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ABSTRACT

Rhodnius prolixus is the most important vector of Trypanosoma cruzi in the northern 

part of South America. The compound eyes in adults of R. prolixus are involved in the 

nocturnal flight dispersion from sylvatic environments into human dwellings. During this 

behavior, the artificial lights play an important role in attracting R. prolixus; however, it is 

still not clear whether the compound eyes of this species use different visible wavelengths 

as a cue during active dispersion. We applied electrophysiological (electroretinography or 

ERG) and behavioral (take-off) experiments in a controlled laboratory setting to determine 

the spectral sensitivity of the compound eyes and the attraction of R. prolixus adults to 

discrete visible wavelengths. For the ERG experiments, flashes of 300 ms at wavelengths 

ranging between 350 and 700 nm at a constant intensity of 3.4 µW/cm2 were tested after 

adaptation to darkness and to blue and yellow lights. For the behavioral experiments, the 

adults were exposed to nine visible wavelengths at three different intensities, and their 

direction of take-off in an experimental arena was established with circular statistics. The 

ERG results showed peaks of spectral sensitivity at 470–490 nm and 520–550 nm in adults, 

while behavioral experiments showed attractions to blue, green and red lights, depending 

on the intensity of the light stimuli. The electrophysiological and behavioral results confirm 

that R. prolixus adults can detect certain wavelengths in the visible spectrum of light and 

be attracted to them during take-off.

KEYWORDS: Compound eyes. Electroretinography. Active dispersion. Nocturnal flights. 

Spectral sensitivity.

INTRODUCTION

Rhodnius prolixus (Hemiptera: Triatominae) is an obligate hematophagous insect 
with a wide geographical distribution that includes countries such as Colombia, 
Venezuela, Bolivia, Brazil, Costa Rica, El Salvador, Ecuador, Guatemala, Guiana, 
French Guiana, Honduras, Mexico, Nicaragua, Panama, Suriname, and Trinidad and 
Tobago1. Within the Triatominae subfamily, R. prolixus is considered an efficient 
vector of Trypanosoma cruzi due to its wide distribution2, its fast defecation during 
the blood-sucking process3, the presence of populations in sylvatic conditions4, and 
the presence of insects inside and around human dwellings5.

The arrival of sylvatic triatomine insects into human dwellings has been 
extensively reported1,6. Likewise, the association of this behavior with the presence 
of artificial lights has been reported both in rural6,7 and urban8 areas of different 
countries, and also in laboratory conditions9,10. These experiments have shown that 
R. prolixus adults take-off towards white light sources and exhibit an attraction/
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repellence behavior towards UV light, confirming that this 
insect does not arrive randomly into dwellings and that light 
is a very important factor influencing its dispersion10,11.

R. prolixus possesses two simple eyes or ocelli, used to 
detect light stimuli only in the adult stage, and two compound 
eyes, which are present in all development stages12. From 
a morphological point of view, R. prolixus possesses 
apposition compound eyes with open rhabdomes13. The 
constraints inherent to nocturnal insects with apposition 
eyes are physiologically corrected by the movements of 
screening pigments within cells and rhabdome movements 
toward the cornea in accordance with circadian rhythms13. 
These rhythmic changes are under endogenous control, 
providing protection for photoreceptors during daytime 
hours and taking maximum advantage of the few photons 
available at night13.

The sensitivity of the R. prolixus visual system to 
different wavelengths is unknown; nonetheless, behavioral 
experiments with Triatoma infestans (Hemiptera: 
Triatominae) have shown sensitivity to UV, blue and green 
wavelengths14,15.

Genomic evidence has identified UV and long-
wavelength photoreceptors in R. prolixus16. However, 
electrophysiological experiments are required to explain 
the behavioral responses observed in T. infestans and to 
confirm the genomic data in R. prolixus.

