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however, been observed. For example, some field and laboratory 
studies have found that increases in song nucleus volume can 
occur well before maximal recrudescence of the testes and the 
correlated highest concentrations of T. Studies with castrated 
birds have also identified photoperiodic stimulation of song 
nucleus volume in the absence of maximal T concentrations. The 
social context experienced by male songbirds, such as the 
presence of another male or a female, can enhance or inhibit brain 
plasticity, in some cases apparently independently of T. These 
findings raise important questions about the natural regulation of 
neuroplasticity in the song system. Factors other than testosterone 
can stimulate genes and proteins down-stream of the 
transcriptional action of steroids, and induce the same cellular 
result as T itself. One way in which T enhances the volume of the 
song nucleus HVC is via the upregulation of a neurotrophin: 
brain-derived neurotrophic factor (BDNF). Thus any stimulus of 
BDNF could potentially enhance song nucleus volume. Social 
context also modulates song-induced gene expression in song 
nuclei via the action of catecholamine pathways. Both BDNF and 
catecholamine action can be modulated by environmental factors 
independently of T. These findings stress the importance of 
studying brain plasticity in its natural context. 
 
 
S47: How do birds sense the earth's magnetic 
field? Magnetoreception mechanisms in birds     
Conveners: Henrik Mouritsen, Germany; Thorsten Ritz, 
USA 
 
Ritz T 
Navigation with a map and a magnetic compass – what 
sailors can learn from birds  
University of California at Irvine, Dept of Physics and 
Astronomy 4129 Frederick Reines Hall, Irvine, CA 92697, USA, 
tritz@uci.edu 
More than a thousand years of maritime history have 
demonstrated the usefulness as well as the pitfalls of using 
magnets and compasses for navigation. Birds face some of the 
same challenges on their migratory routes. For example, a 
compass needle is easy to read when stationary, but difficult to 
read when it is moving as on a ship or during a bird’s flight. On 
evolutionary timescales, additional challenges like the reversal of 
the geomagnetic field arise. Recent studies suggest that birds 
have developed several magnetic sensory systems that may be 
well suited to overcome these challenges by exploiting physics 
and engineering principles. I will briefly review the better 
documented magnetic sensory capabilities of birds and then 
present the recently gained knowledge into the mechanisms 
underlying avian magnetic sensing. Particular emphasis will be 
placed on the magnetic compass of birds that appears to be based 
on an indirect effect on the visual system of birds. Finally, I will 
provide suggestions for the road towards the identification of the 
elusive magnetoreceptors in birds. 
 

Mouritsen H 
The magnetic sense(s) of birds: recent molecular and 
physiological evidence  
University of Oldenburg, Institute of Biology, D-26129 
Oldenburg, Germany, henrik.mouritsen@uni-oldenburg.de 
Since the last IOC, a lot of new molecular and physiological 
evidence related to how birds are able to sense the Earth’s 
magnetic field have been published. In my keynote address, I will 
review this evidence. New evidence supports the idea that many 
birds seem to have two magnetodetection senses, one based on 
magnetite near the beak and one based on light-dependent 
radical-pair processes in the bird’s eye(s). Among the most 
exciting recent molecular and physiological findings are: (1) 
Occurrence of putative magnetosensory molecules, the 
cryptochromes, in the eyes of migratory birds. (2) The finding 
that these molecules are located in cells showing high levels of 
neuronal activity during magnetic orientation. (3) Detection of a 
brain area integrating specialized visual input at night in night-
migratory songbirds. (4) A putative magnetosensory cluster of 
magnetite in the upper beak. I will also briefly discuss the 
implications of recent behavioral results on the various suggested 
underlying molecular and physiological mechanisms. 
 
