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1. Introduction
Tabanid flies can cause severe problems for humans and livestock because of the pathogens of
dangerous diseases vectored by the haematophagous tabanid females in the warmer regions of
almost all continents. Thus, effective tabanid traps are in large demand, especially in horse and
cattle farms. On the other hand, tabanids are pollinators of different plants, and there are
numerous predator species which feed on them.
We have shown that both female and male tabanids have positive polarotaxis, that is are
attracted to horizontally polarized light, just like many other aquatic insect species. Based on this
attraction, I proposed a new concept of tabanid traps consisting of horizontally polarizing
photovoltaics. Section 3 of my thesis deals with this novel trap type.
Recently, it was shown that polarotactic tabanids find striped patterns much less attractive
than homogeneous ones. This phenomenon gave me the inspiration to study the attractiveness to
tabanids of spotty coat patterns, which are widespread among mammals. This subject is treated
in section 1 of my thesis.
Similarly to other ungulates, zebras emit carbon dioxide via their breath, and ammonia
associated with their urine. These chemicals are strongly attractive to tabanid flies, and therefore
are frequently used in tabanid traps. Thus, the question arises, whether the weak optical
tabanid-attractiveness of striped coat patterns can be overcome by the olfactory attractiveness. In
section 2 of my thesis, I answered this question.
The concept of polarized light pollution has been introduced a few years ago, and it has
been shown that shiny dark surfaces (e.g., smooth black car bodies) can function as ecological
traps, since they deceive and attract polarotactic water-seeking insects with their horizontally and
strongly polarized reflected light. A general way to decrease this polarotactic attractiveness of
shiny black artificial surfaces is to decrease the degree of polarization of reflected light.
Nowadays, matt paintings of black/grey car-bodies is a fashion fad. I tested, how this mattness
influences the polarotactic attractiveness to different aquatic insects. Section 4 of my thesis is
devoted to the polarized light pollution of matt black/grey cars.
The strongest known circular polarization of biotic origin is the left-circularly polarized
light reflected from the metallic shiny exocuticle of certain scarab beetles of the family

Scarabaeidae. This phenomenon has been discovered by Michelson in 1911. Since this discovery
it has been supposed that scarab beetles, reflecting left-circularly polarized light in an optical
environment being deficient in circular polarization, may also be able to perceive and use it to
find each other (mate/conspecifics). In section 5 of my thesis, I tested this 100-year-old
hypothesis in choice experiments with four different scarab species.

2. Materials and Methods
In my Ph.D. thesis, I present the results of several field and laboratory experiments, in which I
studied the linear and circular polarization sensitivity in certain species of tabanid flies, mayflies,
dolichopodid flies and scarab beetles. Using imaging polarimetry in the red (650 ± 40 nm =
wavelength of maximal sensitivity ± half bandwidth of the CCD detectors of the polarimeter),
green (550 ± 40 nm) and blue (450 ± 40 nm) parts of the spectrum, I measured the
reflection-polarization characteristics of the test surfaces, visual targets and tabanid traps used in
these experiments. The measured polarization patterns were practically independent of the
spectral range, since the used test objects/surfaces were mainly colourless (black, grey, white,
dark brown).
During the field experiments, the body of tabanids trapped by the sticky test surfaces and
traps suffered serious damages during their removal, or due to the mechanical hit of the rotating
wire of the trap based on a photovoltaic solar panel. These made the taxonomic identification of
tabanids impossible. They were, however, visually identified as tabanid flies (Diptera:
Tabanidae). In some field experiments the taxonomical identification of tabanids was possible.
Then this task was performed by two tabanid experts (Mónika Gyurkovszky and Prof. Róbert
Farkas, Department of Parasitology and Zoology, Faculty of Veterinary Science, Szent István
University, Budapest).
Due to the used experimental method, the mayflies and dolichopodid flies could not be
taxonomically identified, but they surely belonged to the order Ephemoreptera, family Baetidae,
Heptageniidae and order Diptera, family Dolichopodidae, respectively, as was visually
determined by one of my co-authors (Dr. György Kriska, Biological Institute, Eötvös University,
Budapest), who is an expert of these insects.