One common tool used to determine the sensitivity and 
number of photoreceptors in the visual system of arthropods 
is electroretinography (ERG)17,18. This technique consists 
of recording the summed extracellular electrophysiological 
activity of the facets of the compound eyes and/or ocelli 
when exposed to light stimuli18,19. The change in amplitude 
is observed as a response toward light stimuli of different 
intensities and/or wavelengths18. Moreover, if the insect 
is selectively adapted to environments with particular 
wavelengths, then the sensitivity of those photoreceptors 
displaying response peaks close to the adaptation range 
can be decreased, revealing the presence of other visual 
pigments20. This methodology has allowed the determination 
of the sensitivity and number of photoreceptors in different 
insect orders17. Within the Heteroptera group, the ERG 
technique has only been applied to Myzus persicae20 
and Notonecta21,22. In these cases, three photoreceptors 
showing maximum responses in the UV, blue and green 
wavelengths have been found17,20-22. However, Notonecta 
and Myzus are known as predator and phytophagous 
diurnal insects, respectively20-22, in contrast with R. 
prolixus, which is characterized as a nocturnal and blood-
sucking insect1.

To better understand the light-induced behavior of 
R. prolixus, we decided to carry out electrophysiological 

and behavioral experiments with discrete wavelengths in 
the visible range and test the epidemiological value of 
individual wavelengths in the attraction of R. prolixus to 
human dwellings. Therefore, the objectives of this work 
were as follows: first, to determine the spectral sensitivity 
of the compound eyes in R. prolixus, in laboratory-reared 
individuals; and second, with the information obtained, to 
evaluate the effect of discrete visible wavelengths on the 
take-off behavior of laboratory-reared R. prolixus.

MATERIALS AND METHODS

The research was developed under the approval of 
the ethics committee of the Universidad de los Andes, 
Act Nº 005, June 19, 2008.

Insects

The laboratory-reared R. prolixus were obtained from 
colonies established since 1979 in the Universidad de los 
Andes from individuals collected in San Juan de Arama 
city, Meta Department, Colombia.

The insects were fed monthly in vivo with Gallus gallus 
to ensure molting. Adults were separated by sex, and blood 
intake was avoided 15 days before the experiments. The 
rearing conditions were: 27 ± 2 °C, 75 ± 10% relative 
humidity and 6:00 am/6:00 pm light/dark photoperiods. 
Before testing the insects in the take-off experiments, we 
measured both male and female individual body length 
and abdomen and pronotum widths with a Vernier (Caliper 
Discover, New York, USA), and we measured the body 
weight with an analytical balance (Galaxy 160 OHAUS, 
New Jersey, USA).

Electroretinography experiments (ERG)

Adults were fastened dorsally with plasticine inside a 
metal Faraday box. For the experiments, one eye and both 
ocelli were covered with black paint. A micromanipulator 
ensured contact between the experimental compound eye 
and the recording electrode. The glass-recording electrode 
was filled with saline solution for triatomines23, and inside 
was a tungsten recording wire. The tungsten wire that served 
as a reference electrode was inserted into the dorsal portion 
of the pronotum18.

A digitizer (PowerLab/8SP ADInstruments, Colorado 
Springs, Colorado, USA) and the LabChart 7® software for 
Windows® (ADInstruments Inc.) were used to record and 
analyze insect responses and stimulus signals. The sampling 
rate used for recordings was 20 KHz. The recording 
electrode signal was registered at a voltage range of 2 mV 
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(AC coupled) using a low-pass filter of 10 Hz. The stimulus 
channel was registered at a voltage range of 5 V.

Stimuli and adaptation environments

A tungsten bromine lamp, (LLC-1A Tungsten-Bromine 
Lamp Lambda Scientific Systems, Florida, USA) using a 
30 W halogen light bulb and variable voltage source, emitted 
a ray displaying wavelengths ranging from ultraviolet to 
infrared. The constant light beam produced by the tungsten 
lamp was controlled with a shutter (LS443, Cannon, Tokyo, 
Japan) in order to establish the 300 ms duration of the light 
stimulus.

A monochromator (Miniature Monochromator LEOI‑92 
f100 Lambda Scientific Systems, Florida, USA) decomposed 
the light beam into almost monochromatic rays (± 3 nm). 
Thirty-six wavelengths between 350 and 700 nm in 10 nm 
steps were produced. The emission spectra of each stimulus 
were measured with a spectrophotometer (USB4000-UV-VIS 
Ocean Optics, Ostfildern, Germany), directed at the location 
of the insect eye during the experiments.

