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Abstract: Geomagnetic field (GMF) is an important geophysical field of the planet Earth. It is the field that
shields organisms from the solar wind and other cosmic rays, and plays an important role in protecting the
atmosphere and hydrosphere escape from earth which are crucial to life survival to provide a mild survival
habitability of our planet planet. Besides, it is widely recognized that the intensity, declination and inclination
of the GMF can provide navigational reference information for animals during their migration. It has been

found that diverse animals, including birds, reptiles, amphibians, mammals and other animals, can use the
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GFM for orientation and navigation. However, the magnetoreceptor which allows an organism to detect the
magnetic field, the mechanisms of magnetoreception and the related neural pathway of magnetoreception is
still largely unknown. In this review, we describe three major well-known magnetoreception mechanisms and
their ~ corresponding  evidence: (1)  Electromagnetic-induction-based ~ magnetoreception;  (2)
Photoreceptor-based magnetoreception; and (3) Magnetite-based magnetoreception. The magnetoreception
neural pathways and brain regions involved in magnetic information processing of mechanism (2) and (3) in
birds will be discussed: the photoreceptor-cryptochrome in retina which obtains the direction of geomagnetic
field can transmit the magnetic information to brain through visual pathway to acquire direction information;
and the magnetite receptors, based on nanoparticles of magnetite either in the skin of upper beak or/and inner
ear lagena of avian which transmitted the magnetic strength information to brainstem neurons through
trigeminal nerve/lagena afferent terminations as a part of the ‘navigational map’ to obtain positional
information. We also summarized the recent progresses on mammals geomagnetic navigation and raised some
key scientific issues in the further researches on animal geomagnetic navigation.

Key words: Geomagnetic field; Animal geomagnetic navigation; Magnetoreception mechanism; Neural
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Fig.1 The geomagnetic field (from Mouritsen 2013)
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The magnetic southern and northern poles and the magnetic equator do not coincide with the geographical poles and the geographic equator. The
black arrow indicate the magnetic north pole, magnetic south pole and magnetic equator, respectively, the purple arrow indicates the direction of
magnetic field line inner the earth, the rotation arrow indicate the geographic north pole and south pole, the blue arrow indicates the magnetic
equator, the green arrow indicate the magnetic field line which contain information of strength and density, the yellow and orange arrow indicate

two magnetic field line which have the same size but in opposite direction. mN means magnetic north, mS means magnetic south.
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Fig. 2 The electromagnetic-induction-based magnetoreception mechanism in sharks
(from Johnsen et al. 2008)
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a. Sideview of a shark's head, showing the ampullae of Lorenzini electroreceptors (red dots) and jelly filled conductive canals (gray linse); b.

Schematic showing two ampullae with their canals. As the shark swims east and into the page with a velocity v, its movement across the horizontal

component of Earth's field, Bh causes a vertical electromotive force of magnetitude vBh. The thick black lines illustrate the electric field

surrouding and permeating the shark.
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Fig. 4 Illlustration how cryptochrome could putatively dectect the direction of magnetic field
(from Mouritsen 2013)
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Left three-dimensional illustration of the half-sphere of an eyeball. White-blue pins simulate a putative magnetoreceptor-cryptochrome orientation,

where all molecules point towards the center of the eyeball. Blue arrows indicate example orientations of active cryptochrome molecules. Green

arrows indicate the direction of the magnetic field lines.
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Fig. 5 Flavin cycle of cryptochrome
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Nt. N-terminus of cryptochrome; Ct. C-terminus of cryptochrome;
antiserum-binding epitope of cryptochrome is in red, indicating that
the antiserum probably binds the fully reduced FADH ". Radical pairs
are shown in parentheses; coloured arrows indicate light-driven

