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Abstract 

Results regarding the combination of light-traps and coloured
glue-boards for the trap and control of the house fly, Musca
domestica L. (Diptera: Muscidae), are reported. Monitoring was
performed using as basic structure PRO 80S UV fluorescent fly
traps in a confinement swine farm in the south of Italy. During the
trials, neon traps with a combination of glue-boards (yellow vs
black and yellow vs white) and neon vs LED traps with yellow
glue-boards were evaluated. Results indicated that yellow and
black glue-boards were equally attractive to flies, with no signifi-
cant differences. Light-traps captured significantly more flies
when a white glue-board was used rather than a yellow panel. The
neon lamp attracted significantly more flies than the LED lamp.
According to our results, light-traps with white panels have poten-

tial to be employed in Integrated Pest Management (IPM) pro-
grams for monitoring and controlling house flies in livestock
farms and in food processing, reducing risks in dissemination of
pathogens which have the potential to affect humans or animals.

Introduction

Light-traps are one of the most important tools used to moni-
tor harmful populations of flies and other insects in food process-
ing and storage areas (Hogsette, 2008; Bell, 2014; Trematerra,
2013; Lelieveld et al., 2014). 

Many types of flies pose hygiene threats in the livestock farms
and food industries in temperate countries, including house flies,
blow flies, fruit flies, and drain flies. Infestations of each type of fly
originate from different types of hygiene failures and increase the
potential for transmission of faecal-oral pathogens. Flies carry over
100 different germs, including viruses, bacteria, fungi, and even the
eggs of worms, more than 65 of which have the potential to affect
humans or animals (Greenberg, 1965, 1973). As known house flies
disseminate pathogens and diseases in three different ways: a fly’s
body surface, particularly its legs and proboscis, may be contami-
nated; pathogens can be regurgitated on to food via vomit drops; or
pathogens may pass through the gut of the fly and be deposited in
its faeces. Mechanical transfer of disease through either fly feeding,
faeces, or saliva facilitates the spread of the most widely publicised
risks to animal and human health: Escherichia coli, Salmonella and
Shigella (Nassiri et al., 2015; Bahrndorff et al., 2017). 

Flies also create the potential for bridges for disease transfer
between stock in different buildings or on different farms, as well as
from one batch of livestock to another as they pass through the same
building, even despite thorough physical cleaning or biosecurity
measures (Omalu et al., 2011; Phoku et al., 2016; Sarwar, 2016). 

Light-traps can help reduce fly problems in livestock farms
and in food processing plants when adequate attention is paid to
removing potential breeding sites. Most insects that affect the food
chain are attracted to light, however, optimal trap types and light
characteristics vary greatly according to the pest-monitoring pro-
gram (Hall et al., 2003; Trematerra & Fleurat-Lessard, 2015; Bell
et al., 2019). The assessment of light-traps is often an excellent
place to begin the inspection of a facility (Bell, 2014). It is impor-
tant to match the specific type of trap with the appropriate envi-
ronmental conditions. Some factors affecting the choice of trap are
the level of dust, the ambient temperature, insect population, and
whether the trap is to be placed indoors or outdoors. In spring for
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example, the floors of unheated buildings are optimal for growth
and development of food industry insects (i.e. Coleoptera, Diptera,
Hymenoptera, Lepidoptera, etc). As temperature gradients change
within buildings throughout the summer months, harsh conditions
near the ceilings of facilities may hinder insect capture in monitor-
ing programs (Hall et al., 2003; Campbell et al., 2012).

Due to the gradual introduction of numerous directives focus-
ing on energy conservation and the use of lamps not containing
dangerous substances, the light-trap market is currently advancing
toward an important transformation. In Europe, the ErP Directive
(EC) 244/2009 was implemented on September 1, 2018, stating
that mercury vapour fluorescent lamps may no longer be manufac-
tured or sold. Therefore, the use of LED technology could be
important in the future, and studies aiming to optimise the per-
formance of these kind of light-traps will be necessary (ErP
Directive 244/2009).

In the present paper, we assess the feasibility of using a light-trap
with a coloured glue-boards system to trap the house fly, Musca
domestica L., by comparing a combination of glue-boards (yellow vs
black and yellow vs white), and light sources (neon vs LED).

Materials and Methods

The study was undertaken in a confinement swine farm in the
south of Italy. All experiments were performed in a 320 m2 build-
ing that was internally subdivided by concrete walls approximately
1.5 m high. The building was selected because as it was the build-
ing most densely infested by the house fly, M. domestica. The sta-
ble contained a manger and various drinking troughs. The floor
was made up of grids allowing excrement and sewage to be col-
lected in an underground tank. The tank was emptied using
mechanical pumps every two months.

