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Abstract 

Cornsilk flies, Euxesta eluta and Chaetopsis massyla (Diptera: Ulidiidae), are serious 

economic pests affecting sweet corn production in Florida. As a basis for develop-

ment of enhanced trapping strategies, the sensory and behavioral basis for response 

to color was examined. Using electroretinograms, spectral sensitivity curves for both 

species revealed broad curves with a peak in the UV (350 nm) and the green region 

(500–550 nm) of the spectrum. Curves for males and females of each species were 

relatively similar in shape. Using pigment templates, the measured curve for E. 

eluta was matched by pigment combinations with maximum sensitivity at 350, 430, 

500 and 560 nm in a ratio of 25:21:25:29. Similarly, the curve for C. massyla was 

best matched by pigments with maximum sensitivity at 350, 430, 500 and 560 nm 

in a 28:18:27:27 ratio. Laboratory behavioral assays were conducted to evaluate if 

attraction occurred in response to the color or the brightness of a target. Attraction 

responses were evaluated in paired tests to blue, green and yellow cards paired with 

gray cards of matching brightness. Despite relatively similar visual pigments, the two 

species differed greatly in their behavioral attraction. Euxesta eluta was only attracted 

to yellow cards at low or high brightness levels, to mid-level bright blue cards and not 

attracted to green cards at any brightness level. In contrast, C. massyla was highly 

attracted to yellow and green cards compared to gray cards of the same brightness 

but avoided blue cards. These differences in response to color and brightness are 

important for interpretation of surveillance results as well as development visual traps 

targeted for these species.

Introduction

Cornsilk flies (Diptera: Ulidiidae) (Acalyptratae, Tephritoidea) are major pests affect-
ing sweet corn production in warm temperate and tropical areas in North, Central 
and South America [1–3]. The preference of these flies to oviposit on cornsilk and the 
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subsequent larval development within the corn ear is responsible for significant crop 
loss [4]. In Florida, where sweet corn production has been valued at nearly $150M 
[5], damage can exceed >20% of ears in a field, potentially resulting in rejection at 
packing houses [4,6]. Most of the damage caused in Florida is associated with Eux-
esta eluta Loew, Chaetopsis massyla (Walker) and Euxesta stigmatias Loew [3].

Host plant attributes such as odor and vision are presumably involved in the 
location of potential host plants by cornsilk flies [7,8]. Evaluations of potential volatile 
attractants for location of host plants from both laboratory [7] and field studies [1,6,9] 
revealed attraction to protein-based foods. Odor-based yellow McPhail traps used in 
a survey in Brazil [1] provided control of two Euxesta species in an experimental 0.8 
ha plot [9]. Surveillance, however, in commercial scale production currently relies on 
field observations as surveillance traps have yet to be optimized. Additional insights 
into the role of visual cues can provide an important component towards develop-
ment of surveillance strategies for these flies.

The role of color in insect vision involves perception of photopigments and 
behavioral response to color stimuli as well as neuronal processing. Color vision 
requires the demonstration of at least two different spectral receptor types, dis-
crimination of different colors independent of the intensity or brightness of the 
stimuli as well as entailing color opponency or comparison from at least two or 
more spectral types of photoreceptors to differentiate wavelengths [10–12]. The 
basis of any color choice behavior is the spectral type of photoreceptor pres-
ent [13,14]. Most insects have photoreceptors with maximum sensitivity in the 
ultraviolet (350 nm), blue (440 nm) and green (530 nm) portion of the spectrum 
[12,13,15]. Species, however, may differ in the maximum sensitivity of individual 
photopigments and numbers and proportions of pigments present [12,13]. Exam-
ination of the electrophysiological responses to different wavelengths through 
electroretinograms can provide insight into the photopigments that may provide 
the basis for behavioral responses. While greater sensitivity in a particular region 
of the spectrum may not necessarily convey behavioral attraction to that color, it 
may serve other purposes such as providing contrast to enhance attributes such 
as color or movement detection independent of brightness [16–18]. Response to 
visual stimuli can be a function of both and/or the dominant wavelength (hue) and 
the brightness (intensity) of the stimuli or both. For instance, a behavior such as 
attraction can be elicited by a specific wavelength (hue) but be dependent on the 
brightness of the stimuli and this constitutes wavelength-specific behavior [17]. In 
contrast, attraction occurring to a wavelength (hue) independent of stimuli bright-
ness is considered brightness-independent color discrimination [13,17].

Attraction to visual attributes such as hue, shape, pattern, and background con-
trast have been reported for both E. eluta and C. massyla [8,19]. While E. eluta 
showed broad attraction to yellow orange, and yellow green, both studies also 
reported attraction to blue traps [8,19]. In contrast, C. massyla reported to be strongly 
attracted to both yellow and yellow green traps with lower attraction to orange or blue 
traps [8]. In these studies, brightness between colors was not excluded as a factor for 
attraction and further studies are needed to clarify the role of hue in attraction.
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As a basis for understanding color behavioral choice in these insects, the physiological basis for color detection in E. 
eluta and C. massyla was examined. Behavioral assays further examined the potential for color discrimination indepen-
dent of brightness.

Materials and methods

Insect rearing

Two cornsilk fly species, E. eluta and C. massyla, were maintained in colony on a corn kernel/agar diet along with fresh 
green pepper slices [7,20]. Adults were maintained in screen cages in environmental chambers at 27oC, 60–80% relative 
humidity and under a 16:8 L:D photoperiod. Flies were provided with 10% sugar water ad lib. Adult flies used for electro-
physiology were 10–14 days old.

Electrophysiological techniques

Electroretinograms (ERG) to examine the spectral sensitivity of the compound eyes were produced by the flash method 
[21]. Individual flies were gently aspirated, wings held with forceps and then wings and legs were gently pressed into 
softened sticky wax (Cenco, Central Scientific Company, Chicago, IL). Melted wax was used to position the head with 
care not to coat the eyes or spiracles. Electrolytically-sharpened tungsten wires (0.127 mm, A-M Systems, Carlsburg, 
WA) were used as electrodes. The indifferent electrode was placed in the thorax and the recording electrode inserted in 
a central position of the left eye where a light beam was projected. The light was delivered through a UV-VIS quartz optic 
fiber (6.3 mm diam, Dolan-Jenner Industries, Boxborough, MA) and positioned with a micromanipulator 1 cm from the 
eye surface. All recordings were conducted in a grounded Faraday cage covered with blackout cloth in a dark room (27 – 
28oC, 60–72% relative humidity).