reactions, black arrows indicate light-independent reactions.
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( Oncorhynchus mykiss ) i) £ fias IR AR 41 27
(Walker et al. 1997, Eder et al. 2012) At
('Solenopsis sp., Pachycondyla marginata,
Neocapritermes opacus ) #1% #% ( Solenopsis
interrupta) ¥l ffi S I35 (Esquivel et al. 1999,
Abragdo et al. 2012, Esquivel et al. 2004,
Wajnberg et al. 2004) F£ 45 AL #0 &L T 1
BRI gk ik (Kirschvink et al. 1992) . T4
BRI 2 R S URR TR 1 FH R SR T8 s 1) 32 B33 0
WA, nl DR G b N A S wd 3 (1 A8 4k, DAL
BNYIAR N IR A K RUREARE I Ay At BLAR P 1
A28 R 1982). MHLZFFICH, shi
AR N TR A AR (R 03« K/ NFE AR A 52
W SR FIEIA RN R . HAT, s
R IR PV RGRAT™ AR K RURE A 55 L S I R A 7
FERRE R 3=, W Hanzlik %5 (2000) . Winklhofer

85 (2001) SEJEUFSEAE Y Bk A 2 A7 AE (1
PEW 4k BRSOk o A5 55 PN EL 0% B 1R B 41 iy
HAFAE R B PR ARG Al K JkE (Lauwers et al.
2013), fE R} 8 B Jl 0 B 1 () A 4 i b A7
7 RGN R (Walker et al. 1997), T4
W 0 Sk S A7 RGP E AR IBORE (Tian et al.
20100, BRI WA PR A o TSI O A7 A1 R UG
YKk (Esquivel et al. 1999, Wajnberg et al.
2004, Abragado et al. 2012). B diF, Hb;
WA RORE AR A A LR i ), 5 —A
FOI AR IO, AN o B B e R, I
a7 4518 W 5 A8 7 10— 3, AN R
KFHHemiw, w7 17 5 58575 17 56 42
B R MR A ™ R P W RS A7 T )
ClA]— 4B 2 45 A A SO 2541 HE D
Wemil )R, WR D G T, s E
N, RIS, AN OLT, R
K5 1) W (B) 55 4137 75 1) — %0 (Dunlop et al.
2001). [Hut, MFEE EYF, S PRORLEE (1 fE
A 4 K UL ANAN ] LU SN A S0 3 (1) T 1) A%
o, AT RN SER FE AR, HR AT 4R R S G
JRZ 45
NSRRI L ENA Y 3 R VAR TIPS
WIORL,  (H IR SR 2 75 HAT Wk 52 45 14 D) Bk
T BUESE . AR T B2 A0S AR AR IE H HLAE
R LEFRE P A, AR AR R
Al RE R YIRS 2 R T YERRNUA R T %=
AR P&, Ak, BE AT L A
S5 R0 A A 2R Gy b B H LA, SEEe
FRARMEE M RyT e . NIL, AXSEREERAT (A7
TEHARAE N e S 5 R BSR4
P A 2 2 5 L AT A A N, A 3
N R AN KRk LA SEHES 1) 7 2
IAE 5002 R 48 AR AL B A W0 A e
ARz 2% Wik, 78 = XAyl &2k
% (Hanzlik et al. 2000, Tian et al. 2007) .
10200 B (Walker et al. 1997, Eder et al.
2012) K 51 g R GUAER M H- (Lauwers et al.
2013) SR IR I Rk Al K R 1T B2
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eI 2 %% . {H Treiber 25 (2012) X {5 A% L0k
BN Ny S RG22 ) B R M AT 0 T, I
SERTTERY T E R IR REBRAT 9 KR 1) 44
MIFEAMURRT Bk, 7ERS T Rk, 2. &
AT IR AL R, S HHREBUR 1T 4
P 20 AR G5 B B 4N R K 4 4544 23 BT A
Ay XA M ST ERAN A, N IR AR
W PR TR IDOE =), AN A Sk
Zpe, [AINF, Eder &% (2012) 7 Wk (i
I I b J 20 2355 2949 21 T R BESMIN#EY)
WERE I RGN ARG, 3 BTN R i 4l P A 5
I 0 RS (R R Al oK R, 3K — B ARSI 5 b
MG AIE T e S s T R R R R AT A R R
IRHEINRE . AR, A7 2280 IRF A T
%t, Edelman %5 (2015) X Eder %% (2012)
O A N A0 M) T, KRS B FEE
FLES RO il e 5 s i B vt 20 25 T 40, R
73 21 149 fd i S 40 B LR B 8 I T Eder &%
(2012) M\ fitgfer S5 s i v 43 15 LR R R AV 4
M, B A C B 2R R T BB R R AR
J P REE RIS A R B S T M
Fhbe RE5E R IL,  RER PIRORLAS 2 53 A 6 40 Hg
P A W B E AR M R TR, R Ry X Pl
o ] BERVE T BT Yo AR RS0 R (] 45
PUAH R TLE5 R 2 JR R AT eSS, Eder [AIPASK
BARE R AN S 52 8 T IR BTG e, BE M
TIF 5T TN 73 125 1R A0 2R LS AN 2 AR ) 1) X3k,
BN A A7 (R P K R G 8 52 2% 7T LA
7RSS ) T AU 308 e R 13 1) AR
1, AHEIAE LA liess, AT G
1218 FH R 2 B AR A T A

