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Efficient visual pest control is still in its infant stages. Although being non-invasive, environmentally 
friendly and potentially cost effective, we still have not cracked the way to efficiently use it against 
epidemic vector-carrying and crop-infesting insects. Chironomid ovipostion can provide insights to key 
factors in visual pest control by investigating the behavior under confined and unconfined conditions. 
Under confined condition, due to limited amount of oviposition sites and increase of egg density in 
highly preferred locations, females oviposit in less suitable sites. Intensity and polarization of light 
reflected from the oviposition sites were found to be important as guiding cues for the females. However, 
in the open outdoor where oviposition sites are unlimited, oviposition followed the polarization signal 
only, and the intensity was ignored as a cue. By applying this approach to reduce chironomid population 
in a natural reservoir we show that it may be used to divert ovipositing females to egg traps reflecting 
highly and horizontally polarized light. The potential of using color, intensity and polarization as a basis 
for building oviposition traps and applying it to pest control in the future, is discussed.
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sides. The efficiency of biological control depends on the 
density of the pest, it risks the introduction of invasive species, 
and it might be ineffective due to the competitive ability of the 
introduced species. Both approaches are expensive and in many 
cases provide only a partial solution.

Chironomids are distributed worldwide, occupying a range 
of fresh water habitats (Armitage et al. 1995). They often 
become nuisance to humans in several ways. Economically, they 
may be a problem as they stick to paint and to food processed 
in the industry and damage the final product, or by decreasing 
tourism in hotels nearby infected places. Health-wise, they may 
be inhaled, and become a source for respiratory diseases (see 
review in Armitage et al. 1995). Chironomids has been found 

INTrOduCTION

Insects can be major pests to human well-being and in 
agriculture. To date, chemical and biological control are the 
most commonly used methods to overcome insect infestation. 
Chemical control, although highly effective, is now becoming 
less and less accepted as we start to realize its negative effect 
on the environment as well as on our own health. Throughout 
the world, people are seeking for alternative control solutions 
that will allow decreasing or replacing the use of chemicals 
in agriculture. Biological control includes introducing a new 
organism to the ecosystem which feeds on the infesting pest, 
infects or otherwise limits or competes with it over resources. 
Although this method is widely in use, it still has its down 
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to host Vibrio cholerae (Broza & Halpern, 2001; Halpern et al. 
2004; Broza et al. 2008), an important pathogen of the Cholera 
disease. Although the epidemic strain of the pathogen has not 
been found on any chironomid species yet (the lethal non-
epidemic strains were found), it is likely that it will be in the 
near future (Malka Halpern, pers. comm.). Since V. cholerae 
may spread by winds between continents (Paz & Broza, 2007) 
it is epidemically important to understand the biology of the 
chironomids and their oviposition behavior to be able to apply 
it to pest control. Therefore, we aim in this review to summarize 
our recent findings regarding the visually-guided oviposition 
behavior of Chironomus transvaalensis Kieffer, 1923 (Diptera: 
Chironomidae; non-biting midge), and to provide insights from 
these findings to visual control of insect pests.

visual cues guide chironomids to oviposition sites
Chironomus larvae have the potential to infest water supply 
systems (Broza et al. 1998). Since chironomids of the species 
Chironomus transvaalensis were found to host V. cholerae, 
the motivation to study this species increased. Females of C. 
transvaalensis, mate during dusk at midair and descend to 
oviposit soon after. Most of the females lay one egg batch (EB) 
early in the night containing roughly 700 eggs enclosed in a 
gelatinous sack. The female attach the EB to the air-substrate-
water interface such as pond edges. Some of the females (ca. 
30%) wait until the next dawn to oviposit. The females die soon 
after they oviposit, and usually live not more than 24 hours.

An investigation of C. transvaalensis oviposition preference 
revealed that unlike their biting relatives the mosquitoes 
(Culicidae), the chironomid female choose its oviposition site 
not by odor but visually (Meltser et al. 2008; Bernáth et al. 
2008). Visual cues can include the three characteristics of 
light, intensity, color, and polarization. Any one of them or a 
combination of more than one could serve as a guiding cue for 
the females. Chironomids are mainly sensitive to the UV and 
the green parts of the spectrum (Kokkinn & Williams, 1989). 
In addition, the ability to sense the light’s polarization is well 
known among arthropods. Their photoreceptors in the retina 
include a structural parallel organization of the microvilli 
inhabiting the retinal molecules that absorb the light, which 
allows for the analysis of incoming linearly polarized radiation 
(reviewed in Horváth & Varjú 2004). Such an arrangement was 
found in the retina of C. transvaalensis where the microvilli 
in their photoreceptors were aligned in three orientations with 
a 45º difference to each other (Lerner et al. 2008). Moreover, 
chironomids have been shown to be attracted to polarization 
reflecting traps (Danthanarayana & Dashper 1986; Schwind 
1991; Horváth et al., 2011). In Lerner et al. (2008), the studied 
water reservoir (waste stabilization pond) reflected gray light 
at dusk which mainly depended on the water’s content and 
was wavelength independent. Therefore the water color was 
excluded as a guiding cue. Next, the two other characteristics, 
intensity and linear polarization, were investigated to determine 
which one of them could be the dominant guiding cue. Lerner 

