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(1) Animal polarization vision and imaging polarimetry



Polarization-sensitive animals



Polarization-sensitive photoreceptors in insect eyes



The linearly
polarized world

around us through
a 180o field-of-view

fisheye lens



The Arago and Babinet
neutral points



Orientation of honeybees (Apis mellifera) by sky polarization



Reflection-polarization
patterns of water

surfaces



Polarotactic water detection of aquatic insects



Cetonischema jousselini

with the naked eyethrough a left circular
polarizer

through a right circular
polarizer

Circularly polarizing exocuticle of metallic shiny scarab beetles



Circular-linear imaging polarimetry



Circular polarization patterns of rose chafers (Cetonia aurata)



(2) First observation of the 4th neutral polarization point
in the atmosphere from a hot air balloon



The three neutral points of the sky observable from the ground



Hunting the last (4th) neutral point from a hot air balloon



The Brewster and
the 4th neutral points



Neutral points in the
graphs of the degree
of linear polarization

of skylight and 
earthlight



Neutral points in the
graphs of the angle
of polarization of 

skylight and 
earthlight
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All four neutral points in the atmosphere



(3) Spatio-temporal change of the celestial polarization pattern
during total solar eclipses

Polarized and unpolarized points of the eclipsed sky



Total solar eclipse in Turkey on 29 March 2006



Celestial polarization patterns during a total solar eclipse



Neutral points in the patterns of the degree of polarization
of an eclipsed sky



Unpolarized () and polarized () points of an eclipsed sky



(4) Imaging polarimetric study of the atmospheric optical
prerequisites allowing polarimetric navigation

by Viking seafarers



The sun-dial of Vikings



The enigmatic Viking sunstone as an analyzer
of skylight polarization

cordierite tourmaline calcite



Hypothesis of the sky-polarimetric Viking navigation
under foggy and cloudy conditions

Rayleigh pattern of 
sky polarization
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Research 

Secretariat

Beringia 2005
Leg 3



Full-sky imaging polarimetry on the Arctis



Polarization patterns of foggy, 
clear and cloudy skies

Regions (black) of
foggy, clear, and cloudy skies suitable 

for polarimetric Viking navigation



Psychophysical laboratory experiments studying the accuracy of
the different steps of polarimetric Viking navigation



Dichroic crystals functioning as Viking sunstones

calcite linearly polarizing plastic

cordieritetourmaline



(5) Polarization cloud detection



Polarimetric
cloud detection



Polarimetric
cloud detection



Polarimetric
cloud detection



Testing a polarization cloud detector
on the board of research vessel

Polarstern in an expedition on the
Atlantic ocean

(Bremerhaven – Capetown,
October-November 2010)



Testing a polarization cloud detector
on the board of research vessel

Polarstern in an expedition on the
Atlantic ocean

(Bremerhaven – Capetown,
October-November 2010)



(6) Polarotactic water detection by aquatic insects



Reflection-
polarization

patterns of water
surfaces



Diel flight activity patterns of water-seeking aquatic insects



180o field-of-view
reflection-polarization

patterns of water surfaces



Percentage of the water
surface detected as water by 
polarotactic aquatic insects 
versus the solar elevation



(7) Polarized light pollution of highly polarizing,
shiny dark artificial surfaces



Sources of polarized light pollution



Mass swarming of caddis flies (Hydropsyche pellucidula)
at vertical glass panes



Victims of polarized light pollution



Beneficiaries of polarized light pollution

Beneficiaries/victims of polarized light pollution



Polarized light pollution

Photo: Rebecca Allen

Harmful influences of strongly and horizontally polarized light reflected
from smooth and dark artificial surfaces on polarotactic aquatic insects



(8) Polarotactic tabanid flies find striped patterns with brightness
and/or polarization modulation least attractive:

An advantage of zebra stripes

Tabanid-repelling zebra stripes as a natural tool to reduce
polarized light pollution



The life cycle of tabanid flies
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Functions of positive polarotaxis of tabanid flies



Blood-sucking female tabanids



Distribution of the stripe
width on the body surface

of zebras



Polarization patterns of zebras



Field experiments with striped test surfaces and polarotactic tabanids



Polarization-striped test surfaces used in experiment 6



Numbers of tabanid flies captured in the field experiments



The ancient zebra was dark, its stripes have been developed only later



(9) Polarization tabanid traps

How polarotactic male and female tabanid flies can be perished by
traps reflecting strongly linearly polarized light mimicking water

surfaces or host animals



Discovery of polarotaxis in tabanid flies at black gravestones



Sources of polarized light pollution



Sticky polarization tabanid trap



Liquid polarization tabanid trap



Reflection-polarization patterns of TabaNOid traps



Solar panel as polarization tabanid trap



Reflection-polarization patterns of solar panels
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