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The earth’s geomagnetic field and geolocation of fish:
first results of a new approach
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satellite measurement derived field models (Figure 1). By choosing ap-
propriate magnetic elements observed at a given locality (we use Z and
H), it is in principle possible to determine the geographic position of
this locality by comparing these values with the IGRF (see Figure 1). By S f“\ S
measuring and storing magnetic element-readings from a registration - Ny Alesund e ﬁ\w“w k
tag attached to a fish, recovering the tag will potentially enable tracking | - T .\booé gy S TN
the migration pattern. The earth is immersed in its EMF — consequently . 7 00 60@0‘30 I— Baly %w; I E
the proposed concept may be applied globally. ' © -l o Meayen | =
XA~ o P P
. . . I ’Y - Easf areya J\“\:_ i WW"
I_lml'I'O'I'lonS: i 845y Treinse 2 - — MWM’“W“\;‘VM
 The EMF varies in a broad range of time-scales. Here, only short | 11000 ° { frdenes W\W\ TN
. .. . . . . N0 Lek \f Y “'vh.fvﬁwm
time variations are important (Figure 3). Registered magnetic ele- e Z F Tistal Trteneiy - Mm N
ment-readings must hence be corrected for these variations prior to - - ;' C'Ofizorfld Intensity . NN
. . L . .. “ rtical Intensit
comparison with the IGRF. For the north Atlantic, time variations of 5 . b~ D ch'lf:oﬁgsns'y Bor I\,
_ , _ 40° NC——— ~F e AN\ —
magnetic elements can be obtained from numerous magnetic ob- 0° E 60° E | Inclination
Serva-l-ories (lceland/ Norwoy/ e-I-C). ' 0102 030405 06 0708 021011 1213 1415 16 17181920 2122 23
e The proposed concept will only be applicable in regions where iso- Figure 1.: vertical component Z. of. the earth’s mog.ne’ric field (bold lines) Figyre.Q: elements of the earth’s mag- Figure 3: example for short period magnetic vari-
I f i al | N | H 7 and horizontal component H (thin lines). Values for field model IGRF 2000  netic field vector. ations, here: Z component on 03.01.2003. Data
Ines of magnetic elements are close fo orthogonal. Flere we use (IGRF - International Geomagnetic Reference Field). Units are nanoteslas. from magnetic observatiories across Norway
and H, which are “suitable” oft the coast of northern Norway / Bar- A data registration tag attached to the fish would measure Z = 53000 nT,
en'l's Seo/ bU-I' |ess SO O-H: -I-he Wes-l-ern COOS-I- O'F NOI’WCIy (See F|gure .l) H = QOOOHT FOr deflﬂlflon O'F mCIgneﬁC elemenTS, see Flgure 2. The rec-

tangle marks the limits of the area depicted in Figure 8.

Figure 5: The Helmholtz coll
system at the Department
of Earth Science (University
of Bergen). Coil diameter is

P e e E o g B e B g s B Two prototypes of a newly developed
£'x§%§ gmgﬁiag Wﬁg k data registration tag have been man-

ufactured. The tags measure temperature, pressure, pitch and roll in three axes and the magnetic

field in three axes. The analogue to digital converter resolution in the prototypes is 15 bit. Sensors 2.40m.
are mounted in a cylindrical housing with 44mm length and 15mm diameter (see Figure 4)
Measurements were carried out inside at a dynamically auto-compensating three axes Helmholtz
coil system at the Department of Earth Science, University of Bergen (Figure 5), which produces a
controlled magnetic environment to ca librate the registration tags. Magnetic elements were addi- e L[HJ'M:}LHH\J!llllﬁulﬂliiﬂii.‘ff.‘].'!ﬁIIJI!-iIi-!;.i-..'];?e.;;i']:,2 T ;“ﬁa:”\%
tionally measured with an Applied Physics 520 Fluxgate Magnetometer. | o |
Figure 4: The data registration tag prototype (white
cylinder to the left) and the fluxgate magnetometer
probe (dark gray rectangular block to the right) dur-
Ing a measurement.
Linearity foioe Aoouracy i gealocation: & simulation.
o go 180 (\K2240°C To assess the accuracy in geolocation the following simulation was carried out:
T w0 - / 331 N 25-%2("0 1. On a path between Vestfjord (Lofoten area, location #1) and the Barents Sea (location #10), 10 geographic positions were chosen
oo // A TE e (open squares in Fig. 8).
o - 4 g 2. H and Z values for these 10 positions were calculated from the IGRF-model.
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3. It is not possible to calculate a precise estimate of a geographic position,

Figure 6: Uncalibrated magnetic Figure 7: The noise level of the magnetic _ _
components (x-axis) versus exter- sensors is approximately =5 digits for each because it depends on the properties of the EMF.
nal coil-generated magnetic field component (corresponds to about +75nT). 4. It the presented (synthetic) data had been obtained from a registration tag
(y-axes). The linearity is very good Influence of thermal drift is apparent in the attached to a fish, they would have reflected the migration pattern of this
for all three components. Theoreti- initial 2000 seconds of the experiment and , N , , Figure 8: Results for a simulated fish migration between Vestfjord
cal resolution (as deduced from the shows that magnetic sensors are very sen- fish over longer distances. Note that e.g. the distance between locations #5 "1 5 is s for details, see fex)
slope of the regression lines): sitive to temperature changes. The tem- and #6 (275km) can be resolved with the method.
X: 14.74 nT / digit perature dependency is linear (not shown 5. Order of magnitude example: the long axis of the ellipse around location
Y: 14.64 nT / digit here). #5 ¢ about 465km

Z: 13.90 nT / digit
6. A time series of possible candidate positions may further be filtered by making reasonable assumptions about fish swimming speed.

Conclusion and Tulure praspeots
e The method can help to decipher broad scale migration in the geographic region chosen for this

current study.
* For other geographic areas, other magnetic parameters than H and Z may be more suitable. Isoline

maps of IGRF derived magnetic parameters will help to pick the best suited pair of magnetic param- #t BH? ﬂwgé‘ﬁgﬁm&ﬁiﬂ
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