Liedvogel M 
Cryptochromes and magnetoreception in migratory 
songbirds  
Carl-von-Ossietzky University, AG Animal Navigation Institut für 
Biologie und Umweltwissenschaften, Carl-von-Ossietzky Straße 
9-11, 26111 Oldenburg, Germany, miriam.liedvogel@uni-
oldenburg.de 
Although migratory birds use a magnetic compass for orientation 
during their migratory journeys over thousands of kilometres, it is 
as yet unclear how they sense direction from the earth's magnetic 
field. Over the last two decades, two mechanisms of 
magnetoreception have been suggested as potential explanations, 
one based on magnetite particles and the other on photoreceptors 
forming radical-pair intermediates by photo excitation. 
Behavioral evidence and theory suggest that birds perceive the 
direction of the magnetic field by specialized retinal photo 
pigments, which require light from the blue-green part of the 
spectrum. Radical-pair processes in differently oriented, light 
sensitive molecules in the retina could potentially enable 
migratory birds to perceive the magnetic field as a visual pattern. 
The cryptochromes (CRY), with an absorption spectrum of 300-
500 nm, have been suggested as the most likely candidate class of 
molecules. But are there cryptochromes in the retina of migratory 
birds? Here I show that at least one member of the cryptochrome 
family is present in the retina of migratory Garden Warblers 
(Sylvia borin). I also found that gwCRY1 is concentrated in 
specific cell types, particularly in those ganglion cells that are 
large and displaced, and which significantly also showed high 
levels of neuronal activity at night when my Garden Warblers 
performed magnetic orientation. In addition, there seem to be 
striking differences in CRY1 expression between migratory and 
non-migratory songbirds at night. To further characterize the 
candidate class of primary receptor molecules, I used the retinal 
cDNA of garden warblers as a template for amplifying 
cryptochromes expressed in the eyes of night-migrating 
songbirds, and then sequencing and identifying the independent 
PCR products in this multigene family. 
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Kavokin K1, Bojarinova J2 
How does the bird’s magnetic compass work?  
(1) A.F.Ioffe Physico-Technical Institute, Polytechnicheskaya 26, 
194021 St. Petersburg, Russia, kidd.orient@mail.ioffe.ru (2) 
Biological Institute of St.Petersburg University, St. Petersburg 
University, Russia, julia@jb2558.spb.edu 
Much experimental evidence has been accumulated in support of 
the hypothesis that the ability of birds to use the geomagnetic 
field for orientation depends on illumination, and that the 
magnetic sensor is situated in the eye. Yet the underlying physics 
remains unclear. Due to the weakness of the earth’s magnetic 
field, the effects involving equilibrium (thermal) magnetization 
should be ruled out. We therefore have to consider the class of 
phenomena caused by the influence of the magnetic field on non-
equilibrium electronic states created by light absorption. One 
possibility is magnetic field-dependent chemical reaction 
involving, as an intermediate state, a radical pair in a certain 
electron spin configuration (Ritz et al., Biophys.J. 78 (2000) 707). 
But, as no such reaction is known to phototransduce, this 
explanation does not seem convincing. Another explanation 
makes use of the fact that the electric field of light waves is a 
vector. This property allows selective excitation of electronic 
states with a particular direction of dipole moment that, 
ultimately, creates non-equilibrium magnetization or polarization 
of the medium. Such non-equilibrium polarization is easily 
affected by magnetic fields, and for this reason it is used to create 
extremely sensitive magnetometers. This wide group of 
phenomena is known generally as optical pumping (Kastler, 
Science 158 (1967) 214). Unfortunately, the term “optical 
pumping” in the ornithological literature has become associated 
with an obscure paper by Leask in 1977 who erroneously stated 
that radio-frequency radiation should be involved in the process. 
Here, we show that the rich structure of the avian retina, with 
many types of photopigments, oil drops containing organic dyes, 
and sensitivity to polarization, provides various ways by which 
optical pumping can induce magnetic sensitivity in the eye of a 
bird. 
 