Light from a halogen lamp (EXR 300W/82V, OSRAM) was transmitted through a narrow bandpass interference filter (10 
nm) (Edmund Industrial Optics, Barrington, NJ) to produce the monochromatic light stimulus. A series of fifteen different 
filters were used and represented wavelengths between 340 and 700 nm. Neutral density filters were used as needed to 
adjust light flux as needed to produce quantal stimulation at each wavelength. Neutral density filters consisted of a circular 
variable neutral density filter (Edmond Optics, Barrington, NJ) (0.04–4 OD) placed in a 360o wheel mount with stops at 
every 10o, as well as additional neutral density filters ranging from 0.5–4.0 OD (5 cm x 5 cm, Wratten gelatin filters; East-
man Kodak Company, Rochester, NY). A 200 ms pulse of light controlled through a manual shutter provided light simula-
tion with at least one-minute intervals of darkness between light flashes.

An amplifier (10x) associated with the electrode (EAG COMBI 10X, Syntech, Hilversum, The Netherlands) in conjunc-
tion with an additional amplifier (10x) (Syntech Autospike IDAC) provided a total of 100x magnification. The signal was 
captured using Syntech EAG software (ver. 2.4 Syntech, Kirchzarten, Germany) on a computer. Calibration of the optical 
system for all combinations of interference and neutral density filters was conducted using a concave grating spectroradi-
ometer (Black Comet CXR-SR, StellarNet Inc, Tampa, FL) and quantal flux calculated.

Intensity-response curves of the amplitude of the positive on-response of the ERG (mV) at different light intensities over 
a range of wavelengths (380, 430, 470, 520, 580 nm) were obtained. Response voltage plotted versus log of light intensity 
(uW/cm2/s) (V-logI) produced intensity-response curves with a log-linear function and minimum criterion response obtain-
able across the range of wavelengths determined. Ten individuals of each sex and species were evaluated.

For each preparation, a preliminary stimulus at 550 nm was provided and if it resulted in a typical ERG response, i.e., 
a standard negative waveform, then the fly was dark-adapted for 1 hr to allow photopigments to regenerate and maximize 
sensitivity. At 550 nm eyes were exposed to very low light intensity and intensity increased until a response of 1 mV (half 
the criterion response) was obtained. This intensity differed between individual flies and the response to the selected 
intensity at 550 nm was noted at the beginning, middle and end of a recording session to determine if the preparation had 
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degraded (in which case, the fly was discarded). Measurements of the voltage response at each wavelength were initiated 
with low light intensities and increased in intensity until the criterion response was reached. Each fly was tested at all 15 
selected wavelengths (filters) (lowest to highest nm), three readings taken that were averaged.

Spectral sensitivity

The spectral sensitivity curves for the eyes were calculated as the reciprocal of the quantum flux required to elicit the 
criterion response for each of the 15 wavelengths tested. The number of photons that produced the criterion response at 
each wavelength was determined from a linear regression of neutral density against the number of photons x1012 with the 
inverse of the number of photons providing the spectral sensitivity values. The sensitivity of the curve was denoted by the 
equation S(λ) = Σ αi (λ), with S = spectral sensitivity and αi (λ) = the sensitivity of the alpha band at each wavelength [22].

Spectral sensitivity curves were calculated from the mean of ten flies of each species and sex. Differences in absolute 
sensitivity between individual insects were removed by normalizing individual curves then averaging [23]. Curves were 
calculated first as means for each sex for each species for comparison between sexes, then data for each species com-
bined for comparison between species. These curves represented the total response from the portion of the eye where it 
was recorded and represented contributions from numerous individual photopigments.

The spectral sensitivity of an individual photopigment is characterized by its peak of sensitivity or λ
max

 [24] as a function 
of the absorption spectrum of the particular individual visual pigment [12]. The measured spectral sensitivity curves from 
the eyes of the flies were compared to theoretical visual photopigment absorption curves for individual photopigments 
with different α-peak maxima (λ

max
). The theoretical curves were derived using rhodopsin absorption templates based on 

Stavenga [25] to provide curves below 350 nm and modified to fit Govardovskii et al. [24] pigment templates for longer 
wavelengths [26]. Fly spectral sensitivity curves were initially compared to single visual pigment templates. Subsequently 
iterative mixtures of pigment templates with different λ

max
 absorption curves were combined in different ratios to obtain an 

optimal fit to the measured spectral sensitivity.

Behavioral assays

Both the color hue and brightness of a stimulus can affect attraction of an insect [12]. Assays comparing innate attraction 
to colored cards paired with gray cards of equal brightness were conducted to examine brightness-independent color 
discrimination in cornsilk flies. Colors selected for comparisons included blue, green and yellow pigments with maximum 
reflectance at 430, 515, and 570 nm, respectively, that were relatively close to the observed pigment maxima from the 
electroretinogram study. Assays were conducted in white screened cages (60 x 60 x 180 cm) (Megaview Science, Tai-
chung, Taiwan) containing two cards, one colored and one gray but of the same brightness of reflected light. Landing 
responses of flies based on numbers attached to the sticky surface were compared for each card. Visual distraction was 
reduced with a white cardboard structure and fabric surrounding the cages. Lighting was provided by 250-watt metal 
halide lamps lit at least 20 min before tests started and provided 5767 lux at the mid-height of the cards. For each test 
35–40 flies (10–14 days old) were collected by aspiration and released in the center floor of each cage. The sex ratio 
of these collections was roughly 50:50 male:female. Assays were initiated at 7–8 am, conducted for 4 hr then cards 
collected, remaining flies collected, and all flies sexed and counted. Preliminary assays with hourly collections of flies 
indicated no significant increase in collections after 4 hr. Assays were conducted at 27 ± 1o C. Within assay cages, two 
cards (one colored and one corresponding gray) were placed equidistantly along the back wall with the sticky side of each 
card facing into the cage. Preliminary tests indicated no positional bias between cages and trap positions. However, the 
position of each card, left or right, was still noted for each replicate and placement switched in subsequent assays. Assays 
were repeated in four cages on four separate days.

Cards (10 x 10 cm) were prepared from acetate sheets initially painted with a base coat of white titanium dioxide acrylic 
primer on one side. Acrylic paint mixtures were formulated with titanium white, mars black, cadmium yellow medium hue, 
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permanent green light, and cobalt blue hue (Galeria Acrylic, Winsor & Newton, London, UK). For each paint hue, cards 
were painted with 100% colored paint and four paint dilutions with white paint that ranged from 10–80% colored paint. 
Because pigment concentration varied between different colored formulations of paint, dilutions with white paint differed 
between colors but selected to provide an even range of brightness for each color. Corresponding gray mixtures were 
then formulated to produce a gray paint similar in brightness to each color mixture. Matching mixtures were determined by 
using reflectance values (uwatts/cm2/sec) from radiometer readings between 300 and 700 nm under a standard tungsten 
light. The painted side of each card was covered with clear double-sided sticky sheet to collect flies (Alpha Scents, West 
Linn, OR) and a wire attached to hang cards in the cages.

