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INTRODUCTION 

 Chum salmon (Oncorhynchus keta) of Japanese stock remain in the North Pacific Ocean and 

the Bering Sea for 1–7 yr before spawning in their natal rivers. Bracis and Anderson (2012), 

Putman et al. (2013), and Putman et al. (2014) estimated that salmon used the Earth’s 

magnetic forces to find their way back to their birthplace after migrating across thousands of 

miles of open sea. However, it is not yet confirmed what salmon experienced the Earth‘s 

magnetic forces during the homing. migration We examined the magnetic force which were 

recorded by archival tags during the homing migration of chum salmon. 

MATERIALS AND METHODS 

   DST magnetic tags (Star-Oddi) were attached the body of chum salmon on board the 

research ship in 2012 and 2013. The tagged chum salmon were released in the central 

Bering Sea and recovered along the coast of Hokkaido, Japan (Fig. 1, Table 1). The tags 

measured and recorded magnetic field strength(intensity and inclination), the tilt of the fish, 

temperature and pressure (depth) every 60 (Fish 608) or 10 (Fish 669) minutes. 

   The tag is 15 mm in diameter, 46 mm in length with a 20 cm length and 19g (12g) in air 

(water). Housing material of the tag is alumina (ceramic). A resolution of temperature is 0.1℃, 

that of depth is 0.08 m and that of is 0.2. Compass resolution is 1°and magnetic field 

strength resolution is 30 nT.  

   The homing route was identified using the data by the tag, SST by JMA (Japan 

Meteorological Agency) and the magnetic field data by Enhanced Magnetic Model 

(https://www.ngdc.noaa.gov/geomag/EMM/).  

RESULTS 

・Shortest distance and periods between release and recovery sites for Fish 608 and Fish 669 

were 2875 km and 2439 km and 74 days and 76 days(Table 1). 

・Pronounced oscillatory diving was found  and chum salmon dived under the thermocline 

during daytime(Fig. 2) . 

・Magnetic inclination of Fish 608 was almost constant and that of Fish 669 fluctuated. 

Magnetic intensity of Fish 608 fluctuated and that of Fish 669 was almost constant (Fig. 3, 4). 

・Coefficient of variation(C.V.) of magnetic intensity (C.V.=2%) of Fish 608 was larger than 

that of inclination(C.V.=1%). C.V. of magnetic intensity (C.V.=1%) of Fish 669 was smaller than 

inclination (C.V.=42%). 

・Mean heading compass of Fish 608 was 243°and that of Fish 669 was 47.1°(Fig. 5, 

Table 2).  

・Areas of positive SST anomalies in 2012 differed from those in 2013 in the western North 

Pacific(Fig. 6).  

・Fish 608 linearly moved from the released site to the coast of Japan. Fish 669 reached the 

east coast of Kamchatka from the central Bering Sea and moved southward. After that, it 

moved into the Okhotsk Sea(Fig. 7). Both of Fish 608 and Fish 669 crossed the areas of the 

positive SST anomalies  

Table 1. Release and recapture information for two chum salmon tagged with archival tags in the Bering Sea and 
recovered in Hokkaido, Japan. Days at sea: days between release and recovery days. Distances: shortest distance 
between release and recovery sites. Age was determined from scales (Ito and Ishida 1998). FL = fork length. 

Release Recapture 

Fish 

No. Date Location FL Age Date Location FL Day at Distance sex Swimming 

      
（mm
） 

      (mm) liberty (Km)   Speed(m/s) 

608 July 30 2012 Bering Sea   650 - Oct 11 2012 Oumu coast 605 74 2875 male 0.462 

56°28'N 44°40'N 

179°54'E 142°52'E 

669 July 26 2013 Bering Sea   613 4 Oct 9 2013 Shari coast 635 76 2439 female 0.376 

54°01'N 43°59'N 

    175°05'E       144°52'E           

CONCLUSION 

・Homing migration route of Fish 608 and Fish 669 seems to follow the isoline of the 

magnetic inclination or the magnetic intensity. 

・It is possible that the homing route of chum salmon is changed by the sea conditions such as 

SST. 

.  

Table 2. Summary of statistic for temp., depth, 
heading compass, inclination and intensity.  

  

Temp. Depth Heading Inclination Intensity 

(℃） （ｍ） compass （Degree) (nT) 

Fish 608     （Degree）     

Min 1.27 0.83 3 36 46765 

Mean 9.65 28.8 243 63.19 51106 

Max 19.77 174 360 84 55496 

SD 3.61 21.1 60.31 5.95 1091 

Fish 669           

Min 0.07 0.77 0 -83 48560 

Mean 10.24 17.1 47.1 60.13 51509 

Max 16.55 277 360 89 56617 

SD 3.05 34.1 113.06 25.47 756.7 

Fig. 1 Release and recapture sites and great circle route 
for Fish 608(red) and Fish 669(green). 

Fig. 6 Horizontal distribution of SST anomalies. Blue shows temperatures that were 
cooler than average, white shows near-average temperatures, and red shows where 
temperatures were warmer than average.   

Fig. 2 Time-space diagram. Colors represent the water temperature and blue colors indicate 
less than10℃, yellow and red colors indicate more than10℃.The thin contour line interval is1℃ 
and the thick contour interval is 5℃. The black lines represent the swimming depth. X-axis 
represents date from the release. Y-axis represents the depth.  

Fig. 5 Frequency of the heading compass(red bar). Black line indicates the 
mean direction.  

Fig. 3 Time series of the raw data of archival tags (black lines) and 25 hours running mean (red lines). X-axis 
represents date from the release. 

Fig. 7 Estimated migration route of chum salmon by SST, the magnetic inclination and the magnetic intensity. 
Color dots show the experienced water temperature of chum salmon. Blue colors show where temperatures  
were less than10℃ and yellow colors show where temperatures were more than10℃. 

#608 #669 

REFERENCES 

Bracis, C., and J. J. Anderson. (2012) An investigation of the geomagnetic imprinting hypothesis for salmon. Fish. Oceanogr. 21: 170–181.  

Putman et al. (2013) Evidence for Geomagnetic Imprinting as a Homing Mechanism in Pacific Salmon, Current Biology. 23: 1-5. 

Putman, N. et al. (2014) An Inherited Magnetic Map Guides Ocean Navigation in Juvenile Pacific Salmon. Current Biology. 24: 446-450. 

Ito, S. and Y. Ishida. (1998) Species identification and age determination of Pacific salmon (Oncorhynchus spp.) by Scale pattern. (in Japanese). Bull. 

Nat. Res. Inst. Far Seas Fish. 35: 131–154. 

Fig. 4 Histogram of the ambient temperature, the depth, the magnetic inclination and the 
magnetic intensity.    
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