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Técnica de Gravação do Vôo Tridimensional de 4edes aegi.pti (L.) 
em Túnel de Vento 

RES1J MO - Uma nova técnica de gravar VÔOS em 3-dimensões (3-D) de fémeas 
de mosquitos .4edes aegi'pti (L.) em túnel de vento foi estudada. Os resultados 
demonstraram a importância do vôo vertical pelos mosquitos durante o 
comportamento de procura do hospedeiro. Os percursos em 3-D demonstraram 
que o mosquito utilizou o voo vertical e lateral logo após a sua saída pluma de 
odor. Os vôos se mantiveram constantes na lateral e vertical quando o inseto 
permaneceu dentro cia pluma ou em posição transversal à pluma. 

PALAVRAS-CHAVE: 	Insecta, cairomônios, túnel de vento, técnica de 
video-gravação, odor. 

ABSTRACT - A technique for recording 3-dimensional (3-D) flights of fe-
male moscluitoes .4edes aegvpri (L.) within a wind tunnel is described. Pre-
lirninary results showed the importance of vertical flights used by mosquitoes 
in host location behavior. The 3-D flight tracks demonslrated that the mosqui-
tocs changed the direction of their upwind flight in hoth vertical and lateral 
dimensions when the odor plume was lost. However. they maintained rela-
tively constant vertical and lateral courses during upwind ílight within plumes, 
ai the edges of the odor plume andlor during cross wind flight. 

KEY WORDS: Insecta, kairomones, wind tunnel, video rccording techniquc, 
odor plume. 

Winil tunnel studies have been used exten-
sively to identify and evaluate hehaviorally ac-
tive compounds such as sex pheromones 
(Witzgall & Priesner 1991). plant kairomones 
(Nottingham & Coaker 1985), host kairo-
niones (Eiras & Jepson 1991 ), and other 
scrniochemicals (Baker & Linn 1984). Both 
"long-range" (activation and upwind flight) and  

"dose-range" (landing at the odor source) re-
sponses of insects to odor sources have been 
examined in wind tunnels (Kennedy 1977). íhc 
panerns of upwind flight that insects use to fly 
towards an odor source liave been throughly 
descrihed (Kennedy 1983). 

lnsect orientation mechanisms, flight 
speed and direction have usually been re- 
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corded by a fixed video caniera, placed verti-
cally above thc flight chamber (Marsh ei ai. 
1978, Murlis ei ai. 1982, Nottingham & 
Coaker 1987, Sanders 1985, Pile ei ai. 1991). 
This may provide inaccurate estimations of 
flight speed hecause the vertical component 
of flight is nol measured. Video techniques 
for rccording 3-dimensiona! (vertical and 
horizontal components) insect flights have 
been employed for interpreting the mecha-
nisms used bv insects to locate odor sources 
(Riley ei ai. 1990. Witzgal 1 & Arn 1991). 

('arbon dioxide is known to act as a host 
kairomone for female mosquitoes..íedes 
aegipii (L.) (Diptera: Cu]icidae) (Gillies 1980). 
ln wind tunnel studies CO, elicits thc complete 
sequence of host-Iocation behaviors: take-offi 
upwind flight and landing at the source (Eiras 
& .Jepson l 99 1). Laclic acid is another host 
kaironione. but when tested singly it does not 
elicit the complete sequence of host-Iocation 
behaviors. lt may also inliíhit landingat a source 
ot'carbon dioxide (Eiras & Jepson 1991). Mos-
quitoes perform straight upwind tlights when 
CO, is presented at low concentrations, whereas 
they exhibit zig-zag flights at high CO, concen-
trations (A.E. Eiras & P.C. Jepson. unpublished). 
Mosquitoes also use vertical movemcnts in odor 
location, as demonstrated in vertical 
ol factometer hioassays (Eiras & Jepson 1994). 
This paper describes a technique for studying 
3-dimensional flight ofmosquitoes iii response 
to carbon dioxide and laciic acid plunies. 

