes
aegypti to a point source of lactic acid alone
within a cloud of carbon dioxide. Mosquito
maintained constant vertical and horizontal
flights at the edge of the odor plume ( { )
and both vertical and lateral displacement
were observed after the plume was lost ( ().
Arrows indicate direction of the upwind
flight. Points are 0.04 s intervals. (a) front
view, (b) side view, and (c) top view.

The technique of delineating an area cov-
ered by a visual plume gives only an esti-
mate of the volume described by the natural
odor plumes. When flight tracks were placed
over the plume structure, however, it was ob-
served that mosquitoes changed flight pat-
terns after losing the odor plume. Thus, the
real plume structures of carbon dioxide and
lactic acid are likely to be similar to the visual
plume. Flight tracks also demonstrated, for
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the first time, that female A. aegypti deviated
from the main odor plume axis (both in the
horizontal and vertical planes) during an up-
wind flight within the odor plumes. Similar
flight patterns also have been observed in re-
sponse to the main synthetic sex pheromones
in moths (Witzgall & Arn 1991).

The technique used herein was very labori-
ous, tedious and time-consuming, especially to
produce the 3-D graph (“Z-Y" coordinates).
Thus, it would be useful to develop a computer
system that continuously determines the posi-
tion of the insect in the wind tunnel. Such a
technique has recently been used to record 3-D
flights of male Lobesia botrana (D.)
(Lepidoptera: Olethreutidae) responding to fe-
male sex pheromones (Witzgall & Arn 1991).
However, this recording technique uses expen-
sive video equipment and sophisticated soft-
ware that are not commercially available (H.
Arn, personal communication to A.E. Eiras).
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