The lowest intensity tested was 0.06 μW/cm2, which was 
increased with the lamp power source up to 21.5 μW/cm2. 
Calibration of each of the intensities tested was carried out 
for all wavelengths as well, using a laser photodiode sensor 
(PD300 Ophir, Massachusetts, USA) directed at the focal 
distance where the insect eye was located.

The setup had two LEDs generating selective adaptation 
environments either in the yellow (590 ± 30 nm) or the blue 
(450 ± 30 nm) range. Both LEDs were located inside the 
Faraday box and above the insect at a distance of 5.0 cm. The 
selective adaptation environment was only turned off during 
the 300 ms corresponding to each of the monochromatic 
light stimuli. Selective adaptation LED measurements 
and calibrations regarding intensity and wavelength were 
carried out using the laser photodiode sensor (PD300 Ophir, 
Massachusetts, USA) and the spectrophotometer (USB4000-
UV-VIS Ocean Optics, Ostfildern, Germany), respectively, on 
the exact point where the insect compound eye was placed.

Controls and experimental design

Each ERG experiment was carried out with a different 
adult insect, testing each individual only once. Before 
initiating the experiments, two types of negative controls 
for the setup were carried out. The first one consisted of 
preventing the passage of the light toward the setup, and 
the other one consisted of keeping the tungsten lamp off. 
Both controls did not produce any voltage change. However, 
voltage differences were registered between both electrodes 
when the shutter was opened, the lamp was on and without 

obstructing the light passage toward the insect eye. The 
voltage changes obtained in this part allowed the typical 
ERG components to be observed (Figure 1).

The variable value assumed in all experiments was 
the ERG receptor component (Figure 1B). Each voltage 
difference obtained after stimulation (DVi) was multiplied 
by 100 and divided by the greatest voltage difference 
obtained from the total sampling time or sampling spectrum 
(DVmax) for each insect. Thus, the response variable is 
shown as a ‘relative response’ and corresponds to values 
ranging from 0 to 10020. The experiments were carried out 
with the following conditions: 20 ± 3°C and 55 ± 10% 
relative humidity measured with a datalogger (U10-003 
HOBO Onset, Massachusetts USA).

To determine the  effect  of  gender  on the 
electrophysiological response, ERGs were carried out 
with R. prolixus males and females (five individuals of 

Figure 1 - Electroretinogram (ERG) responses from compound 
eyes in Rhodnius prolixus. A. Typical ERG response of 
compound eyes adapted to darkness and stimulated with white 
light. a) Reference potential; b) ERG receptor component; c) ‘Off’ 
response; d) Stimulus duration. B. Relative responses in ERG 
from laboratory-reared males (black squares) and females 
(red dots) exposed to different adaptation times in darkness 
(Stimulus: 530 ± 3 nm, 3.4 µW/cm2, 300 ms, every 5 min). 
Vertical bars represent the 95% confidence interval. N  =  5 
females and 5 males (Mann–Whitney’s U test p < 0.001).
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each sex) under selective adaptation to a dark environment  
(0 μW/cm2), from 06:00 pm to 08:25 pm. Light pulses with 
the following characteristics were presented to the compound 
eye of each insect in five-minute intervals: wavelength of 
530 ± 3 nm, intensity of 3.4 μW /cm2 and duration of 300 
ms. Normalized voltage differences were plotted with a 
95% confidence interval using GraphPad Prism software 
(GraphPad, San Diego, California, USA). Each adaptation 
interval was analyzed using the non-parametric Mann–
Whitney’s U test and a Bonferroni correction in order to 
adjust the probability, using SPSS Statistics 17.0 software 
(IBM, Armonk, New York, USA). The probability value after 
applying the Bonferroni correction was 0.001.