The evaluation was conducted during 2019 throughout two
trial series: coloured glue-board trials (divided in Test A and Test
B) and light-trap trials.

The trials began on March 28 and ended on October 17. From
August 2 through September 20, the farm was empty and no mon-
itoring was performed; the underground tank remained empty dur-
ing this period. The granular insecticidal bait Sugarkill Extra
(acetamiprid 0.50 g + Z-9 tricosene 0.06 g) (Copyr, Milano, Italy)
was strategically placed in the stable throughout the entire experi-
mental period. 

Two light-trap, with similar basic structure, were used in our
experiments. The first type of light trap was a fluorescent neon fly
trap, model PRO 80S (Ekommerce, Atessa, Chieti, Italy) (Figure
1A). This trap was made of steel and had an open structure with
dimensions 62.3 cm length, 29.5 cm height, and 11 cm depth. The
trap was activated by two fluorescent MONSTER 40W lamps,
Quantum T12 BL368 (Klight, Germany), radiation peak at 365 nm
with viewing angle of 360°. 

The second type of light-trap used was similar to the trap
described above but used a 58 cm long LED strip instead of fluo-
rescent lamps. The strip was composed of 72 LED pieces of two
types (60 type1 and 12 type2 pieces), separated by 4.5 mm. Every
5 pieces of type1, a type2 was placed along the strip. The dimen-
sions of both LED type pieces were 2.8 × 3.5 × 2 mm, their power
dissipation capacity was 0.5 W, and their viewing angle was 90°.
Type1 wavelength (λP) ranged from 365 to 375 nm and type2 λP
ranged between 395 and 405 nm. 

In all trial series, the light traps were placed along the wall of
the stable, at a linear distance of at least 3 m from each other and
approximately 1.5 m from the ground. 

Three kinds of coloured glue-boards (54.3 × 30 cm) were test-
ed. The yellow TAK model glue-board and the black TAK model
glue-board (Ekommerce, Atessa, Chieti, Italy) were a cardboard
Kraft type with 2.5 × 2.5 cm white grid mesh and a 47.6 × 26 cm
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Figure 1. Fluorescent fly trap model PRO 80S (A) and glue-boards employed during the trials: black glue-board model TAK (B); yellow
glue-board model TAK (C); white glue-board (with vertical glue strips) model FLUX (D).
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homogenous lamination of glue (Figures 1B and 1C). The white
FLUX model glue-board (FASMI, Cercemaggiore, Campobasso,
Italy) was an unpainted white cardboard board with nineteen lam-
inated vertical strips of glue, 1.5 cm wide and spaced 1 cm from
each other (Figure 1D).

Experimental design

Coloured glue-board trials

Test A was carried out in March and April of 2019. Four UV
fluorescent neon fly traps were used and we compared two traps
with yellow glue-boards vs two traps with black glue-boards (Table
1). Test B was performed in the period between May and August
2019. Four UV fluorescent neon fly traps were used and we com-
pared two traps with yellow glue-boards vs two traps with white
glue-boards. Test B was divided into two sub-periods (sub-period
B1 and sub-period B2). Sub-period B1 was carried out between
May and June, no additional insecticidal treatments were applied
in building during this period. The sub-period B2 was executed
between July and August, while cypermethrin (Cipex 10 E, Bleu
Line, Forlì, Italy) treatments were being applied daily by the owner
of the farm to the walls and floors of the premises, including the
fly traps (Table 1).

Light-trap trials

The trials were performed between September and October of
2019. Two UV fluorescent neon traps were compared with two
LED lamp traps. All traps had yellow model glue-boards (Table 1). 

During the trials, traps were checked twice a week. During each
check, the glue-boards were replaced with new ones and the traps
were rotated from one position to the other in sequential order, there-
by minimising bias due to trap positioning. Only M. domestica spec-
imens trapped on the glue-board panels were quantified.

Data analysis
For experimental tests comparing yellow vs black panels (Test

A of the coloured glue-board trials) and UV fluorescent neon vs
LED lamps (light-trap trials), the number of trapped M. domestica
specimens were assessed using the Student’s t-test for independent
samples. For Test B of the coloured glue-board trials, data were
analysed using two-way univariate ANOVA; the colour of the
panel (yellow vs white panel) and the type of pest management
employed (no insecticide treatment vs insecticide treatment) were
the independent variables. 

In each trial, the trap checking was considered as a replicate of
the experiment. Before the analyses were performed, data were ln (x

+ 1) transformed to normalise variance and standardise means.
Statistical analyses were performed using SPSS statistical software.

Results

Light traps with coloured glue-boards captured a number of
adults of fly. Across the experiment, a total of 77,513 M. domestica
adults were trapped (7,974 adults in Test A and 46,329 in Test B of
coloured glue-board trials; 23,210 during light-trap trials), sea-
sonality had no impact on the direct comparisons. 

