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Maghemite and magnetite are proposed as essential components of iron mineral containing sensory 
dendrites. These dendrites in the inner lining of the upper beak of various bird species [1] are the 
first candidate structures for an avian magnetic field receptor. Our new concept of 
magnetoreception based on synchrotron radiation microscopic X-ray-fluorescence analysis (micro-
XRF) and X-ray absorption near edge structures (micro-XANES) in combination with detailed 
ultrastructural analyses has been published [2, 3] and evoked major interest in the scientific 
community.  
This year we have started to specify our analyses at various levels in order to further approach a 
general concept for animal magnetoreception. Two major problems have restricted our analyses, so 
far:  
(1) The beamsize at HASYLAB beamline L - generated by the high throughput polycapillary - has a 
diameter of about 15 µm, and therefore we could only integrate over an area matching the size of an 
entire sensory dendrite (25 µm long). The subcellular iron-containing components, which according 
to ultrastructural and first microdiffraction measurements are composed of different iron minerals, 
are even smaller [nanocrystalline magnetite (5-7 nm) in clusters with a diameter of 1 µm; chains of 
monocrystalline maghemite platelets (size 1 x 1 x 0.1 µm); a vesicle of so far unknown chemical 
nature (diameter 5 µm)].  
(2) Our findings on maghemite (besides magnetite) as the essential mineral inside these dendrites in 
different bird species is obviously contradicting the prior expectations - published by other authors - 
on magnetite as the only key molecule for magnetoreceptors, in general. So several alternative 
options were then proposed, especially a selection of iron oxides and iron phosphates.  
 
Ad 1) In order to resolve the iron mineral distribution in the subcellular compartments, we have 
started to examine dendrites in various section planes assuming a changing relative amount of 
maghemite and magnetite according to the respective selection of clusters, platelets and the vesicle. 
The µ-XRF mappings of matching areas in the unstained section was then basis for three µ-XANES 
taken at distinct sites in these dendrites . 
Obviously we are still confronted with the problem that we cannot get selective topographic 
XANES analyses of the subcellular compartments, and so decided to develop histological 
procedures to isolate components respectively compartments of the dendrites, e.g., by laser 
dissection methods and afterwards enrich them for further X-ray studies. 
 
Ad 2) From previous XANES-measurements [3, 4], we could demonstrate that magnetite cannot be 
the one and only iron mineral in these sensory dendrites, though it was shown inside the tiny 
clusters [2], which can be seen already in the light microscope as they stain dark-blue with Prussian 
Blue. The platelets have a shape and electron microscopic appearance of monocrystals, first views 
of isolated platelets hint to their magnetic feature. As the XANES spectra of the dendrites resemble 
a spectrum of a Fe 3+ compound like maghemite, we calculated that maghemite makes about 85 % 
versus 15 % of magnetite. Deviation between the calculated spectrum-composite and the measured 
one may partly be due to the fact that we have no idea concerning the nature of the vesicle covered 
with an iron crust (0.1 µm thick).  
We started a new series of measurements of four different bird species with better statistics in order 
to distinguish small differences between samples and in comparison to various Fe3+ oxide 
reference spectra (Fig. 1). We accomplished the series by data of the beak of European robin, which 
could not be analyzed before. All birds studied (pigeon, garden warbler, European robin and 
domestic chicken) have similar XANES spectra, fitting their identical light microscopic appearance 
[5].  
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In conclusion: X-ray analyses of isolated subcellular components will provide a new insight into the 
nature of iron minerals inside the sensory dendrites. Then, we might also be able to start the 
analysis of the completely unsolved problem of avian biomineralization by means of studies of 
beaks of freshly hatched chicken, which show the development of the dendrites, and by the analyses 
of the modified dendritic system of birds with a defect in their iron metabolism.  

Figure 1: µ-XANES analyses of the sensory dendrites in the beak of a European robin, a garden warbler and 
a homing pigeon in comparison with magnetite and maghemite. 
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