Material and Methods 

Wind tunnel and 3-11) flight track analysis. 
The wind tunnel was made of plastic tubing 
which, when inílated, formcd a 1.5 meter long. 
cylindrical tunnel with a diarneter of 38 cm 
(Jones ei ai. 1981). The tunnel was inflated by 
two electrie fins, which delivered air vertically 
downwards through a 3 cm deep layer of 
activated charcoal (Eiras & Jepson 1991). The 
wind tunnel was rnaintained at 27 ± 2°C and 
65 ± 5110 RH, with a light intensity of lO lux 
and a wind speed of0.1 m/s. 

Flight iiatterns were characterized by us-
ing Iwo video-cameras. A Panasonic WV- 

CDI 30L 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 vicw of the tunnel (vertical íliuhts "X" 
and "Z" coordinates). Both cameras were set 
up to record an arca (55x25 cm) downwind 
from the point source odor. A grid of 2 cm 
squares, drawn on white cards were attachcd 
to the base and back wall ofthc wind tunnel. 
This provided a reference point froin which 
measurements could be niade and increased 
contrast in order to irnprove the visualization 
oU flying insects. 

The outputs from the canieras passed 
through a video mixer (VMC8 1. ElectrocraQ 
Ltd.), which eiiabled both iniages to be dis-
played on the same screen. A 12'. Panasonic 
(WV-54 lO) high resolution monitor was used 
to visualize flight tracks. A time date genera-
tor (Digital Data Systems Ltd.) was used to 
provide reference tinies in intei-vals of0.01 s. 
Mosquito flights were recorded in real time 
using a Hitachi VT-1-30ED, time-lapse video 
recorder. recording at 50 frames!s. 

Mosquito flights were analyzed. frame-
hy-franie, by playing hack the video record-
in—. Frorn both scts of imagcs. successive p0-

sitions ofthe insects were plotted on a clear 
acelate sheet, taped to thc viewing screen. 
These positions corresponded to coordinates 
on the hackground grid. Odor plume struc-
ture of carbon dioxide and lactic acid were 
simulated using animonium dichloide vapor 
emerging from a glass tLihe, and froni a cot-
ton pipelte l'iltcr. respectively. The visualized 
odor plume shapes were also drawn on clear 
acelate sheets. Flight bchavior patterns iii-
side and outside of these plurne boundarics 
were determined by superimposing upwind 
flight track records on the odor plume maps. 

Bioassays. After a IS mm. acclimatization 
period, five female A. aeg-vpti were rcieased 
at the downwind mesh froni a release tube. 
Five, seven- to ten-days old femaleA. aegvpti 
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 
ata controlled flow rate from the glass tubing 
(0.5 cm diam.). A wetted cylindrical pipette 
filter was piaced tightly within a glass vial 
(4.0 x 0.7 mni) containing the lactic acid 
solution. The release devise produccd 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 iii 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 ig/nil iii 
distilied water. This concentration elicited the 
highest hehavioral responses in fernale A. 
aegi'pti when comnbined with the 20% (v) 
carbon dioxide concentration iii the discrete 
plume apparatus (Eiras & Jepson 1991). 

Results and Discussion 

The recording areas covered by botli video 
cameras were sut'ficient to observe complete 
upwind flights. Track analysis dcnionstrated 
that random flights were exhihited during con-
flol treatnient at Ieast with respect to the odor 
plume (Fig. 1). However, when either the car-
bon dioxide or lactic acid odor plumes were 
presem the upwind flight tracks of female A. 
aegvpti were non-randorn (Figs. 2. 3). 