ERGs were carried out with nine colonial individuals 
selectively adapted to darkness (0 μW /cm2) in order to 
choose the intensity to be used for spectral sensitivity 
experiments. Each insect was stimulated with four different 
wavelengths (350, 450, 550 and 650 nm), starting from the 
shortest to the longest wavelength and using an intensity 
range from 0.06 to 20.35 μW/cm2. This study includes light 
intensity values usually found on cloudy days (6 μW/cm2), 
which are above the intensities detected in a moonlit night 
(0.03‑0.05 μW/cm2), beneath the trees (0.003–0.009 μW/cm2)  
and inside a crack in a house wall without artificial light 
(0.002–0.004 μW/cm2)15,24. Normalized voltage differences 
were plotted with a 95% confidence interval using GraphPad 
Prism software (Dotmatics, Massachusetts, USA). A 
one‑factor ANOVA was used to determine the intensities 
at which the differences between relative responses were 
the highest among all wavelengths tested.

Finally, ERGs were carried out for 25 laboratory-reared 
insects exposed to three selective adaptation environments: 
darkness, blue and yellow lights. The intensity chosen as a 
standard was 3.4 μW/cm2. Stimuli between 350 nm and 700 
nm were applied increasingly in 10 nm steps until the longest 
wavelength was reached, and then went back to the shortest 
one. The time between stimuli was 50 s. Both responses were 
averaged and used in the analysis as a sampling unit for each 
insect. Normalized voltage differences were plotted with a 
95% confidence interval using GraphPad Prism software.

Take-off experiments

Take-off experiments were carried out with some 
modifications following the methodology suggested by 
Minoli and Lazzari10. Afterwards, the experimental arena 
was a 2 m3 tent made of white cloth and supported by a PVC 
pipe frame (1.27 cm in diameter). Inside the cubic tent, a 
take-off platform located 1 m above the ground (Plexiglass 
dish 15.0 cm in diameter and 5.0 cm high with walls 
covered in Vaseline) was used to test the nightly take-off 

directions of ten R. prolixus that were marked individually 
with white body paint. Triatomine adults were only able to 
leave the take-off platform by flying from a circular piece 
of cardboard (3.0 cm in diameter) marked with eight 45° 
sectors and elevated with a 15.0 cm long wooden stick.

A source of light located at 1.0 m above the ground was 
randomly rotated each night outside one of the four sides 
of the cubic tent. Lights were produced with an LED-Lite 
(World Precision Instruments, Florida, USA) by using six 
different LED lights (ELS World Precision Instruments, 
Florida USA) with the following wavelengths: 370 ± 40, 
450 ± 40, 525 ± 40, 590 ± 40, 623 ± 40 and 660 ± 40 nm. 
The light intensity for each wavelength was adjusted before 
the experiments to 6.0 µW/cm2, 0.6 µW/cm2 or 0.06 µW/cm2  
with a radiometer (ILT 1400-A International Light 
Technologies, Massachusetts, USA).

Each wavelength and intensity was tested on twelve 
consecutive nights, and, in each test, five males and five 
females were released on the take-off platform and tested 
from 6:00 pm to 6:00 am. The behavior of the adults 
was recorded with an infrared sensitive video camera 
(DCR‑SR200 Sony, Tokyo, Japan) located 50 cm above the 
take-off platform. Videos allowed us to record the number, 
time and direction of the take-offs. For each wavelength and 
intensity, we evaluated 120 insects (60 males and 60 females).

The behavioral experiments were performed in a 
dark room with an ambient temperature ranging between 
21 and 27 °C and a relative humidity between 33 and 
50%. Temperature and relative humidity were recorded 
every 5 min with a data logger (U23-001 HOBO Onset, 
Massachusetts, USA). Control experiments were performed 
without LED lights and at two different room temperatures, 
15 to 21 °C (12 tests, 120 insects) or 21 to 27 °C (19 tests, 
190 insects). Statistical differences in take-off between 
sexes were tested with a Chi-square test. Logistic 
regressions were used to evaluate the body measurements 
and take-off of the insects. The proportion of triatomines 
taking off per h was compared with Fisher’s exact test for 
proportions. Take-off directions during control experiments 
were analyzed by the Kuiper’s test to evaluate the von Mises 
distribution (normal circular distribution)25 using MATLAB 
v.8.3 R2014a software. All data from control experiments 
showed p > 0.05, establishing a von Mises distribution. 
Since the data from control experiments followed a normal 
circular distribution, we used a Rayleigh test to analyze 
their randomness using circular statistic software (Oriana 
Kovach Computing Services, Anglesey Wales)25.

