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While the human eye can practically cope only with two aspects of
light, brightness and colour, for many animals polarization is a further
source of visual information. This fascinating phenomenon of polar-
ization sensitivity is comprehensively treated by Horvath and Varju.
Starting with a short introduction into imaging polarimetry – an 
efficient technique for measuring light polarization – various polar-
ization patterns occurring in nature are presented. Among them are
the polarizational characteristics of water surfaces, mirages and the
underwater light field as well as the celestial polarization patterns 
affected by the illumination conditions of sunrise, sunset, clear or
cloudy skies, moonshine and total solar eclipses.

The major part of the book is dedicated to the question: How can 
animals perceive and use the natural and artificial polarization 
patterns? Following a detailed compendium of the physiological
basis of polarization sensitivity, several case studies of animal 
behaviour determined or influenced by polarization are presented.
It is shown how arial, terrestrial and aquatic animals use the celestial
and under-water polarization for orientation, e.g. how polarized light
serves honeybees or ants as a compass. Further, it is explained how
man-made objects affecting the natural optical environment may 
disorientate animals. For instances, as in the case where oil or glass
surfaces, asphalt roads, or plastic sheets used in agriculture can be
more attractive for water-seeking polarotactic insects than the water
surface, and where mayflies lay their egg on dry asphalt roads or cars.
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Preface

The subject of this volume is two-fold. First, it gathers typical polarization
patterns occurring in nature. Second, it surveys the polarization-sensitive ani-
mals, the physiological mechanisms and biological functions of polarization
sensitivity as well as the polarization-guided behaviour in animals. The
monograph is prepared for biologists, physicists and meteorologists, espe-
cially for experts of atmospheric optics and animal vision, who wish to under-
stand and reveal the message hidden in polarization patterns of the optical
environment not directly accessible to the human visual system, but measur-
able by polarimetry and perceived by many animals. Our volume is an attempt
to build a bridge between these two physical and biological fields.

In Part I we introduce the reader to the elements of imaging polarimetry.
This technique can be efficiently used, e.g. in atmospheric optics, remote sens-
ing and biology.

In Part II we deal with typical polarization patterns of the natural optical
environment. Sunrise/sunset, clear skies, cloudy skies, moonshine and total
solar eclipses all mean quite different illumination conditions, which also
affect the spatial distribution and strength of celestial polarization. We pre-
sent the polarization patterns of the sky and its unpolarized (neutral) points
under sunlit, moonlit, clear, cloudy and eclipsed conditions as a function of
solar elevation. The polarization pattern of a rainbow is also shown. That part
of the spectrum is derived in which perception of skylight polarization is
optimal under partly cloudy skies. The reader becomes acquainted with the
polarization of the solar corona and can follow how the polarization pattern
of the sky changed during a total solar eclipse.We also treat the polarizational
characteristics of water surfaces, mirages and the underwater light field. We
explain why water insects are not attracted by mirages. Finally, the occurrence
of circularly polarized light in nature is reviewed.

Part III is devoted to the description of the visual and behavioural mecha-
nisms indicating how animals perceive and use natural polarization patterns.
Surveying the literature, a detailed compendium of the sensory basis of polar-
ization sensitivity in animals and humans is given. We also present several
case studies of known behavioural patterns determined or influenced by



polarization sensitivity. It is shown, for instance, how aerial, terrestrial and
aquatic animals use celestial and underwater polarization for orientation. The
role of the reflection-polarization pattern of water surfaces in water detection
by insects is discussed. We illustrate how reflection-polarization patterns of
anthropogeneous origin can deceive water-seeking polarotactic insects. The
natural environment is more or less affected by human civilization and is
overwhelmed by man-made objects, such as crude or waste oil surfaces,
asphalt roads, glass surfaces, or plastic sheets used in agriculture, for instance.
We explain why these surfaces are more attractive to water-seeking polarotac-
tic insects than the water surface itself.We explain why mayflies or dragonflies
lay their eggs en masse on dry asphalt roads or car-bodies. We show how dan-
gerous open-air oil reservoirs can be for polarotactic insects and why oil sur-
faces function as insect traps. Some other possible biological functions of
polarization sensitivity, such as contrast enhancement, intra- or interspecific
visual communication and camouflage breaking are also discussed. Due to
the interference of polarization and colour sensitivity, polarization-induced
false colours could be perceived by polarization- and colour-sensitive visual
systems.We calculate and visualize these false colours by means of a computer
model of butterfly retinae, and investigate their chromatic diversity. Finally, a
common methodological error is discussed, which is frequently committed in
experiments studying animal polarization sensitivity.

Our monograph is in close connection with the treatise about planets, stars
and nebulae studied with photopolarimetry edited by T. Gehrels (1974), the
volume on polarized light in nature by Günther P. Können (1985), and the
monograph of Kinsell L. Coulson (1988) on polarization and intensity of light
in the atmosphere. When these volumes were published, the technique of
imaging polarimetry was not yet available, thus the polarizational character-
istics of natural optical environments were presented in the form of graphs or
pairs of photographs taken through linear polarizers with two orthogonal
directions of their transmission axes.

Due to imaging polarimetry developed in the last decade, the polarization
patterns are visualized in our volume as high resolution colour/grey-coded
maps of the degree and angle of linear polarization. All colour figures are
placed at the end of the book. They are cited in the text as e.g. Æ colour 
Fig. 1.1.

Considering various kinds of point-source non-imaging polarimeters,
including radar polarimetry, the reader is referred to the monographs of Egan
(1985), Kong (1990),Azzam and Bashara (1992), Boerner et al. (1992) and Col-
lett (1994), for instance. All relevant details of the physics of light polarization
can be found in the text-books of Shurcliff (1962), Clarke and Grainger
(1971), Kliger et al. (1990), Born and Wolf (1999), for example. The early
knowledge about the sensory basis of animal polarization sensitivity and its
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biological functions was reviewed by Karl von Frisch (1967) and Talbot H.
Waterman (1981). Rüdiger Wehner (1976, 1982, 1983, 1984, 1989, 1994, 2001)
also wrote several important reviews and essays about this topic, especially on
honeybees and desert ants. In addition to relying on our own contributions to
the field, we have liberally quoted from the numerous publications of many
other investigators with appropriate references given in each case. While the
bibliography at the end of our book is not complete, it is fairly representative
of the field.

June 2003, Budapest Gábor Horváth
Tübingen Dezsö Varjú
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