Data for two choice assays were calculated as the % of flies collected on cards and were analyzed for normality 
by the Shapiro-Wilk test and for homogeneity of variance by Levene’s test (α = 0.05) for homogeneity of variance and 
Shapiro-Wilk test (SigmaStat, Systat, San Jose, CA, USA). For normal data, parametric tests, ANOVA, t-test) were used 
and for non-normal data, non-parametric (Kruskal-Wallis) tests were used. Assay data were collected over four dates 
and within each color/gray comparison, statistical comparisons within each color/gray comparison were made between 
dates (P = 0.05) which revealed no significant differences among dates (P > 0.05), so data from all four assay dates were 
pooled. Similarly, comparisons made of responses of each sex were similar and data were combined for analysis and 
presentation.

Light and reflectance measurements

A concave grating spectrometer (UV-VIS Black Comet, StellarNet Inc., Tampa, FL, USA) with quartz light guides was used 
for light and reflectance measurements. Cards were illuminated with a deuterium/tungsten/halogen light source (Stellar-
Net, Inc. Tampa, FL, USA) and reflected light measured. Measurements were standardized with a white halon standard 
and a dark (no light) standard.

Results

A typical dipteran waveform observed in cornsilk flies was biphasic (Fig 1A) and consisted of a positive on-response with 
onset of light and a negative deflection lasting the duration of illumination. For all wavelengths examined, standard log 
linear intensity-response curves were generated, and representative responses are presented in Fig 1B. These curves are 
broadly parallel over a range of wavelengths and a criterion response of 2 mV, which was obtained across the range of 
wavelengths, was selected for the spectral sensitivity studies.

The spectral sensitivity curves for E. eluta and C. massyla were similar in shape with a peak in the UV (about 350 nm) 
followed by a decrease in sensitivity in high UV wavelength and blue regions and then a broad peak with maxima about 
at 520–550 nm (Fig 2A, B). Curves for males and females of E. eluta were very similar except a slight decrease in sensi-
tivity of male E. eluta at higher wavelengths (Fig 2A), while those for male and female C. massyla were very similar (Fig 
2B). Sensitivity curves for each species were averaged then used for subsequent pigment matching. Curves for individual 
theoretical pigments with λ

max
 of 350, 430, 500, and 560 nm failed to account for the broad sensitivity curve measured for 

both species (Fig 3). From iterative combinations, curves comprised of several pigments were found to best fit by eye to 
the measured spectral sensitivity curves (Fig 4). The measured curve for E. eluta was matched by a combination of 350, 
430, 500 and 560 nm in a ratio of 25:21:25:29 (Fig 4A). Similarly, the curve for C. massyla was best matched by a combi-
nation of 350, 430, 500 and 560 nm in a 28:18:27:27 ratio (Fig 4B).

Paints used represented the broad classes of colors considered for attraction and included blue (max 430 nm), green 
(max 515 nm) and yellow (max 570 nm). Reflectance curves of colored cards are presented in Fig 5. Assays were 
conducted with both male and female flies and as there was no difference in response between the sexes, responses 
were combined (two tailed two sample t-test, P > 0.05). The overall proportions of released flies collected in total (col-
ored card and gray card) differed between species (S1Table) with lower percentages of released E. eluta collected 
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(34.11 ± 1.85) compared to C. massyla (70.70 ± 2.32) (t = 1.70, df = 27, P < 0.001). Percentage collections of E. eluta did 
not differ between colors tested (F = 1.55, df = 2,14, P = 0.25), however significantly more C. massyla were collected in 
assays with yellow (78.36 ± 3.85) compared to assays with blue (64.72 ± 3.25) and both were similar to assays with green 
(69.01 ± 2.67) (F = 4.47 ± df = 2, 14, P = 0.035).

In the assays comparing responses to yellow and gray cards, attraction of E. eluta to yellow cards was moderate 
(46.5–63.4%) with no differences in attraction to the different intensities of yellow (F = 1.79, df = 4, 79; P = 0.139) (Fig. 6A). 
For E. eluta, attraction to yellow over gray cards was only highly significantly greater for the 100 and 10% yellow mixtures, 
moderately significant for the 80% yellow mixture and not different from gray for the 20 and 40% yellow mixtures. For C. 
massyla, attraction to yellow cards was strong (65.6–72.1%) and did not differ between intensities of yellow (F = 1.468, 
df = 4, 79, P = 0.22) (Fig. 6B). Attraction of C. massyla was significantly greater (P < 0.0001) to yellow cards than to gray 
cards for at all intensities tested (100%, 80%, 40%, 20% and 10% yellow). (Fig 6B). For E. eluta, response to green cards 
was moderately low (45.4–53.07%) with no difference in responses to different intensities (F = 0.48, df = 4, 79, P = 0.74) 
(Fig 7A). Response to each brightness level of green was similar to the matching brightness gray card (P > 0.05). Attrac-
tion of C. massyla to green was high (59.6–66.5%), and also with no difference in attraction between different brightness 
levels of green (F = 1.70, df = 4, 79, P = 0.158) (Fig 7B). In all comparisons of different brightness levels of green, the 
attraction of C. massyla was greater (P < 0.0001) to green cards compared to the matching brightness gray cards. For E. 
eluta responses to blue cards varied from 46.2–71.2% with significant differences in attraction to different brightness lev-
els (F = 4.92, df = 4, 79, P = 2.49) (Fig 8A). Attraction to 25% blue cards was significantly higher than to the corresponding 
brightness gray cards (P < 0.0001), however responses were similar between blue and gray cards at all other brightness 
levels (P = 0.05). For C. massyla, attraction to different brightness levels of blue ranged from (43.7–50.6%) with no signifi-
cant difference in attraction between the different brightness levels of blue (F = 1.18, df = 4, 79, P = 0.32) (Fig 8B). Attraction 
to blue cards was significantly lower than to the gray cards at 10 and 50% blue (P < 0.0001), moderately lower for 25 and 

Fig 1.  Electroretinogram responses of Euxesta eluta. A. Typical waveform, B. Intensity-response function (V/log I) at selected waveforms for a 
representative male E. eluta. The selected criterion response (2 mV) is designated by the dotted horizontal line.

https://doi.org/10.1371/journal.pone.0346423.g001
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75% blue (P < 0.01) and equal to gray cards at 100% blue. As controls, comparisons were made between two cards with 
mid-brightness (15%) gray and there were no differences in response between the treatment and control cards for C. 
massyla (t = 0.58, df = 1, 30; P = 0.28) and E. eluta (t = 0.84, df = 1,30; P = 0.20).