The vertical and lateral !light tracks ("Y-Z" 
graph) werc produced hy using coordinates 
from the mosquito positions from hoth images 
(vertical and horizontal). ln general, large ver-
tical and lateral displacements in upwind flight 
were ohserved after the odor plurnes were lost 
(Fig. 2. 3). Mosquitoes flying upwind within 
the odor p1 urne (Fig. 2), ai the edge of the plume 
and/or engaging in cross wind flight (Fig. 3) 
exhibited small deviations in the vertical and 
lateral climensions. 

The flight tracks demo nstrated that female 
A. aegvpti performcd 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 plunie was iost. mosquitoes 

Figure 1. Fiight track of a female Aedes 
aegvpii iii the control treatmcnt (watcr and 
purified air). Mosquitos maintained relatively 
constam vertical flight during a cross wind 
flight (1) and perfhrrned vertical flight when 
out of the odor plume ( 1. Arrows indicatc 
direction ofthc upwind flight. Points are 0.04 
s intervais. (a) front view, (b) side view and 
(c) top view. 

were likely to use vertical and lateral upwind 
flights in order to maintain thcir position 
within the odor plumes. This particular 
behavior also lias been observed in Lepi-
doptera responding to scx-pheromoncs 
(Marsh ei ai. 1978, Kennedy 1983). 

Our recording show that moscluitoes use 
vertical flight as weli as horizontal flight dur-
ing host location. By not considering the ver-
tical coniponent oftheir flight an irnporlant 
aspect of their orientation hchavior would 
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Figure 2. Flight track of a female Aedes 
aegv/ni landing on the carbon dioxide point 
source within a cloud oflactic acid. Mosquito 
rnaintained relatively constant vertical and 
horizontal flights during an upwind flight in 
the piume (o) of carbon dioxide. Both verti-
cal and latcral displaccment were observed 
after mosquitoes Iost the plunie ( ( ). Ar-
rows indicate direction of the upwind flight. 
Points are 0.04 s intervais. (a) front view, (b) 
side view and (e) top view. 

Figure 3. Flight track of female Aedes 
aegvpii to a point source of lactic acid alone 
within a cloud of carbon dioxide. Mosquito 
maintained constam vertical and horizontal 
flights at the edge of the odor plume 
and both vertical and lateral displacement 
were observed after the plurne was lost ( ( ). 
Arrows indicate direction of the upwind 
flight. Points are 0.04 s intervals. (a) front 
view, (b) sidc view, and (e) iop view. 

have been overlooked. Aithough flight speed 
was nol nieasurcd in the present study, not 
considering ali thrce dimensions of flight 
could bias estimates of flight speed (Marsh 
eial. 1978. Murlis ei ai, 1982). Few investi-
gations of flight bchavior have taken vertical 
flight mio consideration (David ei ai. 1982, 
Gibson & Brady 1985. Warnes 1989, Pile e! 
ai. 1991) and ai least for observing behaviors 
and for estimating flight specd. 

The technique ofdelinealing an arca cov-
ered by a visual plume gives only an esti-
mate of the volume described by the natural 
odor plurnes. When flight tracks were p]aced 
over the plume siructure, however, ii was ob-
served that mosquitoes changed flight pat-
terns after losing lhe odor plunie. Thus, the 
real pRime structures of carbon dioxide and 
Iactic acid are likely to bc similar to the visual 
plume. Flight tracks also demonstratcd, for 
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the first time, that female A. aegvpti deviated 
from the main odor plume axis (both in the 
horizontal and vertical planes) during an up-
wind flight wilhin the odor plumes. Similar 
flight patterns also have been obscrved in re-
sponse to the main synthetic sex pheromones 
in moths (Witzgall & Arn 1991). 

The technique used herein was very labori-
nus, tedious and time-consuming, especially to 
produce the 3-D graph ("Z-Y" coordinates). 
Thus, it would be useful to devclop a computer 
system that continuously determines the posi-
tion of the insect iii the wind tunnel. Such a 
technique lias 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 comrnercially available (II. 
Arn, personal cornrnunication to A.E. Eiras). 
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