AR FIR AIRIFFUAS BEAE 4 KT S R Ak
WK RSO RG22 AT A, PR Gerva R ikt
SR BT R AR ORI SRS A1
TANT AR SLIGAET o 1T 9 A Rkt R e
A A A (PRGN T ) S AN B M o R k™
T SO e A 147 A 15 R, AR AT ok
RPN H RS . ik,
SRR K IIE S B A A PN A5 A AT S TR 4

KAIUREL PRI 2552 2 o IRORRINE 1) 2K IR 51 55 )i
TARAEVE 2K, L ER R m) (v 22 07 In) a4
A BHEEMEZNEE T, K 2 b
Jio (R BATHEZETNY, 20l 3L Bt o 4R
VU4l ) R R A bk o, Gl SR AT TER S A S8 B 1) it
Dbkt B 5w, SR R OG (Wiltschko
etal. 2009) o Jajf BRIFEH — A2 /) 3Bk I
W, WU EA D0 k3 1) s ON. (Beason et al.
1987, Wiltschko et al. 2009) . ISZEIE W ix
By = XA AR IR b P A A R 9 oK
oo 2R Bk v 3 kb PR 2 SE R B R
(Cryptomys anselli) , BT IE 5 AR HAL
B R IR, AT T T AR 3 S
B TT AL WIANSZ 52, 6 1 28 () R S AL
TR LGRSz 4, 5O T
% (Marhold etal. 1997a) . 2 Ja k8L, iT4EME
L A P A7 A0 R T A A RO P B 1P
% (Wang et al. 2007, Holland et al. 2008) .

A3 SR A A A B TR AT 4 KR
MIRGIRAZ 2%, T4, TGN AP K J0kr anAnT s i
Yl BIEEAL AT A & RGO AL 2205 5
Mg ? KirschvinkZs: (2001) #1845 ik 711K
WA AR . 70 A G ERAT AN KUK () 40
Harb,  REARAT AN K R o i R A el A A
WKy BB ) FE b 5 0 R S b 1 20 1 e
AHIE o M40 i R R R i B B 7 1) R AR AR AL
I, AR PG RAT 2 K RBORE i) N 37 1R A A
AR BT, R A A WL ) A FHAE S LA
TE AW R 3 AT I 8O% P 40 5 b ) 25
O, U I ) A 2E e AR AR AT
PR S Y, X B A SR
AR SR P A D A S S, e
KEHfE . B (E6). JEok, Winklhofersds
(2010) MWH R B2 # BEARUE T ORI AL
TIAL Be B ARG IR R AR AL, 38 RE IR 5 i
A1k

TR CUESE, SREIN AR T
AR TG AT A K UL () P R GRS HLR,
AR SZ AR IG5 1045 B GE AR
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Bl 6 THERT GOKTBURL B AL
(5| A Kirschvink et al. 2001)
Fig. 6 Magnetite-based magnetoreception
(from Kirschvink et al. 2001)
V2 P\ 7R W R T A PR 7 s 5 2 X PR . oAk
RSl I A0 B ST 22 5 I TR T I AR PR Rk
THEARAT ™ 1 (RO AR A T I AT I 2 O3, DI 5 50 e )
FAEAL
Model of how a magnetosome chain could act to open a
trans-membrane ion channel. The grey rectangle represents a
magnetosome that is anchored via a cytoskeletal filament to a
mechanically activated trans-membrane ion channel. Torque from the
magnetosome, if properly applied, could cause the transient opening

of the channel and lead to membrane depolarization.

