
Magnetoreception. 

 

 

 

Magnetic field: B 

 

 

Based on behavioral studies, it seems that at least 50 animal species use the Earth’s magnetic 

field for orientation and migration: 

 

                                                                     All vertebrate groups 

                                                                     Mollusca 

                                                                     Crostacea 

                                                                     Insects 

                                                                     others.. 

 

Mainly studied: birds, Hymenoptera, Chelonia (turtles), salmon, sharks, cetaceans. 

 

 

It could be a primitive mechanisms, also found in some bacteria, often used as a backup for 

other types of compass navigation (e.g., in pigeons or bees). Usually the celestial cues cause 

stronger orientating effects. 

 

 

 

 

 

Potential information obtained: 

 

 

DIRECTION:                          N/S polarity of the field 

 

POSITION (more common):   Inclination angle 

                                                  Field intensity 

                                                  etc.  

                                                  (parameters vary as a function of position on terrestrial surface) 

 

 

 

Some birds, turtles, salamanders, lobsters can discriminate with learning small parameter 

differences, in order to form magnetic maps of their habitat.  

 

  



                                                     Magnetoreceptors. 

 

 

 

 

Difficult to localize: 

 

- magnetic fields freely cross biological tissues 

- could be small and dispersed in a large tissue volume 

- transduction could depend on a series of chemical reactions, not 

necessarily associated to a typical organ 

- human experience does not help 

 

 

 

 

Three mechanisms seem more likely. 

 

a) Endogenous magnetite. 

b) Chemical magnetoreception (chemical reactions modulated by terrestrial B). 

c) Electromagnetic induction. 

 

 

 

 

Functional implications: polarity and inclination. 

 

All three mechanisms can indicate the direction and field elements useful to determine the 

position, but chemical magnetoreception does not seem fit to also indicate N/S polarity (and 

neither are the superparamagnet type magnets). 

 

 

Magnetic polarity compass:   arthropods, salmons, some rodents. 

Inclination compass:              e.g., birds, turtles and other reptiles (does not show polarity) 

                                               [there may be problems around the magnetic equator for 

                                                                      migrating birds]. 

Both types:                             some salamander species. 

 

 

Without detailed studies, nonetheless, one cannot conclude that these two types of compass 

depend on different mechanisms. E.g., CNS processing could strongly modify the receptor 

output.  

 

 

Sensitivity: much higher with magnets; hence, a map based on field intensity seems difficult to 

obtain with magnetochemical or induction mechanisms. 



A) Endogenous magnetite (Fe3O4) or greigite (Fe3S4). 

 

 

 

 

Magnetotaxis in some marine bacteria.  
 

Bacteria contain small magnets used to move towards the bottom.  

They move forward and the magnete gives orientation towards the bottom (they are 

anaerobic).  

 

 

 

 

Magnetite particles. 

 

Found on the inner surface of the skull of birds, rodents, humans, often around the nasal 

cavity. 

 

Often single-domain (~50 nm in diameter) permanently magnetized crystals. Could exert 

torque or pressure on mechanoreceptors or directly open ion channels. 

 

Some animals have even smaller magnetite crystals (superparamagnetic), which have no 

permanent magnetic moment, but in presence of B can generate fields that affect nearby 

cristals. 

 

 

 

 

However, it is necessary to demonstrate: 

                                   

                                                                a) innervation (found in bees, but not vertebrates) 

 

                                                                b) behavioral response dependent on these structures 

 

                                                                c) axon firing dependent on B. 

 

 

                                   





Do well-organized magnetic organs exist? 

 

 

 

Good evidence in the trout in 1997 (similar observations in pigeons, 2001-2003; some 

evidence in ants and bees): 

 

 

                                  

              a) nerve fibers ramified around the cells containing single-domain magnetite crystals 

                                     (fibers studied with intracellular dyes) 

  

              b) these cells are located in a tissue layer under the olfactory receptors 

 

              c) behavioral response of the trouts to B 

 

              d) some fibers of the rosV nerve (olfactory branch of the trigeminus) respond to  

                                                                    magnetic stimuli). 

 

                                                              
 

 

 





  

B) Chemical magnetoreception. 

 

 

1. It would seem unlikely, since electron displacements between atomic orbitals require a great 

energy. Moreover, thermal noise is much larger than terrestrial B. 

 

 

 

2. However, there are reactions between couples of free radicals that can be affected by B. 

 

For instance: Maeda et al.(Nature 453:387-390, 2008) show that the lifetime of 

photochemically generated radical pairs is modified by B < 50 µT (the intensity of Earth’s B) 

and is sensitive to the field direction, which is essential for a compass working. 

 

 

 

3. But what could the physiological sensor be? 

 

Hypothesis of cryptochromes (photosensitive proteins implicated in circadian rhythms of 

plants and animals): retina, SCN, pineal gland (but do not appear to be the main photoperiodic 

receptors). 

 

 

 

4. The nervous activity during magnetic orientation co-localizes with cryptochrome expression 

in retinal ganglion cells in migratory bird active during the night (Sylvia), but not during the 

day or in non migratory species. 

 

 

 

5. CRY1 and CRY2, UV-blue-green photoreceptor flavoproteins first identified in plants and 

likely to form radical pairs upon photoexcitation, as the closely related photolyases (and 

contrary to rhodopsin, which undergoes cis-trans isomerization of retinal, instead of electron 

transfer). 

 

Also found in humans. 

 

 

 







C) Electromagnetic induction 

 

 

 

Lorentz force F = qv Ʌ B = qvB(senθ)     (if E = 0) 

 

 

θ  =  angle between the direction of the field B and of q motion. 

 

 

 

It may be possible in electric fishes. 

 

 

 

Lorenzini ampullae could work as conductive bars and sea water as stationary conductive 

milieu.  

 

Electroceptors would sense the ΔV produced by the induced current. 

 

 

 

However: moving water produces fields, moreover electroceptors do not perceive stationary 

fields. 

 

There are hints, but not conclusive evidences. 

 

 




