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OceHHaa n BeceHHAsa murpauunsa gynens (Gallinago media)

Ake Lindstrom, Thomas Alerstam, Peter Bahlenberg, Robert Ekblom, James W. Fox,
Johan Raghall and Raymond H. G. Klaassen

Journal of Avian Biology 46: 001-014, 2015



MapLpyTbl murpaunmn kameHkn (Oenanthe Oenanthe)

Franz Bairlein’, D. Ryan Norris?, Rolf Nagel’,
Marc Bulte!, Christian C. Voigt3, James W. Fox4,
David J. T. Hussell® and Heiko Schmaljohann™*
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Manbi BepeTeHHUK
(Limosa lapponica)
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Proc. R. Soc. B (2009) 276, 447-457
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local geomagnetic field horizontal component
deflected by 120°

Wiltschko W, Wiltschko R. 1972. Magnetic compass of European robins. Science 176:62—64
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Magnetite defines a vertebrate
magnetoreceptor

Carol E. Diebel* 1, Roger Prokschs, Colin R. Green/, Peter Neilson: - - .
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& Michael M. Walker’
NATURE | VOL 406 | 20 JULY 2000 | www.nature.com
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Figure 3 MFM images that show the response of a putative single magnetic particle
(within trout tissue) in the presence of an applied field. The magnetic field applied in the
plane of the sample was +1.4, +150, —=150 and +130 mT for images a-d, respectively.

Rainbow trout onchorinchus mykiss
(MuUKMxKa)



Iron-oxide magnetic particles in pigeon beak

Gerta Fleissner, Branko Stahl, Peter Thalau, Gerald
Falkenberg, Gunther Fleissner, Naturwissenschaften
2007



Iron-oxide magnetic particles in pigeon beak

Gerta Fleissner, Branko Stahl, Peter Thalau, Gerald
Falkenberg, Gunther Fleissner, Naturwissenschaften
2007

doi:10.1038/nature11046

Clusters of iron-rich cells in the upper beak of pigeons

are macrophages not magnetosensitive neurons

Christoph Daniel Treiber', Marion Claudia Salzer', Johannes Riegler?, Nathaniel Edelman', Cristina Sugar', Martin Breuss',
Paul Pichler', Herve Cadiou®, Martin Saunders®, Mark Lythgoe?, Jeremy Shaw* & David Anthony Keays'




Radical pair reaction in cryptochrome
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A biomagnetic sensory mechanism based on magnetic field
modulated coherent electron spin motion. Z. Phys. Chem. (NF). 1978.

Ritz T., Adem S., Schulten K. 2000. A model for photoreceptor-based magnetoreception in birds //
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“Chemical compass”

K. Maeda, K. B. Henbest, F.
Cintolesi, I. Kuprov, C. T. Rodgers,
P. A. Liddell, D. Gust, C.R.Timmel,

P. J. Hore,
Nature 453, 387 (2008)
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Kiminori Maeda™, Alexander J. Robinson*, Kevin B. Henbest’, Hannah J. Hogben?’, Till Biskup’, Margaret Ahmad®*,
Erik Schleicher’, Stefan Weber’, Christiane R. Timmel*, and P. J. Hore™
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. “Probe and reference” model
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“Probe and reference” model

T
\15 s

Free spin
\ 4

MarHuTHoe norne Nnpou3BoauT (2 f )—1
3aMEeTHbIN 3 eKT, ecnu Ts > B

TS - BpemMms CNMHOBOW penakcaumu
nnaB=05G 7. > Ol,LlS



Hiscock, H.G., Worster, S., Kattnig, D.R., Steers, C., Jin, Y.,
Manolopoulos, D.E., Mouritsen, H., and Hore, P.J. 2016
The quantum needle of the avian magnetic compass.

Proc. Natl. Acad. Sci. USA 113, 4634—-4639.
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Experiments with oscillatory magnetic fields.

Ritz et al, 2004; Thalau et al, 2005:; Ritz et al, 2009
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Electron spin resonance
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Ritz, T., Wiltschko, R., Hore, P. ]., Rodgers, C. T., Stapput, K., Thalau, P.,, Timmel, C. R., and

Wiltschko, W.,
Magnetic compass of birds is based on a molecule with optimal directional sensitivity,

Biophys. J. (2009)

Kavokin KV. The puzzle of magnetic resonance effect
on the magnetic compass of migratory birds. Bioelectromagnetics. 2009. 30: 402-410
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Magnetic orientation of garden warblers (Sylvia borin) under
1.4 MHz radiofrequency magnetic field

Kirill Kavokin, Nikita Chernetsov, Alexander Pakhomov, Julia Bojarinova, Dmitry Kobylkov and Barot
Namozov

J. R. Soc. Interface 2014 11, 20140451, published 18 June 2014
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Very weak oscillating magnetic field disrupts the magnetic compass of songbird

migrants
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Engels S, Schneider N-L, Lefeldt N, Hein CM, Zapka M, et al. 2014. Anthropogenic electro-
magnetic noise disrupts magnetic compass orientation in a migratory bird. Nature 509:353-56
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CKOpOCTb nepexogoB Mmexgy CrintHoBbIM COCTOAHNAMU 3NNTEKTPOHOB
nog AeUCTBMEM LHyMOBOIo MarHMTHOro noJsJid npAaAMo npornopunoHalibHa
ero CﬂeKTpaﬂbHOVI MOLLUHOCTW .

W, = (7, ] (BZe )(2maf )
o pesynbratam 3KCNepUMEHTOB : WB ~ (0.5 S_1

Pac4eT ckopocTu nepexonoB Mexay CrMHOBbLIMU COCTOAHUAMMN
SNEKTPOHOB B KPUMTOXpOME

nog 4encTBueM BHYTPEHHUX (PNYKTYUPYIOLLKX nonen,
co3gaBaeMblX MarHUTHbIMU MOMEHTaMu saep:

Kattnig DR, Solov’yov |, Hore PJ.

Electron spin relaxation in cryptochrome-based magnetoreception.
Phys.Chem.Chem.Phys. 2016. 18: 12443-12456.
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Quantum probe and design for a chemical compass with magnetic nanostructures

Jianming Cai
Institut fir Quantenoptik und Quanteninformation der Osterveichischen Akademie der Wissenschaften, Innsbruck, Austria
(Dated: March 2, 2011)
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K.Kavokin, «Can a hybrid chemical-ferromagnetic model of the avian compass explain its
outstanding sensitivity to magnetic noise?»
- npuHaTa B PLOS ONE
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