Coloured glue-board trials
Results of Test A revealed that yellow panels and black panels

were equally attractive to flies; no significant differences were
observed when data were compared using a t-test (t=1.271, df=30,
P=0.214) (Figure 2). Analysis of Test B data using ANOVA
revealed that traps using white, rather than yellow, glue-boards
captured significantly more flies (F=4.788; df=1,76; P=0.032). In
the presence of insecticide treatments (sub-period B2), the number
of flies caught was significantly lower compared to when treat-
ments were absent (sub-period B1) (F=42.244; df=1,76; P<0.001).
No interactions between panel colour and chemical treatment were
observed (F=1.475; df=1,76; P=0.208). In the presence of insecti-
cide treatments, the enhanced performance of the white panel over
the yellow panel was reduced, although not in a significant way
(Figure 3). 

Light-trap trials
Results of light-trap trials revealed significant differences in

the number of adult flies captured using the different types of lamp
(t=10.207, df=30, P<0.01). According to the data obtained, fluores-
cent neon lamps attracted a greater number of flies than the LED
lamps (Figure 4).

Discussion and Conclusions

The problem of inducing flies to enter traps, rather than just
arrive at traps, is one of the most difficult to solve in trap design.
Many methods have been used to capture and assess synanthrop-
ic flies, however, there is little uniformity in these techniques
used (Cohen et al., 1991; Kaufman et al., 2005; Geden, 2006;
Hogsette, 2008). 
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Table 1. Fluorescent fly trap, model PRO 80S: details of the experimental trials conducted as well as the number of flies trapped.

Experimental periods                                                                       Coloured glue-board trials                                           Light-trap trials
                                                                                      Test A        Test B                                   (September-October)
                                                                                 March-April                   sub-Test B1                   sub-Test B2
                                                                                                                        (May-June)                 (July-August)

Type of light                                                                                Two fluorescent                    Two fluorescent                     Two fluorescent                     Two fluorescent
                                                                                                          Neon lamps                            Neon lamps                            Neon lamps                            Neon lamps
                                                                                                       MONSTER 40W,                     MONSTER 40W,                      MONSTER 40W,                      MONSTER 40W,
                                                                                                   Quantum T12 BL368             Quantum T12 BL368              Quantum T12 BL368              Quantum T12 BL368
                                                                                                                                                                                                                                                                  vs LED strip
Colour of glue-board                                                                 Yellow vs Black                      Yellow vs White                      Yellow vs White                              Yellow
Insecticide treatmentin building                                                       No                                             No                                             Yes                                             No
N. of M. domestica adults trapped                                                  7,974                                        36,771                                         9,558                                         23,210
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Muscid flies are known to be sensitive to differing wavelengths
of light (Diclaro et al., 2012), and different colours of the spectrum
may be used to improve trap catches (Pickens et al., 1994; Geden,
2006; Hanley et al., 2009; Gerry et al., 2011; Khan et al., 2013). Hall
et al. (2003) demonstrated significant variations in the number of
flies caught using different trap colours, both between species as
well as within species. Although at least one study in the field has
suggested that trap colour does not affect trap catches (Hanley et al.,
2009), there are several studies suggesting the opposite (Hecht,
1970; Chapman et al., 1999; Geden, 2006; Diclaro et al., 2012). 

Various studies have also been carried out in order to enhance
understanding of light-trap function, as well as to improve the
development and application of these traps in food processing
plants (Fletcher & Long, 1973; Hogsette, 2008; Shimoda &

Honda, 2013). However, previous research has focused mainly on
devices, and minimal data exists describing the effects of glue-
board colour panels positioned inside UV light-traps.

It is known that visual stimuli have a decisive influence on the
behaviour of arthropods. The ability to distinguish different wave-
lengths (colour vision) is the main function of a compound eye,
while ocelli function to identify differences in light intensity
(Hilbert, 1992; Mizunami, 1994). Adult house flies use reflected
light from the environment during flight to search for food and
identify refuge (Diclaro et al., 2012).

Some electroretinographic studies have shown that the eyes of
M. domestica are sensitive to UV light between 340 nm and 370
nm and blue-green light between 480 nm and 510 nm (Goldsmith
& Fernandez, 1968; McCann & Arnett, 1972).

                                Article

Figure 2. Coloured glue-board trials. Test A: mean number (+SE) of flies/day, yellow vs black glue-boards, captured in the neon traps
(TC = trap checking).