et al. (2008) conducted two experiments to investigate this. 
One was a controlled experiment performed inside a tent 
where every evening at dusk, chironomid females were lured to 
enter the tent that contained four egg traps as oviposition sites 
reflecting a combination of high and low level of intensity, and 
polarized and unpolarized light. The spectra of the intensity and 
the polarization reflected from the traps were measured using 
a multispectral polarimeter composed of spectrophotometer 
attached to an optic fiber (for details see Lerner et al., 2008). The 
EB laid in the traps (Figure 1) were counted in the next morning, 
and the traps were cleaned from eggs for the next evening. The 
egg batches (EB) distributed on average as 10%, 25%, 25%, 
and 40% in the unpolarized low intensity, unpolarized high 
intensity, polarized low intensity, and polarized high intensity 
reflecting traps. Therefore, most of the EB (65%) were laid in 
the polarized traps. However, the unpolarized traps were not 
completely ignored (35% of the EBs laid in both unpolarized 
traps). Thus, both polarization and intensity attracted the 
females to oviposit in the traps. The second experiment was 
conducted outdoors on the pond’s edge. Four black plastic tubs 
served as the oviposition traps and were filled with tap and 
pond water to reflect two levels of intensity and 0.0, 0.2, 0.35 
and 0.38 partial polarizations. Here, EB counts followed the 
level of polarization regardless of the level of intensity. In this 
experiment, unpolarized and high intensity reflecting egg traps 
were mostly ignored by the ovipositing females (only few EBs 
were found in these traps and their counts were statistically 
not different from zero; see Lerner et al., 2008, for raw EB 
counts). Polarization was found to be positively correlated 
with the amount of suspended organic carbon in the water on 
which the larvae feed (Lerner et al. 2008). As such, polarization 
can provide the female an indication regarding the amount of 
food available to its offspring. The relative contribution of the 
suspended carbon and the carbon in the bottom of the pond 
on the reflected polarization deserves further investigation. 
The polarization reflected from the pond surface, unlike the 
intensity, was found to be stable and constant throughout 
sunset, hence it could serve as a reliable cue for the ovipositing 
females in a long period of time. We therefore concluded that 
polarization and not the intensity was the cue guiding females 
to oviposition sites in the field, while this differentiation was 
not obvious in the indoor experiment. 

density- and habitat-availability-effects on oviposition behavior
According to the ideal free distribution (IFD) theory, individuals 
are (a) assumed to accurately assess habitat quality, (b) are 
free to move between habitats and as a consequence (c) are 
distributed according to the habitat quality to maximize the 
individual fitness (Fretwell and Lucas 1969; see Morris 2006 
for review of IFD in fish). Assuming that polarization is a 
reliable cue for the amount of available resources in the habitat, 
no eggs were expected to be found in the unpolarized traps 
according to the IFD theory. Since eggs indeed were deposited 
in the unpolarized traps in our controlled experiment, isodar 
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Figure �. Chironomus transvaalensis egg batches (EB, strings) in polarization reflecting oviposition trap. The trap is made of a glass 
aquarium filled with tap water. The EB are attached to the air-glass-water interface. The dark part is a polarizing sheet placed beneath 
the aquarium, which fully polarizes the light coming from inside the box (for details see Lerner et al. 2008). Photo: Amit Lerner.

egg density was an order of magnitude smaller than the density 
in the indoor experiment (~0.4 vs. ~4.2 EB cm-1 respectively). 
This can be explained by the effectively unlimited number of 
oviposition sites available (females could oviposit along the 
edge of the pond) which has weakened the effects of density and 
future competition on the offspring.

visual control of a chironomid population
The method of luring chironomid females to oviposit in artificial 
egg traps has been tested on an outdoor chironomid population 
during March-May 2010. The aim of this experiment was to 
see if females could be diverted to egg-traps (tubs) by reducing 
the amount of their high-quality natural oviposition sites (pond 
edge). The experiment was conducted in the Hayogev waste 
stabilization pond, Israel (32º36’N35º10’E) were a population 
of Chironomus transvaalensis thrives. A larger pond is located 
about 400 m North-West to our test site which could serve as 
a recruiting source of individuals to the population examined. 
Ten Styrofoam rafts of 25cm×25cm were placed in the pond 
near the shore and the chironomid population was monitored by 
counting the EB laid on the water-touching edges of the rafts. 