To determine the effect of the different visible 
wavelengths and intensities on the orientation of take‑offs, 
we used a V test with 0° (light source position), specified 
a priori as the expected mean direction, together with 
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the average vector, average length of the vector and 
concentration, using circular statistic software (Oriana 
Kovach Computing Services, Anglesey, Wales)25.

RESULTS

Electroretinography experiments (ERG)

ERGs with typical wave forms were obtained from 
laboratory-reared adult insects (males and females) 
(Figure  1A). We found that an increase in the time of 
selective adaptation to darkness also increases the voltage 
differences in laboratory-reared males and females (data 
not shown). Nevertheless, the voltage changes reached 
an asymptote after approximately 70 min of adaptation to 
darkness. Therefore, the experiments were carried out with 
this adaptation time. No significant differences were found 
in the relative voltage responses obtained for females and 
males adapted to darkness (Mann–Whitney’s U tests for 
each adaptation time. P values > 0.001 in all cases after 
Bonferroni’s correction) (Figure 1B). Therefore, further 
analyses were carried out by pooling together the results 
obtained from both sexes.

Rhodnius prolixus compound eye sensitivity

Intensity-response curves in R. prolixus compound 

eyes of laboratory-reared individuals showed that all 
four wavelengths tested produced significantly different 
responses, both at low and high intensities. However, 
the F-value of the 0.06 μW/cm2 intensity treatments was 
lower (F = 290.9) than those of the other tested intensities 
(Supplementary Figure S1). At the intensity of 0.6 μW/cm2,  
the F-value was 831.6 between wavelengths, but the 
confidence intervals at 350, 450 and 650 nm showed 
responses approaching each other when plotted. The 
intensity of 3.4 μW/cm2 showed a greater differentiation 
between relative responses of different wavelengths 
(F = 2,364.6) (Supplementary Figure S1). Therefore, the 
standard intensity for further spectral sensitivity experiments 
was set at 3.4 μW/cm2. This intensity showed the greatest 
differentiation and was also the highest intensity at which 
our setup could generate stimuli in the spectral range.

ERG responses in Rhodnius prolixus to selective light 
adaptation

Laboratory-reared insects selectively adapted to 
darkness have shown a single peak of maximum response 
between 520 and 550 nm, corresponding to the green region 
(Figure 2). During the selective adaptation of insects to 
blue light, there was again a single maximum response 
peak between 520 and 550 nm (Figure 2). Finally, when the 
insects were adapted to yellow light, a second maximum 

Figure 2 - Mean spectral sensitivity in compound eyes of laboratory-reared R. prolixus. Laboratory-reared insects were selectively 
adapted to darkness (solid squares, N = 9 individuals), yellow light (590 ± 30 nm, solid circles, N = 9 individuals), and blue light 
(450 ± 30 nm, solid triangles, N = 9 individuals), using a light intensity of 3.4 µW/cm2. In all cases, vertical bars represent the 
standard deviation.

https://doi.org/10.48331/scielodata.QMAPBK
https://doi.org/10.48331/scielodata.QMAPBK
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peak in the relative response was found between 470 and 
490 nm (blue region) (Figure 2).

Take-off experiments

Controls
Statistical differences in the number of R. prolixus taking 

off were found between controls carried out at different 
temperatures (p = 6.4 x 10-8, p < 0.05). At lower temperatures, 
only 2 (1.6%) insects took off out of the 120 tested, while 
at higher temperatures, 68 (35.7%) insects took off out of 
the 190 tested. However, the insects that took off at higher 
temperatures did not show any directionality (Rayleigh test 
p = 0.12, p < 0.05) (Supplementary Figure S2). Therefore, 
further behavioral experiments with LED lights were only 
carried out at temperatures higher than 21 °C.