Discussion

Both species of cornsilk flies exhibited two broad spectral sensitivity peaks in the UV (350 nm) and green (520–550 
nm) region of the spectrum based on the electroretinograms which record physiological responses across multiple reti-
nular cells. These curves were broadly similar between the two cornsilk fly species and to those reported for other flies 
[16,27,28] and represent the contribution of individual photopigments located in the retinular cells. Pigment absorption 
templates based on rhodopsin [24,25] provide insight into possible contributions by photopigments with different λ

max
 

[29–31]. Our study indicated contributions from UV (355 nm), blue (430 nm), green (500 nm) and yellow green (560 nm) 
photopigments with slightly higher presence of blue pigments in E. eluta compared to C. massyla. Through electrophysi-
ological studies in tephritids, responses to UV, blue and green wavelengths have also been reported in tephritids such as 
Toxotrypana curvicauda Gerstaeker (only blue and green [32], Dacus oleae (Rossi) [27], and Bactrocera dorsalis (Hen-
del) [33]. While photopigments with different peaks of sensitivity provide visual sensitivity to these wavelengths, not all 

Fig 2.  Spectral sensitivity curves for female and male: A. Euxesta eluta, and B. Chaetopsis massyla.

https://doi.org/10.1371/journal.pone.0346423.g002
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are associated with specific tactic behaviors, but instead may provide context for other visual processes such as motion 
detection, background contrast, or color opponency [14,34].

The absorption spectra of visual pigments provide the framework of understanding the spectral sensitivity of the flies, 
however, other factors such as additional filtering and screening pigments may provide spectral tuning of the spectral 
sensitivities [13,35,36]. For instance, sensitivity in the higher wavelengths of the spectral sensitivity curve may indicate 
the presence of screening pigments that result in long wavelength shifting [37,38]. Such pigments are responsible for the 
typical red color of fly eyes and are present in both species of cornsilk flies.

Perception of UV is widespread across insects and can influence phototaxis, negative phototaxis, phototropism, attrac-
tion behaviors as well as detection of open sky or objects against the sky [12,13]. UV plays a role in attraction or repellency 
for a range of phytophagous insects [12,39]. While UV reflectance from heads and wings of Anastrepha and Ceratitis capi-
tata (Wiedemann) has been suggested to play a role in mating [40], and it has been suggested that attraction to some traps 
may be due to UV reflectance [41], definitive roles of UV in tephritid behavior remains less clear. Though UV perception by 
cornsilk flies is evident from this study, evaluation of its role in behavior will be the basis of future studies.

The behavioral preference for yellow over green by many herbivorous insects has been attributed to yellow as rep-
resenting a super-normal stimulus due to the higher reflectance of yellow within the green spectral domain [31,42]. An 
opponent color mechanism related to the proportion of reflectance in the longer wavelengths (green/yellow) compared to 
the lower wavelengths (blue) is also considered to play a role in these responses [39]. For E. eluta, the detection of yellow 
by the 560 nm photopigment in comparison to the 500 nm photopigment may contribute to the differences in response to 
yellow and green cards.

Both species of cornsilk fly differentiated yellow hues from the corresponding gray cards indicating both perception 
of the chromatic cues and associated behavioral response to at least some levels of brightness of yellow. For E. eluta 
yellow cards were more attractive than their paired brightness-matched gray cards but only for the brighter (higher % of 
white) or darker (more saturated) yellow cards. Presumably mid-bright yellow was perceived but attraction did not occur 
in response to the color. The stronger attraction of C. massyla to yellow cards (10–100%) compared to gray cards indi-
cated that yellow was perceived independent of brightness and that attraction was strongly associated with the color. Both 

Fig 3.  Absorbance curves of individual pigments modelled using visual pigment templates and averaged spectral sensitivity values for E. 
eluta.

https://doi.org/10.1371/journal.pone.0346423.g003
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species have been reported to be attracted to yellow in the laboratory [8] and have been collected in yellow, green and 
white traps [6].

Attraction to green differed between the species. The same level of attraction of E. eluta to green or gray cards 
matched in brightness could indicate that the color was not perceived, however that is unlikely as detection of yellow and 
green utilizes the same broad-based photoreceptors. More likely the lack of differentiation reflects the lack of behavioral 
attraction associated with the green color. The difference in response by E. eluta to yellow (attraction) and green (non-
attraction) infers the ability to detect yellow from green which could be facilitated by the presence of the longer wavelength 
(560 nm) from the pigment matching nomograms. For C. massyla, however, attraction to all brightness levels of green 
cards over the matching gray cards was consistently strong over the range of 10–100%, indicating that color was the 
major factor in attraction. In laboratory comparisons, C. massyla was most strongly attracted to both yellow and yellow 
green traps with lower attraction to orange or blue traps [8]. As green is a prevalent background color for most herbiv-
orous insects, perception of the color but lack of attraction to the color is not uncommon and could serve to enhance 
contrast and perception of other colors against the background or motion detection [13,43]. Kelber [44] proposed that the 

Fig 4.  Matching of the average spectral sensitivity curves for Euxesta eluta (A) and Chaetopsis massyla to mixtures of photopigments (nomo-
grams). The spectral sensitivity curve for E. eluta was fit with a mixture consisting of 355:430:500:560 nm in a ratio of 25:21:25:29. The curve for C. 
massyla was fit to a mixture consisting of 350:430:500:560 nm in a ratio of 28:18:27:27.

https://doi.org/10.1371/journal.pone.0346423.g004
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Fig. 5.  Reflectance from cards painted with 100% blue, green and yellow paints. For comparison, reflectance from 100% black, 100% white 
and 10% gray are also presented.

https://doi.org/10.1371/journal.pone.0346423.g005

Fig 6.  Attraction of Euxesta eluta (A) and Chaetopsis massyla (B) in paired comparisons with a yellow card and a gray card matching in 
brightness. The different levels of brightness of yellow are represented by a range of yellow pigment (10-100%) combined with white pigment. Gray cards 
produced by combination of black and white pigment matched each yellow mixture in brightness. Asterisks (*) above paired columns denote statistically sig-
nificant differences at P < 0.05, double asterisks (**) denote significant differences at P < 0.001 and no asterisks represent no significant differences. N = 16.

https://doi.org/10.1371/journal.pone.0346423.g006
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preference by herbivores for green leaves can be explained by a single opponent interaction between green and blue 
receptors. Additionally, colors reflecting yellow that are often preferred over green were suggested to possibly be due to 
the high reflectance in the green portion of the spectrum where yellow would appear [44].

Blue cards elicited differences in attraction responses between E. eluta and C. massyla. Attraction of E. eluta to blue 
or matching gray cards was similar except for the 25% or mid-tone blue which was significantly more attractive than the 
gray card of corresponding brightness. In a previous study, both light and mid-tone blue were more attractive to E. eluta 
than yellow in paired laboratory comparisons [8]. Stronger attraction by Euxesta flies to mid-blue traps compared to other 
colored traps including yellow was also reported by Castillo et al. [19]. Responses of C. massyla were consistently lower 
for 10–75% blue mixtures compared to brightness matched grays indicating that blue was perceived but was visually 
repellent at all levels of brightness. Attraction of light, mid and dark blue were less attractive than yellow for C. massyla in 
paired comparisons in a laboratory study [8]. A blue photoreceptor with λ

max
 at 430 nm could account for the broad shoul-

der of the spectral sensitivity curves from both species with a higher presence of blue photopigment in E. eluta compared 
to C. massyla. Responses to blue differ within Tephritids, with repellency for B. dorsalis [32], strong attraction for Bactroc-
era tyroni (Froggatt) [45] and moderate attraction for several Anastrepha and Ceratitis species [46,47].

