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Outline

◼ Marine migrations

◼ Evidence for “magnetic maps” as key to migration

◼ The magnetic map in salmon and geomagnetic 
imprinting

◼ How (and why) to definitively test the geomagnetic 
imprinting hypothesis of homing



Marine migrations 

Putman 2018
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The earth’s magnetic field



Magnetic map information

Intensity

Stefan Maus 2006

Inclination Angle

Lohmann et al. 2007



Salmon Spawning

Oceanic distribution

How to demonstrate marine migrants use 
magnetic maps to navigate?



Salmon Spawning

Oceanic distribution

How to demonstrate marine migrants use 
magnetic maps to navigate?



Magnetic Displacement Experiments



X = geographic north
Y = geographic east
D = declination
I = inclination angle
F = total field intensity
H = horizontal intensity
Z = vertical intensity

Electric current
Magnetic field

Magnetic Displacement Experiments



Electric current
Magnetic field

X = geographic north
Y = geographic east
D = declination
I = inclination angle
F = total field intensity
H = horizontal intensity
Z = vertical intensity

Magnetic Displacement Experiments



X = geographic north
Y = geographic east
D = declination
I = inclination angle
F = total field intensity
H = horizontal intensity
Z = vertical intensity

Electric current
Magnetic field

Magnetic Displacement Experiments



Diverse animals use Earth’s magnetic field to assess 
their position and make movement decisions

Chinook salmon

Atlantic salmon Loggerhead sea turtle

European eel

Steelhead trout

Putman et al. 2011 Current Biology

Putman et al. 2015 Journal of Experimental Biology

Putman et al. 2014 Biology LettersPutman et al. 2014 Current Biology

Scanlan, Putman, et al. 2018 PNAS

Minkoff, Putman, et al. in review.

Naisbett-Jones, Putman, et al. 2017 Current Biology

Putman, et al. 2017 Current Biology

Pink salmon

Putman et al. in preparation.



What we know about the magnetic map of salmon



What we know about the magnetic map of salmon
◼ Bicoordinate

◼ Based on measuring both total field intensity and inclination angle

Putman  et al. 2014

Current Biology



What we know about the magnetic map of salmon
◼ Adaptive

◼ Simulating juveniles’ behavior in an ocean circulation model indicates numerous benefits

Putman  2015

Integrative & Comparative Biology

• Decrease temperatures encountered
• Increase probability of entering long-term favorable habitat
• Increase group cohesion (schooling)
• Increase predictability of migration route



What we know about the magnetic map of salmon
◼ Independent of prior migratory experience

◼ Navigationally naïve parr respond to magnetic displacements

◼ Independent of a recent evolutionary history 
of migration
◼ It is conserved across anadromous and nonanadromous 

populations

◼ A general solution for navigation
◼ It functions despite transcontinental displacement

Scanlan, Putman , Pollock & Noakes 2018

Proceedings of the National Academy of Sciences

Putman  et al. 2014 Current Biology

Putman et al.  2014 Biology Letters

Scanlan, Putman et al. 2018 Proc. Natl. Acad. Sci.



What we know about the magnetic map of salmon

◼ Can be modified by the magnetic 
field in which salmon rear 
◼ Raising fish in a spatially inhomogeneous 

magnetic field disrupts magnetic orientation

◼ Differs between populations
◼ Populations raised and tested under the same 

conditions differ in orientation response

Top: Magnetic 
intensities measured 
in fiberglass rearing 

tank

Bottom: Magnetic 
intensities measured 
in fiberglass rearing 
tank above iron pipe

Putman et al. 2014 Biology Letters

Minkoff, Putman, et al. in review



◼ The information we have obtained about the magnetic 
map of salmon allows specific, process-based and 
testable predictions regarding

◼ individual movements

◼ population distributions (stock structure)

◼ migratory routes

◼ return strength

◼ homing/straying

◼ hatchery (and escaped farmed) / wild interactions

◼ responses to changing climate



Recovery site

Tagging site

Recovery magnetic intensity
Mean magnetic intensity encountered
Recovery magnetic inclination angle
Mean magnetic inclination angle encountered
Great Circle Route
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Difference in magnetic intensity (nT)

Sockeye, Spearman r = -0.58, p < 0.00001

Pink, Spearman r = -0.71, p = 0.0004



Variance partitioning of magnetic and oceanic 
influences on diversion rate
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Predictive ability of present models used by 
managers and the “geomagnetic model”
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Explicitly considering the interaction between the animal and environment, 
mediated by sensory processing and behavior, may be more sensitive than 

traditional modelling/mapping techniques to predict shifts in distribution and 
abundance in response to changing environmental conditions.

Annual Standard Deviation of Magnetic Map Parameters 
(IGRF, 1900-2014)

Putman et al. 2014

Journal of the Royal Society; Interface



A definitive, simple test of geomagnetic imprinting

◼ Rear groups of fish in magnetic fields that 
correspond to different locations along the 
coast, essentially “magnetically programming” 
the fish to a priori specified locations. 

◼ Differentially mark rearing groups. 
◼ fin / maxillary clipping

◼ genetic parentage analysis

◼ Wait.

◼ Count proportion of rearing groups that return 
to specified locations.



Conclusions
Many marine animals move across massive distances to place themselves and their offspring in 
environmental conditions that are most likely to be favorable during different periods of their 
life-cycles.

◼ The ability to extract “map information” from the geomagnetic field appears to play an 
important role in providing the positional information required for such a life-history strategy 
to be evolutionarily successful.  

Determining how animals make their movement decisions is of critical importance for effective 
management and conservation.

◼ A definitive test of geomagnetic imprinting in salmon would continue moving salmon 
research towards process-based models to mechanistically understand and predict 
spatiotemporal variability in salmon returns and their ocean ecology.
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