analysis (Morris 1987; 1988) was applied to understand why 
eggs were found in these habitats (Lerner et al. 2011). In isodar 
analysis, the number of individuals in the high quality habitat 
is plotted against the number of individuals in the low quality 
habitat. The fitted line between them is termed the ‘isodar line’ 
and represents a line of equal fitness, which means that an 
individual will gain equal fitness in both habitats. As individual 
numbers increase, this analysis represents the decline in the 
quality of the habitats as a consequence of the increasing 
individual density. Therefore, this analysis is suitable to explain 
the presence of individuals in a habitat (EB counts in our study) 
affected by both the habitat quality and the specimen density. 
The effect of egg density and habitat availability was examined 
by comparing the egg counts found in different egg-traps in 
each of the two experiments. We showed that in the controlled 
experiment, where oviposition sites were limited, a strong 
density effect was found as the ratio of sampled egg batches 
in polarized and unpolarized traps was close to 1 (almost 
the same amount of eggs in both habitats). In contrast, in the 
outdoor experiment, the EB ratio found between the polarized 
and unpolarized sites was in order of magnitude higher, and 
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This method has been found to be effective in a previous study 
(Broza et al. 2003). Ten black tubs filled with 20 liters of pond 
water were placed on the pond’s shore close to the water and 
parallel to the styrofoam plates. The EBs attached to the plates 
and in the tubs were counted every morning and were removed 
right after to clean the tubs and the plates and prepare them 
for the oviposition cycle of the next evening. After 15 days of 
sampling, the pond edge which served as the natural oviposition 
site was covered with a white plastic sheet, 1.5-m wide that 
reflected unpolarized light, to divert the females to oviposit 
in the tubs. The pond water surface reflected ~0.7 partial 
polarization while the water in the tub reflected 0.4 partial 
polarization (Figure 2). Samples were taken continuously for 
50 days.

During the first 15 sampling days and before the white 
plastic sheet was placed on the pond’s edge, the chironomid 
population was stable and low with ca. 100-150 EB laid per day 
both on the plates and in the tubs (Figure 3). Just before placing 
the white plastic sheet, the chironomid population increased 
and the EB counts totaled 150 to 300 EB per day. The EB 
counts in the tubs did not change. However, right after the pond 
edge was covered in plastic (April 15th, dashed vertical line in 
Figure 3) and within 10 sampling days, the number of EB in the 
tubs increased rapidly and were tripled from about 100 to 300 
EB per day. This demonstrated that the plastic sheet decreased 
the availability of the natural habitats, and as a consequence, 

diverted the females to oviposit in the tubs, increasing the tub’s 
efficiency as an artificial and alternative oviposition site. 

visually-based pest control
Many animals use visual cues to find appropriate food (e.g. 
Gerchman et al. 2012) or to find suitable sites to oviposit. In 
both cases, the preference is fitness related, either directly 
on the choosing individual or on its offspring. Commercial 
crops suffer from pests that use fruit color to decide where to 
lay their eggs. The fruit color is closely related to the stage of 
ripeness. To synchronize the fruit ripeness with the emergence 
of the larvae, insects presumably prefer the unripe fruit to lay 
their eggs. For example, in a laboratory experiment, the papaya 
fly, Toxotraypana curvicauda, was shown to prefer the unripe 
green over the ripe yellow papaya fruit for ovipostition (Pena 
et al. 1986). This interesting finding was not confirmed in the 
field, nor was it applied to control the fly in a papaya plantation. 
However, the use of colored sticky plates to catch adult pests 
is based on the unresolved attraction of the insects to certain 
colors. Although these color plates have some efficiency, they 
do not diminish the pest population, and are often combined 
with chemical or biological methods or just serve to monitor 
population level in the plantation.

Some studies claim that aquatic insects prefer to oviposit on 
dark surfaces (e.g. Hoel et al. 2011). However, this experiment 
was conducted in confined conditions in the lab and lack 

Figure 2. Polarization image of natural and artificial oviposition sites of C. transvaalensis. RGB – true 
color, H(G) and V(G) - Polarizer with horizontal and vertical transmission axes in green channel 
respectively. P(G) – partial polarization in the green channel. Note that the natural pond reflected 0.7 
partial polarization, the white plastic sheet covering the pond edge reflected unpolarized light and 
the oviposition trap (tub) reflected between 0.4 to 1.0 partial polarization (at Brewster angle). Photo: 
Amit Lerner.
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Figure 3. Shift of oviposition to polarized traps after reduction 
of natural site attractiveness to C. transvaalensis. Open circles 
represent EB counted on white Styrofoam rafts placed in the pond 
(n=10). Filled circles represent EB counted in black plastic tubs 
filled with pond water placed on the pond shore (n=10). The dash 
vertical line represents the day in which the pond edge was covered 
with white plastic sheet reflecting unpolarized light. 