To establish the significance of observed differences in the experiments, I performed
statistical analyses, such as binomial chi-squared, Kruskal-Wallis and Mann-Whitney U tests.

3. Results
3.1. Spottier Targets are Less Attractive to Tabanid Flies: On the Tabanid-Repellency of
Spotty Fur Patterns
(3.1.1.) I demonstrated an experimentally supported hypothesis on an earlier unrecognized visual
benefit of spotty coat patterns of animals.
(3.1.2.) I showed that the spottiness of the body surface of host animals strongly determines its
attractiveness to tabanid flies: the smaller and the more numerous the spots, the less attractive the
host is to tabanids.
(3.1.3.) I demonstrated that the attractiveness of spotty patterns to polarotactic tabanids is also
reduced, if the target exhibits spottiness only in the pattern of the angle of polarization, while
being homogeneous grey with a constant high degree of polarization.
3.2. Stripes Disrupt Odour Attractiveness to Biting Horseflies: Battle Between Ammonia,
CO2, and Colour Pattern for Dominance in the Sensory Systems of
Host-Seeking Tabanids
(3.2.1.) I examined in the field, how ammonia and CO2 scents influence the attractiveness to
tabanid flies of objects simulating tabanids’ host animals with homogeneous black and white as
well as zebra-striped surface patterns.
(3.2.2.) I showed that striped targets are significantly less attractive to host-seeking female
tabanids than homogeneous white or black ones, even when the targets emit CO2 and ammonia.

(3.2.3.) I demonstrated that although CO 2 and ammonia increase the number of attracted
tabanids, these tabanid-attractive chemicals do not overcome the weak visual attractiveness of
stripes to tabanids.
3.3. How Can Horseflies be Captured by Solar Panels? A New Concept of Tabanid Traps
Using Light Polarization and Electricity Produced by Photovoltaics
(3.3.1.) I designed a new tabanid trap consisting of a horizontal photovoltaic solar panel which
(i) attracts polarotactic tabanid flies with the horizontally polarized light reflected from its shiny
black surface, and (ii) supplies electricity for a quickly rotating electric motor with vertical axis
of rotation mounted with a horizontally rotating wire that hits and perish the attracted tabanids.
(3.3.2.) In field experiments I measured the tabanid-capturing efficiency of this trap being about
92 % in full sunshine, if the solar elevation angle is not lower than about 29o from the horizon.
(3.3.3.) I found that using a supplementary photovoltaic solar panel (tilted at 45 o from the
horizontal and oriented towards south-west), the time period during which this tabanid trap
works efficiently can be enhanced with two hours, and the efficiency can be increased to 94 %.
3.4. Unexpected Attraction of Polarotactic Water-Leaving Insects to Matt Black Car
Surfaces: Mattness of Paintwork Cannot Eliminate the Polarized Light
Pollution of Black Cars
(3.4.1.) I showed that the attractiveness of black car-bodies to polarotactic aquatic insects
depends in a complex manner on the surface roughness (shiny, matt) and insect species
(mayflies, dolichopodid flies, tabanid flies).
(3.4.2.) I found that matt black/grey car-paints can reflect light with such polarization
characteristics which can attract polarotactic insects, such as certain mayfly species, for example.

Thus, the polarized light pollution of shiny black cars usually cannot be reduced with the use of
matt black painting.
3.5. No Evidence for Behavioral Responses to Circularly Polarized Light in Four Scarab
Beetle Species with Circularly Polarizing Exocuticle
(3.5.1.) In eight choice experiments in the field and the laboratory, I tested in four scarab beetle
species [Anomala dubia, Anomala vitis (Coleoptera, Scarabaeidae, Rutelinae) and Cetonia
aurata, Potosia cuprea (Coleoptera,Scarabaeidae, Cetoniinae)] whether they can or cannot
perceive circular polarization as it has been believed since 1911, when Michelson has discovered
that the exocuticle of certain scarab beetles reflects circularly polarized light.
(3.5.2.) I concluded from the choice experiments that these scarab species are not attracted to
circularly polarized light when feeding or looking for mate or conspecifics. By this I refuted
experimentally a 100-year-old belief.
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