Behavioral experiments
No significant differences were found in take-off 

behavior between males and females (χ2
(1) 

= 2.19, p > 0.1); 
therefore, all results will be presented without making a 
differentiation between sexes. No relationships were found 
between take-off behavior and body length (p = 0.190, 
p < 0.05), abdomen width (p = 0.27, p < 0.05), pronotum 
width (p = 0.16, p < 0.05) or weight (p = 0.730, p < 0.05) 
of the tested insects. We found that a large number of 
insects (≥ 69%) started to fly during the first h (06:00 pm 
to 07:00 pm) of the behavioral experiments (Fisher’s exact 
test, p < 0.05, with α = 0.05). 

Finally, the results showed an interaction between 
wavelengths and light intensities in the observed behavioral 
responses. Using blue wavelengths (450 nm), take-off toward 
the light source was only observed at the highest intensity 
of tested lights (6.0 µW/cm2) (V test p = 3.4 × 10‑11), while 
green and yellow wavelengths (525 nm and 590  nm) 
induced oriented take-off at both the highest and the lowest 
intensities tested here (6.0 µW/cm2 and 0.06 µW/cm2)  
(V test p < 0.05). Red wavelengths (660 nm) induced 

directional take-off only at the lowest intensities tested 
(0.6 µW/cm2 and 0.06 µW/cm2) (V test p = 5.8 x 10-7 and  
V test p = 5.6 x 10-6) (Table 1 and Figures 3, 4 and 5).

DISCUSSION

Our electrophysiological experiments showed that 
R. prolixus has compound eyes that are able to detect 
blue and green wavelengths. In concordance with the 
electrophysiological results, the behavioral experiments 
also showed that adults of R. prolixus are highly attracted 
to blue and green lights during nocturnal dispersal flights.

Electroretinography experiments (ERG)

ERG experiments have been widely used to characterize 
the spectral sensitivity of insects and spiders17,20,26. The 
ERG shape obtained for R. prolixus (Figure 1A) showed 
similarities to those obtained for different insects, including 
other Hemiptera such as Notonecta and Myzus20-22. In 
insects, the only major exception regarding the shape of 
the ERG is found in dipterans, where a biphasic voltage 
response has been reported27.

Darkness adaptation time

The time required by the compound eyes of R. prolixus 
to reach the highest values in electrophysiological responses 
with darkness adaptation was approximately 70 min. This 
phenomenon can be related to two processes previously 
observed in this species and in Triatoma infestans: First, 
accessory and retinular cells of each ommatidium have 
pigments that move depending on light conditions, forming 
a type of ‘pupil’ that controls the arrival of photons to the 
rhabdom13,28. In R. prolixus, the maximum opening size of 
this ‘pupil’ has been shown to be achieved after 30 min of 
selective adaptation to darkness28. Second, there is a ‘retino-
motor’ process that shows a distal movement of rhabdomes 

Table 1 - Summary results of the take-off behavioral experiments obtained with Rhodnius prolixus after exposure to different visible 
wavelengths and intensities of light. p values are for the V test with an α of 0.05. In parenthesis, the percentage of insects taking 
off are shown (N = 120).

Wavelengths
Intensities

0.06 µW/cm2 0.6 µW/cm2 6.0 µW/cm2

370 nm p = 0.002 (57.5%) p = 0.129 (50.8%) p = 0.072 (63.3%)

450 nm p = 0.25 (44.1%) p = 0.093 (55%) p = 3.4 x 10-11 (66.6%)

525 nm p = 0.026 (42.5%) p = 0.341 (55%) p = 3.6 x 10-8 (44.1%)

590 nm p = 0.007 (30%) p = 0.49 (43.3%) p = 0.012 (72.5%)

623 nm p = 0.025 (44.1%) p = 5.4 x 10-10 (43.3%) p = 0.067 (75.8%)

660 nm p = 5.6 x 10-6 (44.1%) p = 5.8 x 10-7 (50.8%) p = 0.179 (75.8%)

https://doi.org/10.48331/scielodata.QMAPBK
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Figure 3 - Take-off directions of Rhodnius prolixus with a light intensity of 6.0 µw/cm2. Circular histograms showing take-off directions 
of Rhodnius prolixus at different wavelengths. Reference angle V test = 0°, Vector r is shown as a red arrow.