Figure 3. Coloured glue-board trials. Test B: mean number (+SE) of flies/day, yellow vs white glue-boards, captured in the neon traps
(TC = trap checking).
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Thimijan & Pickens (1973) observed that the attractiveness of
a light source tended to progressively decline from 390 nm to 630
nm; additionally, no significant differences between males and
females were observed. House flies, however, were mostly attract-
ed to light reflected at 350 nm (Thimijan & Pickens, 1973).
Pickens & Thimijan (1986) noted that the two elements with the
largest influence on trap effectiveness were lamp brightness and
the size of the UV emitting area.

The management of flies in and around structures of livestock
farms and food industries can sometimes be difficult and no two
situations are exactly alike, however, each control effort involves
certain common steps. Sanitation, manure and breeding source
removal, and exclusion are key steps in any fly management pro-
gram (Trematerra, 2013; Trematerra & Fleurat-Lessard, 2015).
Integrated Pest Management (IPM) programs are particularly use-
ful for nuisance fly control in intensive animal industries (dairy,
beef, swine, and poultry), and some are specifically aimed at man-
aging house flies.

To control flies in food chains (from field to fork), different
schemes of pest control should be integrated in the production
phases involving raw materials compared to the various processing
departments leading to sale of the finalised food product, and best
practices should be combined to minimise fly populations. 

To successfully control flies, it is important that
producers/operators implement an IPM control program that is
best suited for the specific activity. Reliance on a single practice or
pesticide product is not the best means to achieve effective and
economical pest control. In general, a better approach combines
routine sanitation with a variety of cultural, physical, biological,
and pesticidal strategies, such as bait, residual sprays, space
sprays, and larvicides in areas where flies are present. 

In this context, to reduce pathogen contamination by M.
domestica, physical barriers, for example, including exclusion
methods such as nets and screens on windows and other openings
to prevent flies from entering buildings, were determined to be
universally useful. In addition to physical barriers, there is a need
for improved long-term control, which can be accomplished by
removing fly breeding grounds. General hygiene usually also
requires improvement, and fly control is crucial for achieving

this goal. Cleaning and fully removing dung from buildings
deprives flies of the organic matter required to breed.
Furthermore, flies will not breed in dry areas, therefore, simple
measures such eliminating water leaks also significantly min-
imises fly populations. 

With regards to food processing plants, light-traps have the
potential for wide employment to monitor and control nuisance
flies (while they may also catch beetles, wasps, and moths) in
slaughterhouses, butchers, dairies, bakeries, restaurants, food pro-
cessing plants, and supermarkets. 

Often, light-traps are placed in order to help draw insects away
from building entrances; therefore, the use of devices that are as
efficient as possible is absolutely essential. 

From a practical point of view, the following are some sugges-
tions on how operators can increase the efficiency of light-traps.
As M. domestica tend to fly within 1.5 m of the floor, light traps
should be installed at approximately this height; traps hung from
ceilings or installed high on walls do not catch as many flies.
Install light traps so that they cannot be seen from outside of the
building, either through windows or open doorways as flies and
other insects could be attracted to the building, especially during
night time hours. Install traps where they do not have to compete
with sunlight or artificial lights; installation in dark areas can
increase a light trap’s effectiveness. In processing plants, install
light traps at least 1.5 m away from food preparation surfaces as
this attracts insects away from these areas.

According to our experimental findings in coloured glue-board
trials, white panels with vertical glue strips trap a larger number of
M. domestica specimens than yellow glue-boards, and in light-trap
trials fluorescent neon lamps attract more flies than LED lamps.
However, intraspecific diversity in insect behaviour between geo-
graphical regions, as reported by Hall et al. (2003), could have a
significant impact on the effectiveness of systems for sampling and
control of flies.

The mostly influential parameter in attracting house flies in our
studies was the trap brightness, which increased as a result of
enhanced light radiation from the high-gloss panel, due to the
stripes not having glue [with SBS Brightness C/2° of 95% (ISO
standard 2470-1:2019)]. In this regard it is important to point out
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Figure 4. Light-trap trials. Mean number (+SE) of flies/day captured in neon and LED traps with yellow glue-boards (TC = trap checking).
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that the lighting sources also varied in brightness, viewing angle
and wavelength.

At the same time, it is interesting to note that treatments of the
building with the insecticide cypermethrin during the B2 sub-peri-
od reduced the enhanced capture performance of the white striped
adhesive panels compared to the yellow panels, likely as a result of
the repellent effect from the presence of insecticide residue on the
non-adhesive surface of the panel. 

Either from a research or technical perspective, also in accor-
dance with the indications reported in the ErP Directive (EC)
244/2009, in the management of the house fly, M. domestica, fur-
ther studies are needed to optimise LED trap performance by inde-
pendently assessing the influence of lamp brightness, as well as
glue strip size and orientation.
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