Fig 7.  Attraction of Euxesta eluta (A) and Chaetopsis massyla (B) in paired comparisons with a green card and a gray card matching in bright-
ness. The different levels of brightness of green are represented by a range of green pigment (10-100%) combined with white pigment. Gray cards 
produced by combination of black and white pigment matched each green mixture in brightness. Asterisks (*) above paired columns denote statistically sig-
nificant differences at P < 0.05, double asterisks (**) denote significant differences at P < 0.001 and no asterisks represent no significant differences. N = 16.

https://doi.org/10.1371/journal.pone.0346423.g007
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Comparison of attraction of insects to color (hue) independent of brightness has been used to provide evidence of color 
discrimination in D. oleae [48], Lucilia cuprina (Wiedermann) [49], and Drosophila [50]. For some tephritid flies, brightness 
or intensity contrast against a background plays a more important role than color in attraction [51,52]. However, for most 
species, color is important in attraction with differences between species. Color for these species is often representative of 
fruit or foliage. Studies using behavioral assays reported attraction to yellow or yellow-green (Bactrocera tau (Walker) [53]; 
Bactrocera dorsalis (Hendel) [18,54–56]; Anastrepha suspensa (Loew) [56,57]; Ceratitis capitata [57]), red (B. dorsalis 
[55]; A. suspensa, [55]; Rhagoletis pomonella (Walsh) [58]), green (Rhagoletis completa (Cresson) [59]; Bactrocera cucur-
bitae (Coquillet) [60], Bactrocera minax (Enderlein) [18,61]) and orange (Anastrepha suspensa (Loew) [55]; B. oleae [62]). 
Attraction to color may also differ with behavior exhibited, for instance B. dorsalis prefers green when feeding and yellow 
when ovipositing [63]. Additionally, color may be associated with specific behaviors such as landing, oviposition, detection 
of food sources, motion detection, phototaxis and mate choice and proboscis extension [12,59,64,65].

As members of the family Ulidiidae and the superfamily Tephritoidea, cornsilk flies bear similarities with many other 
well-known tephritid pests in which visual stimuli have been utilized in the development of different visual traps important 

Fig 8.  Attraction of Euxesta eluta (A) and Chaetopsis massyla (B) in paired comparisons with a blue card and a gray card matching in 
brightness. The different levels of brightness of blue are represented by a range of blue pigment (10–100%) combined with white pigment. Gray cards 
produced by combination of black and white pigment matched each blue mixture in brightness. Asterisks (*) above paired columns denote statistically 
significant differences at P < 0.05, double asterisks (**) denote significant differences at P < 0.001 and no asterisks represent no significant differences. 
N = 16.

https://doi.org/10.1371/journal.pone.0346423.g008
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for surveillance and control [53,57,60,62]. Color presumably plays a role in host plant location critical for behaviors such 
as mating and oviposition by cornsilk flies. Understanding the role of color in the behavior of cornsilk flies and inherent 
similarities and differences in the attraction responses between E. eluta and C. massyla are important for development of 
visual traps. Yellow appears to be a common attractive color for attracting both species, however the brightness of yellow 
is an important factor in attraction. While both species may be attracted to a yellow trap to some degree, attraction and 
thus trap collection are likely to be more skewed towards C. massyla. In contrast, use of mid-tone blue for trapping may 
be useful for targeted trapping of E. eluta with little representation of C. massyla.

Supporting information

S1 Table. Percentage of flies in each two-choice assay cage that were collected on either the treatment (colored) 
or gray card. % colored pigment represents the composition of the treatment which consisted of colored pigment com-
bined with white pigment.
(DOCX)

Acknowledgments

Thanks are extended to Daniel Cho for assistance with colony rearing and assays. The use of trade, firm or corporation 
names in this publication is for the information and convenience of the reader. Such use does not constitute an official 
endorsement or approval by the United States Department of Agriculture or the Agricultural Research Service of any prod-
uct or service to the exclusion of others that may be suitable. USDA is an equal opportunity provider and employer.

Author contributions

Conceptualization: Sandra A. Allan.

Data curation: Sandra A. Allan.

Formal analysis: Sandra A. Allan.

Investigation: Sandra A. Allan.

Methodology: Sandra A. Allan.

Project administration: Sandra A. Allan.

Resources: Sandra A. Allan.

Software: Sandra A. Allan.

Supervision: Sandra A. Allan.

Validation: Sandra A. Allan.

Visualization: Sandra A. Allan.

Writing – original draft: Sandra A. Allan.

Writing – review & editing: Sandra A. Allan.

References
	1.	 Cruz I, Silva RBD, Figueiredo MDLC, Penteado-Dias AM, Sarto MCLD, Nuessly GS. Survey of ear flies (Diptera, Ulidiidae) in maize (Zea mays L.) 

and a new record of Euxesta mazorca Steyskal in Brazil. Rev Bras Entomol. 2011;55:102–8.

	2.	 Goyal G, Nuessly GS, Seal DR, Steck GJ, Capinera JL, Meagher RL. Examination of the pest status of corn-infesting Ulidiidae (Diptera). Environ 
Entomol. 2012;41(5):1131–8. https://doi.org/10.1603/EN11265 PMID: 23068169

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0346423.s001
https://doi.org/10.1603/EN11265
http://www.ncbi.nlm.nih.gov/pubmed/23068169


PLOS One | https://doi.org/10.1371/journal.pone.0346423  April 3, 2026 14 / 16

	 3.	 Goyal G, Nuessly GS, Seal DR, Capinera JL, Steck GJ, Boote KJ. Distribution of picture-winged flies (Diptera: Ulidiidae) infesting corn in Florida. 
Fla Entomol. 2011;94:35–47.

	 4.	 Seal DR, Jansson RK. Biology and management of corn-silk fly, Euxesta stigmatias Loew (Diptera: Otitidae), on sweet corn in southern Florida. 
Proc Fla State Hort Soc. 1989;102:370–3.

	 5.	 USDA/NASS. United States Department of Agriculture: National Agricultural Statistics Service. https://quickstats.nass.usda.gov/ 2021. 2025 August 
18.

	 6.	 Owens D, Cherry R, Karounos M, Nuessly GS. Evaluation of lures for monitoring silk flies (Diptera: Ulidiidae) in sweet corn. Fla Entomol. 
2017;100:251–6.