confirmation of the guiding cue in the field. In addition, the 
effects of brightness (or intensity) and polarization as the guiding 
cue can easily be confused in cases where these two parameters 
are not carefully separated and controlled in the experiment. 
Intensity by itself is known to be positively correlated to insect 
attraction (positive phototaxis), but the reason is difficult to 
explain. On the other hand, polarization is negatively dependent 
on reflectivity (Umow, 1905). Accordingly, polarization 
reflected from the water surface has been shown to be 
positively correlated with water turbidity caused by suspended 
organic carbon in the water, an important food source for larvae 
of aquatic insects (Lerner et al. 2008). Moreover, turbidity is 
negatively correlated with the water reflectivity. Therefore, in 
cases where color is excluded, polarization should be suspected 
to be the guiding cue for the ovipositing females.

dISCuSSION

In this review we aim to provide insights on chironomid 
oviposition behavior and to the possibility to control pest by 
using traps based on visual cues. This approach can provide an 
additional solution for controlling infesting insects. It is none-
invasive and fitness related and as such may be highly effective 
in controlling pests in natural habitats. 

In nature, there is no doubt that odor plays an important role 
in insects site preference and assessment. However, Chironomus 
transvaalensis provides an important example that ovipositing 
females may not follow odor but rely on visual cues. This 
chironomid was found to use polarization and not  the  intensity 
reflection as its visual guiding cue to oviposition sites in its 
natural environment. The use of a stable and reliable visual cue, 

such as the reflected polarization, provides an easy and quick 
guide to potentially good sites since polarization is correlated 
to available larval food. Since misidentification of appropriate 
oviposition sites is common (e.g. Horváth & Zeil, 1996; Kriska 
et al. 2006; Horváth et al., 2009), polarized reflecting egg-traps 
should be highly effective in controlling species with a similar 
life-style to that of C. transvaalensis.

Of the three characteristics of light, color (or hue), intensity 
(or brightness) and polarization, the role of intensity in visual 
attraction is the less explained. It is unclear what benefit intensity 
provides as a cue, and how it is connected to the fitness of the 
attracted adult or to its offspring. Color has been found to be a 
guiding cue (mainly as a good indicator and probably in addition 
to odor) for certain insect larvae as it indicates the ripeness of 
the fruit on which the larvae feed. Ovipositing on the fruit in 
the correct stage of maturity is crucial for survival of the larvae. 
However, making a trap that is based on the preferred spectrum 
may not lead to the desired result, and it may not be attractive 
enough to divert the oviposition of the females. Not more than 
50% efficiency can be expected, as the trap and the fruit will 
be equally attractive to the female. There might be a part in the 
spectrum that may be more attractive to the female on which a 
super-stimulating trap could be constructed, but such favored 
stimulus has yet to be found. Polarization, on the other hand, 
may be more effective as it does not appear in its full capacity 
in nature. Natural surfaces do not reflect more than 0.7 partial 
polarization (e.g. Horváth et al. 2002) while higher polarization 
reflections are created by man-made substances such as oil, 
car paint or window glasses (Kriska et al. 2008; Malik et al. 
2008; Horváth et al., 2009). These surfaces can reflect up to 1.0 
partial polarization (especially when viewing from Brewster 
angle or in case they are made of fully polarizing sheets) hence 
can be more appealing to the insects. Therefore, by building 
egg traps based on highly polarizing synthetic surfaces, one 
can expect an increase in the attractiveness to females by up to 
30% compared to natural surfaces, assuming that polarization 
is the only cue affecting the female choice. For species in which 
polarization is closely correlated to their fitness, polarized traps 
should be a highly effective tool for pest control.

Another important lesson that our studies on chironomid 
oviposition taught us, was that the oviposition behavior in the 
lab did not resemble the one in nature. In the lab, we provided 
a limited number of oviposition sites in a multiple-choice 
experiment, and as a response, the females concentrated their 
oviposition in space and time. This was not the case in the field 
as there were many suitable oviposition sites, and in practice 
these exceeded the number needed by the insect population. 
Thus in nature, not all sites (e.g. fruits) will be infected, and 
the egg density per site may be very low (less than one). This 
means that it is difficult to control the pest population and that 
the number of traps needed to do this might be very high. It also 
requires traps that are much more effective than traps used in 
the lab, for instance by strengthening of the visual cue.
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