Figure 4 - Take-off directions of Rhodnius prolixus with a light intensity of 0.6 µw/cm2. Circular histograms showing take-off directions 
of Rhodnius prolixus at different wavelengths. Reference angle V test = 0°, Vector r is shown as a red arrow.
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toward the crystalline cone to maximize the few photons 
available in poorly lit environments. For R. prolixus, this 
movement is fully achieved after 60 min of selective 
adaptation to darkness28.

Considering both previous results together, it is expected 
that the electrophysiological response of the compound 
eyes of R. prolixus adapted to darkness depends both on the 
‘pupil’ opening and on rhabdome movements. Furthermore, 
the anatomical and physiological observations reported by 
Müller28 confirm our results.

No differences between sexes

No significant differences were observed in ERG 
relative responses displayed by males and females of 
R. prolixus. Although there are few works describing 
electrophysiological responses on Hemiptera, differences 
between sexes have not been reported in the species 
so far21. However, studies in diurnal Lepidoptera have 
shown differences at electrophysiological29, genetic30 and 
behavioral31 levels between sexes. The most plausible 
explanation for these variations is based on behavioral 
perspectives; first, in oviposition behaviors associated 
with females, and second, in mate-searching behaviors 
associated with males29. Regarding R. prolixus, it is clear 
that both sexes show very similar behavioral patterns, and 

that oviposition and mate searching are not strongly affected 
by visual information. Considering all this information, 
similar responses in ERG were expected and observed in 
males and females of R. prolixus (Figure 1B).

Chromatic hypothesis and its relationship with 
behavioral experiments

Only two spectral sensitivity curves were found in 
the ERGs obtained in R. prolixus reared under laboratory 
conditions (Figure  2). One response was found in the 
blue range (470–490 nm) and the other in the green range 
(520–550 nm). The three light-sensitive peaks in R. prolixus 
(two well-differentiated sensitivity peaks within the visible 
range (Figure  2) and one in the UV range16) have also 
been reported in other species within the Hemiptera order: 
Notonecta and Myzus persicae17,20. The existence of three 
maximum peaks in the compound eyes of R. prolixus and the 
subtractive interaction between them could be used to justify 
a possible chromatic mechanism, explaining the different 
aggregation and negative phototaxis behaviors reported in 
other triatomines such as T. infestans in the visible range 
of light14,15 and in the UV range for R. prolixus10.

The number and size of facets in the compound 
eyes change morphologically during the life cycle of 
triatomines32. In Notonecta, the posterior ommatidia 

Figure 5 - Take-off directions of Rhodnius prolixus with a light intensity of 0.06 µw/cm2. Circular histograms showing take-off directions 
of Rhodnius prolixus at different wavelengths. Reference angle V test = 0°, Vector r is shown as a red arrow.
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responsible for color detection are the first ones to appear 
during development, and it seems that the addition of new 
facets at the anterior region does not affect color vision21. 
Based on these results with Hemiptera, it could be inferred 
that the addition of new facets in R. prolixus should not 
affect its ability for the detection of wavelengths; however, 
electrophysiological experiments conducted during 
different developmental stages are required to confirm the 
absence of inter-stage variations in light spectral detection 
in triatomines.

Even though different internal factors in insects 
contribute to flying behavior, our results with visible lights 
(Supplementary Figure S1) could be used to explain why 
adults of R. prolixus orientate their take-off toward short 
wavelengths only at high intensities (> 6.0 μW/cm2), whereas 
for long wavelengths, the intensity should be decreased (< 6.0 
μW/cm2) to stimulate R. prolixus take-off under laboratory 
conditions. In a similar vein, studies with T. infestans nymphs 
have shown negative phototactic behavior in response to long 
wavelengths (> 600 nm) at relatively high intensities15. In 
Supplementary Figure S1, blue (450 nm) and green (550 nm) 
wavelengths had a greater effect on ERG relative responses 
of eyes in R. prolixus at intensities higher than 0.6 μW/cm2, 
but reached an asymptote after 6.0 μW/cm2. These differences 
in the slopes observed in both curves could explain the 
behavioral results obtained, with R. prolixus taking off toward 
blue and green lights at high (6.0 μW/cm2) but not at low (< 
0.6 μW/cm2) intensities.

