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Magnetic Elements in Otoliths of Lagena and their Function
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Abstract

The mystery of pigeons’ homing abilities has been the subject of much interest, and it is widely believed that informa-
tion from the earth’s magnetic field may be involved. However, no specific magnetic sensory organ has yet been identified.
The recent finding of magnetic materials in the lagenal otolith of fishes and birds raises the possibility that these structures
might be key elements in the elusive magnetic sensor system.

For the elemental analysis inside materials, x-ray florescence method (Synchrotron radiation) is one of the most power-
ful techniques. BL4A beam line of Photo factory of KEK at Tsukuba was used for analysis of the otolith.

Comparing the compositions of the three different kinds of otolith among several species of sea fishes and birds, we
found that the saccular and utricular otolith rarely contain detectable levels of Fe (iron), but that Fe is present in sig-
nificant quantities in the lagenal otolith of the birds. The lagenal otolith is tiny crystal that contains magnetic elements and
is sensitively displaced by imposed magnetic fields, providing the animal with geomagnetic sensory input, from which the
brain would infer navigational information.

Behavioral experiments of the homing abilities of the pigeons involving sectioning the lagenal nerves and the magnetic
interfere to their lagena were done using 30 controlled birds and 21 treated birds from the same loft of the racing pigeons.
The result of homing test of the control and treated pigeons clearly indicates the magnetic influence and lagenal function
to pigeon’s navigation ability, and the treated pigeons were either lost or significantly delayed, while the controls returned
within 30 minutes after the release. Thus the birds’ lagena is unique organ, and it may be concluded that the lagena is a key
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element to magnetic sensory system for birds.
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Figure 1. Position of the lagenal otolith in the inner ear. (a)
Schematic illustrations of the inner ear of fish and birds. L indicate
the lagena. (b) Photograph of the inner ear of the mullet. The white
part is the saccular otolith. S=saccule; u=utricle; bp=basilar
papilla; ca=anterior canal; cp=posterior canal; ch=horizontal
canal; L =1lagena.
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Figure 2.

b)

a: The otolith of the frog, b: Secondly Ca X ray image of the otolith.

727



WA HF15%5 45 (2002)

The otolith of the guinea pig.

Figure 3.
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Figure 4. SEM images of the inner ear of the pigeon: (a) lagenal
otolith; (b) lagenal sensory epithelium with > 12,000 sensory cells;
(c) lagenal sensory epithelium at high power resolution.

BHEEAOWE X AT MV THRIEEH 1 CaKa
iR, KB#R, SrKeOff, KA, WIFNORE» L L
H Iz, FRIC AV TIREFET AIC FeKa 28 & W i %
=L, ZnKaff b sz (Fig. 8),

Figure 8, Table 1 IC/R$ L DICT 2, NVl bage
HAICFe D&EHNEL, ANVOHFANICOEIVER G
1213 Fe B TE LV DIC, #FEIC FeKo, ZnKa O —
ITHRBNT,

WKED AN, TV, YN, ZFTF, LI A,
RSZEOH AN Fe O H T, A7V oR LY L7
EHAIZFe < EFEN T,

A7V DF R OBSHHEEE S M TIREREEF LT Fe
EEhzvwoll, &FEFANIC Fe, InhgiEhsE—
7 RO BNz (Fig. T),

737



194

15KV 0.03 wA
—— CaKd Full scale 5000 cps —

= standard calcite J= Otoconia —

40% Ca

Ca content 43%

Figure 5.

Figure 6. Calcium analysis of the otolith on the utricular dark cell
area. a) Line analysis reveals a peak on line. b) Plane analysis of
Fig. (a). White dots accumulate in the otolith with high amounts of
calcium.
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Microanalysis of the otolith (guinea pig) and standard calcite.