	 7.	 Owens D, Nuessly GS, Kendra PE, Colquhoun TA, Seal DR. Attraction, Oviposition Preferences, and Olfactory Responses of Corn-Infesting Ulidii-
dae (Diptera) to Various Host-Based Substrates. Environ Entomol. 2017;46(4):885–94. https://doi.org/10.1093/ee/nvx096 PMID: 28520928

	 8.	 Allan SA. Color, pattern, and background contrast affect attraction of Euxesta eluta and Chaetopsis massyla (Diptera: Ulidiidae). Environ Entomol. 
2024;53(1):67–76. https://doi.org/10.1093/ee/nvad120 PMID: 38204206

	 9.	 Lopes SR, Cruz I. Management of Euxesta spp. in Sweet Corn with McPhail Traps. Neotrop Entomol. 2020;49(1):139–46. https://doi.org/10.1007/
s13744-019-00733-1 PMID: 31813104

	10.	 Stukenberg N, Poehling HM. Blue-green opponency and trichromatic vision in the greenhouse whitefly (Trialeurodes vaporariorum) explored using 
light emitting diodes. Ann Appl Biol. 2019;175:146–63.

	11.	 Schnaitmann C, Pagni M, Reiff DF. Color vision in insects: insights from Drosophila. J Comp Physiol A Neuroethol Sens Neural Behav Physiol. 
2020;206(2):183–98. https://doi.org/10.1007/s00359-019-01397-3 PMID: 32020291

	12.	 van der Kooi CJ, Stavenga DG, Arikawa K, Belušič G, Kelber A. Evolution of Insect Color Vision: From Spectral Sensitivity to Visual Ecology. Annu 
Rev Entomol. 2021;66:435–61. https://doi.org/10.1146/annurev-ento-061720-071644 PMID: 32966103

	13.	 Briscoe AD, Chittka L. The evolution of color vision in insects. Annu Rev Entomol. 2001;46:471–510. https://doi.org/10.1146/annurev.ento.46.1.471 
PMID: 11112177

	14.	 Kelber A, Vorobyev M, Osorio D. Animal colour vision--behavioural tests and physiological concepts. Biol Rev Camb Philos Soc. 2003;78(1):81–
118. https://doi.org/10.1017/s1464793102005985 PMID: 12620062

	15.	 Guignard Q, Allison JD, Slippers B. The evolution of insect visual opsin genes with specific consideration of the influence of ocelli and life history 
traits. BMC Ecol Evol. 2022;22(1):2. https://doi.org/10.1186/s12862-022-01960-8 PMID: 34996358

	16.	 Hardie RC. The photoreceptor array of the dipteran retina. Trends in Neurosciences. 1986;9:419–23. https://doi.
org/10.1016/0166-2236(86)90136-0

	17.	 Song B-M, Lee C-H. Toward a Mechanistic Understanding of Color Vision in Insects. Front Neural Circuits. 2018;12:16. https://doi.org/10.3389/
fncir.2018.00016 PMID: 29527156

	18.	 Wang L-Y, Stuart-Fox D, Walker G, Roberts NW, Franklin AM. Insect visual sensitivity to long wavelengths enhances colour contrast of insects 
against vegetation. Sci Rep. 2022;12(1):982. https://doi.org/10.1038/s41598-021-04702-w PMID: 35046431

	19.	 Castillo G, Palladini A, Giudice A, Socías MG, Díaz V, Moyano A, et al. Identification of visual and olfactory stimuli for cornsilk flies (Euxesta sp) 
management. Pest Manag Sci. 2025;81(7):3858–66. https://doi.org/10.1002/ps.8752 PMID: 40033670

	20.	 Allan SA, Geden CJ, Sobel JL. Laboratory Evaluation of Pupal Parasitoids for Control of the Cornsilk Fly Species, Chaetopsis massyla and Eux-
esta eluta. Insects. 2022;13(11):990. https://doi.org/10.3390/insects13110990 PMID: 36354814

	21.	 Menzel R, Ventura DF, Hertel H, De Souza JM, Greggers U. Spectral sensitivity of photoreceptors in insect compound eyes: Comparison of spe-
cies and methods. J Comp Physiol A. 1986;158(2):165–77.

	22.	 Skorupski P, Chittka L. Photoreceptor spectral sensitivity in the bumblebee, Bombus impatiens (Hymenoptera: Apidae). PLoS One. 
2010;5(8):e12049. https://doi.org/10.1371/journal.pone.0012049 PMID: 20711523

	23.	 Allan SA, Stoffolano JG, Bennett RR. Spectral sensitivity of the horse fly Tabanus nigrovittatus (Diptera: Tabanidae). Can J Zool. 1991;69:369–74.

	24.	 Govardovskii VI, Fyhrquist N, Reuter T, Kuzmin DG, Donner K. In search of the visual pigment template. Vis Neurosci. 2000;17(4):509–28. https://
doi.org/10.1017/s0952523800174036 PMID: 11016572

	25.	 Stavenga DG. On visual pigment templates and the spectral shape of invertebrate rhodopsins and metarhodopsins. J Comp Physiol A Neuroethol 
Sens Neural Behav Physiol. 2010;196(11):869–78. https://doi.org/10.1007/s00359-010-0568-7 PMID: 20725729

	26.	 McNeill CA, Allan SA, Koehler PG, Pereira RM, Weeks ENI. Vision in the common bed bug Cimex lectularius L. (Hemiptera: Cimicidae): eye mor-
phology and spectral sensitivity. Med Vet Entomol. 2016;30(4):426–34. https://doi.org/10.1111/mve.12195 PMID: 27670265

	27.	 Agee HR, Boller E, Remund U, Davis JC, Chambers DL. Spectral sensitivities and visual attractant studies on the Mediterranean fruit fly, Ceratitis 
capitata (Wiedemann), olive fly, Dacus oleae (Gmelin), and the European cherry fruit fly, Rhagoletis cerasi (L.) (Diptera, Tephritidae)1. Zeitschrift 
für Angewandte Entomologie. 1982;93(1–5):403–12. https://doi.org/10.1111/j.1439-0418.1982.tb03612.x

	28.	 Hardie R, Vogt K, Rudolph A. The compound eye of the tsetse fly (Glossina morsitans morsitans and Glossina palpalis palpalis). Journal of Insect 
Physiology. 1989;35(5):423–31. https://doi.org/10.1016/0022-1910(89)90117-0