Fleissner G1, Stahl B1, Fleissner G1, Falkenberg G2 
Magnetite nanoparticles alone are not able to explain 
ironmineral-based magnetoreception in birds  
(1) Biowissenschaften, JWGoethe-Univ. Frankfurt a. M., 
Siesmayerstr.70, 60054 Frankfurt a. M., Germany, 
fleissner@zoology.uni-frankfurt.de (2) HASYLAB at DESY, Notke 
Str.86, 22607 Hamburg, Germany, falkenbe@mail.desy.de 
Ultrastructural and biophysical investigations of a putative 
magnetoreceptor in the upper beak of homing pigeons have 
revealed two types of iron-minerals that both seem to be involved 
in the primary transduction processes. So far, magnetite 
nanomagnets assembled in tiny clusters that are attached to the 
cell membrane have been assumed to respond mechanically to 
changes of the magnetic field vector. This would activate strain- 
or stress-sensitive membrane channels. Model experiments with 
ferrofluids and calculation of the magneto-mechanical properties, 
however, have clearly shown a gap between the field-sensitivity 
for this concept and the observed sensitivity in behavioral and 
electrophysiological experiments. Another unsolved question is 
the magnetic stability of the magnetite particles found due to their 
small size of 2-4 nm. They should be superparamagnetic at room 
temperature and thus insensitive to the Earth's magnetic field. 

Therefore we have looked for a more sophisticated magnetic 
concept in accordance with the peculiarities of the Fe-containing 
structures in the beak. Most intriguing is the size, shape and 
arrangement of Fe-based platelets. Magnetic considerations 
support the possible role as flux concentrators when chains of 
these platelets are in parallel to Earth's magnetic field, possibly 
increasing the local field strength by up to 4 log units. In this 
strong field and fieldgradient nanomagnets like those found in the 
magnetite clusters could be pulled into the region of high flux and 
thus could exert a pull vertical to the cell membrane at multiple 
sites. As the dendrites are arranged in distinct spatial directions in 
well-defined areas in the beak skin, the enhancement concept 
allows for a biological Gaussmeter of high sensitivity, selectivity 
and maximized signal-to-noise-ratio. Our contribution will 
outline the consistency between the complex biological structures 
found and fundamental magnetic concepts for Fe-based nano- and 
microstructures. 
 
 
S48: Special symposium honouring Ebo 
Gwinner 
Conveners: Michaela Hau, USA; John Wingfield, USA; 
Hubert Schwabl USA 
 
Daan S 
Circadian timing in birds: Gwinner's legacy  
University of Groningen, Department of Life Sciences, Kerklaan 
30, 9751 NN Haren, The Netherlands, s.daan@rug.nl 
Eberhard Gwinner’s contributions to chronobiology will be best 
remembered by his demonstration of endogenous circannual 
rhythms and by his life long effort to unravel their functions and 
mechanisms. This undertaking also led him to highly original 
functional approaches to avian circadian systems involved in the 
measurement of daylength. In this presentation I focus upon three 
of the seminal topics in circadian timing advanced by Gwinner: 
(1) Circadian entrainment by zeitgebers other than light; (2) 
Melatonin and the resonance model of circadian function; (3) The 
role of a memory for daylength in photoperiodic time 
measurement. These topics remain at the forefront of current 
research in circadian rhythms at large, and recent progress 
highlights the significant role of avian studies in this field. 
 
Kumar V, Rani S 
Possible interaction of circannual rhythms and 
photoperiodism in regulation of seasonal breeding in 
birds 
University of Lucknow, Department of Zoology, Lucknow 
226007, India, drvkumar11@yahoo.com, 
 sangeetarani7@yahoo.com 
Seasonality in birds, represented by the initiation-termination-
reinitiation of a physiological process, appears to be regulated by 
two mechanisms: circannual rhythm and photoperiodism. A self-
sustained endogenous clock (circannual clock), generating 
rhythmicity of ca. 1-year, permits anticipation of the appropriate 
time of the year for physiological processes by timing the onset 
of seasonal transitions in reproduction. The actual physiological 
processes in many species, such as gonadal growth, are triggered 
by changes in day length, photoperiodism, which is mediated by 