WEt #15%EE 45 (2002)
atomic weight
CaCo, 100.08
Ca 40.08
40.08 _
o008 —40%
(a)
Ll S
E @
- Q
10°L
210°f
c E
2
210°[
i)
2
2 | o
o
S10°F
&P 9y >
%ol 83 225
oF 8 G| @ % 1
i - @
10°F ﬁ 3 e
3 LS 4
F c
L N
10°} 1
1 1 1 &:
4] 5 20

10 1
Energy(keV)

Figure 7. X-ray fluorescence spectra of the otolith of the rockfish:
(a) saccule; (b) lagena.
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Figure 8. X-ray fluorescence analysis of fishes otoliths.
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Figure 9. X-ray fluorescence spectrum of the lagena of the spot-

billed duck.
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Figure 10. Fluorescence spectra of the lagenal otolith of several
birds and fish.
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Figure 11. (a) X-ray fluorescence mapping of the lagena of the
spot-billed duck. Parts a-¢ show the mapping of the Ca, Fe, Zn and
Sr fluorescences. The color indicates the intensity of the X-ray nor-
malized with respect to the maximum intensity. Part f is a photo-
graph of the sample, the white part being the powdery otolith. The
scale bar denotes 1 mm. (b) X-ray fluorescence spectrum of the
lagena of the spot-billed duck.
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Table 1. Concentrations (%) of magnetic elements (Fe, Mn, Zn)
in the lagenal otoliths of birds and fish determined using synchrotron
X-ray fluorescence analysis

R 3 DN gE A EE
R % % %
XF gy 1.2
IV E 4.3
AN 0.7
=7 Y 0.5
INY 0.03 0.07
7 0.04 0.16
A7)V 0.02 0.08 0.4
TV 0.03 0.03 0.03
< PN 0.05 0.05 0.05
XTI 0.05 0.05 0.05
[ 0.05 0.05 0.05
RS 0.05 0.05 0.05
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Figure 12. X-ray fluorescence spectrum of the single lagenal
otolith of the spot-billed duck.
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Figure 13. X-ray fluorescence analysis of the single lagenal otolith

of the spot-billed duck.
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Figure 14. Magnetic interference of the treated pigeons: (a) an in-
cision was made 0.7 cm posterior and inferior to the left outer ear;
(b) magnetic particles were glued to the anterior and inferior parts
of the ear canal.

(b)

vestibular labyrinth of pigeon
(left ear)

Figure 15. Temporal bone of pigeon: (a) microscopic view of
pigeon labyrinth; (b) sketch of the parts of the left inner ear visible
in (a).
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Table 2. Results of homing tests using treated and control pigeons
No BHAFE S PREGINT, WA UNTR] IR ERH it HAL g
a 3867 MR B A1 A R A 7= 800 G X
b 3849 4 800G X
1 7963 e BT Vi 473 7H X
2 3974 ” ” ” X
3 3952 ” ” ” X
4 3968 ” ” ” O 10H
5 3804 ” ” X
6 3764 V4 Va Va X
7 6580 4 7 4 O 3H
8 3975 ” ” 4R/ 7H X
9 3897 LA ” 7 O 305
10 3952 BBAE PIfA BE E £ 1G 47 T7H O 4H
11 3935 4 7 5G 5 H10H O 1.5H
12 3925 7 7 1G Va O 1H
13 3964 £ 5G 5 H10H X
14 3889 ” 725G ” X
15 3959 ” 7 2G 7 X
16 7391 4 725G 5 H20H O 1H
17 3897 4 7 05G 7 O 1.4H
18 3989 ” 7 1G ” O 1H
19 4515 ” 7 0.5G % O 1.3H
10 3952 R ERZ= 7 1G 5 4100 O 2.4H
16 7391 4 725G 6H1H O 3043
17 3897 4 7 05G 7 O 7 5FFfE]
18 3989 ” 7 1G ” O 7 5IRFfH]
19 4515 ” 7 0.5G % O 7 5IRFfH]
20 3878 placebo 7 0G ” O 304

G: Ty A X :JpEeEd

Figure 16. Map of the area in which the experiments were made.
The preliminary release test was done from Yasuura.
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Figure 17. Results of homing tests using the control and treated
pigeons.
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