	29.	 Telles FJ, Lind O, Henze MJ, Rodríguez-Gironés MA, Goyret J, Kelber A. Out of the blue: the spectral sensitivity of hummingbird hawkmoths. J 
Comp Physiol A Neuroethol Sens Neural Behav Physiol. 2014;200(6):537–46. https://doi.org/10.1007/s00359-014-0888-0 PMID: 24553915

https://quickstats.nass.usda.gov/
https://doi.org/10.1093/ee/nvx096
http://www.ncbi.nlm.nih.gov/pubmed/28520928
https://doi.org/10.1093/ee/nvad120
http://www.ncbi.nlm.nih.gov/pubmed/38204206
https://doi.org/10.1007/s13744-019-00733-1
https://doi.org/10.1007/s13744-019-00733-1
http://www.ncbi.nlm.nih.gov/pubmed/31813104
https://doi.org/10.1007/s00359-019-01397-3
http://www.ncbi.nlm.nih.gov/pubmed/32020291
https://doi.org/10.1146/annurev-ento-061720-071644
http://www.ncbi.nlm.nih.gov/pubmed/32966103
https://doi.org/10.1146/annurev.ento.46.1.471
http://www.ncbi.nlm.nih.gov/pubmed/11112177
https://doi.org/10.1017/s1464793102005985
http://www.ncbi.nlm.nih.gov/pubmed/12620062
https://doi.org/10.1186/s12862-022-01960-8
http://www.ncbi.nlm.nih.gov/pubmed/34996358
https://doi.org/10.1016/0166-2236(86)90136-0
https://doi.org/10.1016/0166-2236(86)90136-0
https://doi.org/10.3389/fncir.2018.00016
https://doi.org/10.3389/fncir.2018.00016
http://www.ncbi.nlm.nih.gov/pubmed/29527156
https://doi.org/10.1038/s41598-021-04702-w
http://www.ncbi.nlm.nih.gov/pubmed/35046431
https://doi.org/10.1002/ps.8752
http://www.ncbi.nlm.nih.gov/pubmed/40033670
https://doi.org/10.3390/insects13110990
http://www.ncbi.nlm.nih.gov/pubmed/36354814
https://doi.org/10.1371/journal.pone.0012049
http://www.ncbi.nlm.nih.gov/pubmed/20711523
https://doi.org/10.1017/s0952523800174036
https://doi.org/10.1017/s0952523800174036
http://www.ncbi.nlm.nih.gov/pubmed/11016572
https://doi.org/10.1007/s00359-010-0568-7
http://www.ncbi.nlm.nih.gov/pubmed/20725729
https://doi.org/10.1111/mve.12195
http://www.ncbi.nlm.nih.gov/pubmed/27670265
https://doi.org/10.1111/j.1439-0418.1982.tb03612.x
https://doi.org/10.1016/0022-1910(89)90117-0
https://doi.org/10.1007/s00359-014-0888-0
http://www.ncbi.nlm.nih.gov/pubmed/24553915


PLOS One | https://doi.org/10.1371/journal.pone.0346423  April 3, 2026 15 / 16

	30.	 Bian L, Cai XM, Luo ZX, Li ZQ, Chen ZM. Foliage Intensity is an Important Cue of Habitat Location for Empoasca onukii. Insects. 2020;11(7):426. 
https://doi.org/10.3390/insects11070426 PMID: 32659987

	31.	 Guignard Q, Goodwin J, Kimoto T, Haynes KF, Allison JD. Characterising spectral sensitivity and the role of sunlight intensity in Japanese beetle 
(Popillia japonica) surveillance and monitoring (Coleoptera: Scarabaeidae). J Appl Entomol. 2025;0:1–10. https://doi.org/10.1111/jen.70007

	32.	 Landolt PJ, Heath RR, Agee HR, Tumlinson JH, Calkins CO. Sex pheromone-based trapping system for papaya fruit fly (Diptera: Tephritidae). J 
Econ Entomol. 1988;81:1163–9.

	33.	 Wu W-Y, Chen Y-P, Yang E-C. Chromatic cues to trap the oriental fruit fly, Bactrocera dorsalis. J Insect Physiol. 2007;53(5):509–16. https://doi.
org/10.1016/j.jinsphys.2007.02.003 PMID: 17382958

	34.	 Kelber A, Osorio D. From spectral information to animal colour vision: experiments and concepts. Proc Biol Sci. 2010;277(1688):1617–25. https://
doi.org/10.1098/rspb.2009.2118 PMID: 20164101

	35.	 Arikawa K. Spectral organization of the eye of a butterfly, Papilio. J Comp Physiol A Neuroethol Sens Neural Behav Physiol. 2003;189(11):791–
800. https://doi.org/10.1007/s00359-003-0454-7 PMID: 14520495

	36.	 Lebhardt F, Desplan C. Retinal perception and ecological significance of color vision in insects. Curr Opin Insect Sci. 2017;24:75–83. https://doi.
org/10.1016/j.cois.2017.09.007 PMID: 29208227

	37.	 Lunau K. Visual ecology of flies with particular reference to colour vision and colour preferences. J Comp Physiol A Neuroethol Sens Neural Behav 
Physiol. 2014;200(6):497–512. https://doi.org/10.1007/s00359-014-0895-1 PMID: 24664124

	38.	 Sharkey CR, Blanco J, Leibowitz MM, Pinto-Benito D, Wardill TJ. The spectral sensitivity of Drosophila photoreceptors. Sci Rep. 2020;10(1):18242. 
https://doi.org/10.1038/s41598-020-74742-1 PMID: 33106518

	39.	 Döring TF, Chittka L. Visual ecology of aphids—a critical review on the role of colours in host finding. Arthropod-Plant Interactions. 2007;1(1):3–16. 
https://doi.org/10.1007/s11829-006-9000-1

	40.	 Sivinski J, Klug H, Shapiro J, Lane J, Mankin R. Ultraviolet reflectance on the heads and wings of Anastrepha suspensa (Loew) and Ceratitis capi-
tata (Wiedemann) (Diptera: Tephritidae). Stud Dipter. 2002;11:313–22.

	41.	 Drew RAI, Dorji C, Romig MC, Loday P. Attractiveness of various combinations of colors and shapes to females and males of Bactrocera minax 
(Diptera: Tephritidae) in a commercial mandarin grove in Bhutan. J Econ Entomol. 2006;99(5):1651–6. https://doi.org/10.1603/0022-0493-
99.5.1651 PMID: 17066795

	42.	 Prokopy RJ, Owens ED. Visual detection of plants by herbivorous insects. Annu Rev Entomol. 1983;28:337–64.

	43.	 van der Kooi CJ, Spaethe J. Caution with colour calculations: spectral purity is a poor descriptor of flower colour visibility. Ann Bot. 2022;130(1):1–
9. https://doi.org/10.1093/aob/mcac069 PMID: 35726715

	44.	 Kelber A. Receptor based models for spontaneous colour choices in flies and butterflies. Entomol Exp Appl. 2001;99:231–44.

	45.	 Drew RA, Prokopy RJ, Romig MC. Attraction of fruit flies of the genus Bactrocera to colored mimics of host fruit. Entomol Exp Appl. 
2003;107:39–45.

	46.	 Nakagawa S, Prokopy RJ, Wong TT, Ziegler JR, Mitchell SM, Urago T, et al. Visual orientation of Ceratitis capitata flies to fruit models. Entomol 
Exp App. 1978;24(2):193–8.

	47.	 Sivinski J. Colored spherical traps for capture of Caribbean fruit fly, Anastrepha suspensa. Florida Entomologist. 1990;1:123–8.