Behavioral experiments

Attraction of Rhodnius prolixus to artificial lights
Nocturnal flights for dispersion and attraction to light 

traps have been shown in triatomines8,9. Take-off experiments 
showed that artificial white light attracts R.  prolixus, 
Triatoma dimidiata, T. rubida and T.  infestans8-10. This 
means that triatomines do not randomly invade human 
dwellings11; in fact, they are attracted to incandescent 
lights1,6,8,10.

We found no differences in take-off behavior between 
males and females. A similar observation has also been 
reported by other authors6,10. Our results show that any 
R. prolixus, male or female, with a total body length between 
1.6 and 1.95 cm and with a body weight between 0.1 and 
0.02 g, has the same probability to take off.

As previously shown for R. prolixus and other 
triatomines6, we also found a higher number of take-offs 
during the first hours after sunset. Our experiments with 
two different temperatures suggest that under natural 
conditions, the presence of artificial light sources and higher 
temperatures after sunset could be factors contributing to 

flight dispersion.

Interaction of visible wavelengths and intensities in the 
attraction to artificial lights

The results obtained with different wavelengths and 
intensities showed a clear effect on the directionality of take-
offs (Table 1 and Figures 3, 4 and 5). The light intensities 
used here (0.06 µW/cm2, 0.6 µW/cm2 and 6.0 µW/cm2) are 
similar to the amount of light on a cloudy day (6.0 µW/cm2)  
but above the amount of light on a clear night with a moon 
(0.03–0.05 µW/cm2), inside a forest (0.003–0.009 µW/cm2)  
and inside a crack in a wall without artificial lights  
(0.002–0.004 µW/cm2)15,24.

Our electrophysiological experiments, supported by 
genomic data16, showed the presence of three light-sensitive 
peaks in R. prolixus, but not in the red range (Figure 2). 
However, an attraction to red lights, especially at low light 
intensities, was shown (Table 1 and Figures 3, 4 and 5). 
Behavioral responses to red lights have been reported in 
T. dimidiata, T. rubida and T. infestans8,9,15. In Anopheles 
and Lutzomyia, no photoreceptors with sensitivity to red 
lights have been detected, and only low spectral sensitivities 
at 630–670 nm have been reported17,33. However, similar to 
in our case, behavioral experiments have shown attraction 
to these wavelengths34,35.

Interestingly, behavioral responses to red lights in 
Anopheles gambiae have been observed only at very 
low intensities (0.1 µW/cm2)34. This result suggests 
that the wavelength-intensity interaction plays a role in 
both Anopheles and Rhodnius (Figures 3, 4 and 5). The 
differences between electrophysiological and behavioral 
experiments could be explained by the fact that a spectral 
peak in a compound eye can have some sensitivity in the red 
range, at a level of several units lower than what is observed 
for the maximum of the peak34. In this case, a spectral peak 
can have a maximum in the green range while there is still 
some lower sensitivity in the red range.

With regards to the change in behavioral responses of 
R. prolixus to visible wavelengths at very low light intensities 
(Table 1 and Figures 3, 4 and 5), this change has been also 
reported by other authors in Anopheles gambiae34 and 
Lutzomyia longipalpis36. Therefore, behavioral experiments 
with R. prolixus, An. gambiae and L. longipalpis confirm 
that the responses to different wavelengths can change 
according to the intensity of the source.

CONCLUSION

The results obtained here show that take-off in 
R. prolixus is directed and affected by the particular 
wavelength and intensity of artificial white lights (Table 1 

https://doi.org/10.48331/scielodata.QMAPBK
https://doi.org/10.48331/scielodata.QMAPBK
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and Figures 3, 4 and 5). These results suggest that future 
experiments with light sources to capture or reduce the 
attraction of Rhodnius prolixus to human dwellings should 
consider the interaction between wavelength and intensity 
in order to maximize their results.
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