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            Abstract
Magnetic compass information has a key role in bird orientation1,2,3, but the physiological mechanisms enabling birds to sense the Earth’s magnetic field remain one of the unresolved mysteries in biology2,4. Two biophysical mechanisms have become established as the most promising magnetodetection candidates. The iron-mineral-based hypothesis suggests that magnetic information is detected by magnetoreceptors in the upper beak and transmitted through the ophthalmic branch of the trigeminal nerve to the brain5,6,7,8,9,10. The light-dependent hypothesis suggests that magnetic field direction is sensed by radical pair-forming photopigments in the eyes11,12,13,14,15 and that this visual signal is processed in cluster N, a specialized, night-time active, light-processing forebrain region16,17,18,19. Here we report that European robins with bilateral lesions of cluster N are unable to show oriented magnetic-compass-guided behaviour but are able to perform sun compass and star compass orientation behaviour. In contrast, bilateral section of the ophthalmic branch of the trigeminal nerve in European robins did not influence the birds’ ability to use their magnetic compass for orientation. These data show that cluster N is required for magnetic compass orientation in this species and indicate that it may be specifically involved in processing of magnetic compass information. Furthermore, the data strongly suggest that a vision-mediated mechanism underlies the magnetic compass in this migratory songbird, and that the putative iron-mineral-based receptors in the upper beak connected to the brain by the trigeminal nerve6,7,8 are neither necessary nor sufficient for magnetic compass orientation in European robins.
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                    Figure 1: 
                        Bilateral sectioning of the ophthalmic branch of the trigeminal nerve does not affect magnetic compass orientation in European robins.
                      [image: ]


Figure 2: 
                        Bilateral lesions of cluster N disrupt magnetic compass orientation in European robins.
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Figure 3: 
                        Birds with cluster N lesions can use their star and sun compasses, but not their magnetic compass.
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Bird navigation: flying by eye
How do birds find their way home? All agree that animals tap into Earth's magnetic field to create an internal 'compass' sense. But there agreement ends; some researchers promote the idea that magnetism is detected by magnetic bodies in the beak wired to the trigeminal nerve, others that magnetism is transduced through the eye via a complex light-sensitive mechanism. Support for the latter view, a role for the eye, comes from a neurosurgical and behavioural study of European robins. Birds with lesions in a brain centre called 'cluster N' are found deficient in magnetic orientation. And in this migratory species, at least, the putative magnetoreceptor in the beak plays no part in magnetic compass orientation.
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