	48.	 Prokopy RJ, Haniotakis GE. Responses of wild and laboratory-cultured Dacus oleae to host plant color. Ann Entomol Soc Amer. 1975;68:73–7.

	49.	 Fukushi T. Colour discrimination from various shades of grey in the trained blowfly, Lucilia cuprina. Journal of Insect Physiology. 1990;36(1):69–75. 
https://doi.org/10.1016/0022-1910(90)90152-6

	50.	 Kirkpatrick DM, McGhee PS, Hermann SL, Gut LJ, Miller JR. Alightment of Spotted Wing Drosophila (Diptera: Drosophilidae) on Odorless Disks 
Varying in Color. Environ Entomol. 2016;45(1):185–91. https://doi.org/10.1093/ee/nvv155 PMID: 26475826

	51.	 Owens ED, Prokopy RJ. Habitat background characteristics influencing Rhagoletis pomonella (Walsh)(Dipt., Tephritidae) fly response to foliar and 
fruit mimic traps. Zeit Ang Entomol. 1984;98:98–103.

	52.	 Vargas R, Stark JD, Prokopy RJ, Green TA. Response of oriental fruit fly (Diptera: Tephritidae) and associated parasitoids (Hymenoptera: Braconi-
dae) to different-color spheres. J Econ Entomol. 1991;84(5):1503–7.

	53.	 Li L, Ma H, Niu L, Han D, Zhang F, Chen J, et al. Evaluation of chromatic cues for trapping Bactrocera tau. Pest Manag Sci. 2017;73(1):217–22. 
https://doi.org/10.1002/ps.4288 PMID: 27060360

	54.	 Liu H, Gao Z, Deng SZ, Cao FQ, Lu YY. The photokinesis of oriental fruit flies, Bactrocera dorsalis, to LED lights of various wavelengths. Entomol 
Exp Appl. 2018;166:102–12.

	55.	 Jiang J-A, Liu Y-Y, Liao M-S, Yang E-C, Chen M-Y, Chuang Y-Y, et al. Complementary use of visual and olfactory cues to assess capture of Bac-
trocera dorsalis (Hendel): Implementation and field verification via an IoT-based automatic monitoring system. Proc Jpn Acad Ser B Phys Biol Sci. 
2024;100(1):68–85. https://doi.org/10.2183/pjab.100.008 PMID: 38199248

	56.	 Greany PD, Agee HR, Burditt AK, Chambers DL. Field studies on color preferences of the Caribbean fruit fly, Anastrepha suspensa (Diptera: 
Tephritidae). Entomol Exp Appl. 1977;21:63–70.

https://doi.org/10.3390/insects11070426
http://www.ncbi.nlm.nih.gov/pubmed/32659987
https://doi.org/10.1111/jen.70007
https://doi.org/10.1016/j.jinsphys.2007.02.003
https://doi.org/10.1016/j.jinsphys.2007.02.003
http://www.ncbi.nlm.nih.gov/pubmed/17382958
https://doi.org/10.1098/rspb.2009.2118
https://doi.org/10.1098/rspb.2009.2118
http://www.ncbi.nlm.nih.gov/pubmed/20164101
https://doi.org/10.1007/s00359-003-0454-7
http://www.ncbi.nlm.nih.gov/pubmed/14520495
https://doi.org/10.1016/j.cois.2017.09.007
https://doi.org/10.1016/j.cois.2017.09.007
http://www.ncbi.nlm.nih.gov/pubmed/29208227
https://doi.org/10.1007/s00359-014-0895-1
http://www.ncbi.nlm.nih.gov/pubmed/24664124
https://doi.org/10.1038/s41598-020-74742-1
http://www.ncbi.nlm.nih.gov/pubmed/33106518
https://doi.org/10.1007/s11829-006-9000-1
https://doi.org/10.1603/0022-0493-99.5.1651
https://doi.org/10.1603/0022-0493-99.5.1651
http://www.ncbi.nlm.nih.gov/pubmed/17066795
https://doi.org/10.1093/aob/mcac069
http://www.ncbi.nlm.nih.gov/pubmed/35726715
https://doi.org/10.1016/0022-1910(90)90152-6
https://doi.org/10.1093/ee/nvv155
http://www.ncbi.nlm.nih.gov/pubmed/26475826
https://doi.org/10.1002/ps.4288
http://www.ncbi.nlm.nih.gov/pubmed/27060360
https://doi.org/10.2183/pjab.100.008
http://www.ncbi.nlm.nih.gov/pubmed/38199248


PLOS One | https://doi.org/10.1371/journal.pone.0346423  April 3, 2026 16 / 16

	57.	 Cornelius ML, Duan JJ, Messing RH. Visual stimuli and the response of female oriental fruit flies (Diptera: Tephritidae) to fruit-mimicking traps. J 
Econ Entomol. 1999;92:121–9.

	58.	 Prokopy RJ. Attraction of Rhagoletis flies (Diptera: Tephritidae) to red spheres of different sizes. The Canadian Entomologist. 1977;109:593–6.

	59.	 Henneman ML, Papaj DR. Role of host fruit color in the behavior of the walnut fly Rhagoletis juglandis. Entomol Exp Appl. 1999;93:247–56.

	60.	 Xue HW, Wu WJ. Preferences of Bactrocera cucurbitae (Diptera: Tephritidae) to different colors: a quantitative investigation using virtual wave-
length. Acta Entomol Sin. 2013;56:161–6.

	61.	 Wang Y, Andongma AA, Dong Y, Chen Z, Xu P, Ren X, et al. Rh6 gene modulates the visual mechanism of host utilization in fruit fly Bactrocera 
minax. Pest Manag Sci. 2019;75(6):1621–9. https://doi.org/10.1002/ps.5278 PMID: 30471178

	62.	 Katsoyannos BI, Patsouras G, Vrekoussi M. Effect of color hue and brightness of artificial oviposition substrates on the selection of oviposition site 
by Dacus oleae. Entomol Exp Appl. 1985;38:205–14.

	63.	 Liang DH, Chen R, Zhou Q. Responsiveness of Bactrocera dorsalis (Hendel) adult to different colours and odorants. Life Sci Res. 2016;20:36–62.

	64.	 Tuttle AF, Ferro DN, Idoine K. Role of visual and olfactory stimuli in host finding of adult cabbage root flies, Delia radicum. Entomol Exp Appl. 
1988;47:37–44.

	65.	 An L, Neimann A, Eberling E, Algora H, Brings S, Lunau K. The yellow specialist: dronefly Eristalis tenax prefers different yellow colours for landing 
and proboscis extension. J Exp Biol. 2018;221(Pt 22):jeb184788. https://doi.org/10.1242/jeb.184788 PMID: 30190319

https://doi.org/10.1002/ps.5278
http://www.ncbi.nlm.nih.gov/pubmed/30471178
https://doi.org/10.1242/jeb.184788
http://www.ncbi.nlm.nih.gov/pubmed/30190319