B ARTEND, S SIE M “WP R BE b
Wik FA) R MU B AT A0 A RORE A6 e i i 3 i
A1k, A SREBAEFE, BEE “Tit
K7 B4 s> (Wiltschko et al. 2007). X
T B 52 AR AT S SEPAT AT 55 I 0] R AT AR
7o~ P LA R 1 28 RE 08 40 5 UG 7 e <3 0
(LGetal. 2013),

3 BIYIRBERIPREIE R

MR AR S ] S Z s 22 WE IR A 28
HAL 3 BRI T A B, S4BT 3
h- AT WALy, FLZE T, B At 2 s

A A A2 7 e I DX 2 LA T B o
R ER T 26 VA 2R 2 i Ve I NSRRI 2 B2
W5 RS A D RS AT AN 2,
I X118 52 V7. B A8 IR 8 PR P S AT 5 |k 2
FAVRT 2 0, RGP 2 0T 7 e D 5L
JUANI RS Sk . R TR 2 A 1S
R I 0 B P T AN IR R 2 s IR B S i 28
TR AT IH AR 2
3.1 ETHRARHBRMMLER
IS AR B SZ 2RI R 5 B i &5

A SRS G NS U £ S Wik 22 A A TV
X d 22 (AT Eh ¥R 4. HET, %07 AT
AR, AT IR E R, 2
JE [N A P IE % 1) 2 5 . Semm 45 (1984)
B SR HAE BRI AR B . 0 %5 RS A 1
TS SR NP X I, RIS A s
40 A 3 I BRI % (nucleus of the
basal optic root, nBOR) W] LLZZ 18 i N 37 5
Il RAR AL, AT R g ph 22 A S b i 0T
5 AR o A0 R AR Ak I R 37 h R B
s A BRI ER B e R AR, A
7 P i = B A9 26 TR T 8 A 28 el 2R X AR
At (e s L SR SRR AZ R T 25 i 28
TUX 37 588 FEE N 7 i) 14 35 52 s 3 A T 5 il

(Semm et al. 1986) . ILAFFFTERN, RALM
JE b (R 652 AR 52 3 K485 15 (R A SR 20 3
JERA AR AZ 2 Fe i FAT A 2 AR T 2 .
FOERI, BIIEETEETE B SR ATAE N,
el 2 BE F X % N Celuster of night) @it
28 i A0 B S I L £ B At =
YRR AME B AL PR (Heyers et al. 2007)
VI DA R ) e T 2y B2 A
JATAIBR A IHRI B S Xemy 2 % %
Y % 2 A0 5E HL 4y 4L % ( Mouritsen et al.
2005a) , HILRAR e, SIS A 5
ARG RIATE N, HR LT DR E M RE
71 (Zapkaetal. 2009) . & LF4EiE g AR
N, AR R H R A 2K N 22
i A £y Z M R A (Mouritsen et al. 2005a)
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— M RE,  SCAH I A BRN  25 T B T B
fif Ay - RS (R B AE (B 38 7 FAE R (<
405 nm) NIRBOGET, BRI AR R IR S
H R, REBERSIEM N &MIER NS =
FEWOR S LA B TR . Uids Kk
AR, BB R R - S EORAS Z AH
HAACRIBN 15, G1E M AT LA A2 4 i
WAL AR T A0 B, 40 B 32 (A
AL AR A% 50 28 ik e i 2 v i 4
TG, B0 4 Fe B 22 o i iy &)
EEIRAA, B AR A EAT HE 2 K% N
(Mouritsen et al. 2005a) ;{0 i [7 it
P ok AR AR A% (Wylie et al. 1997)
PNV s SV A =iy B BT B TN
(Korzeniewska et al. 1990) , FKHEZ 115 K
N HER I 20 5 R AMI R AR 2811 K
fii#% N (Mouritsen et al. 2005a) , HLEK T
8 A UN R S i) A S SIS il
3.2 FETHEARY GHKIURL A R SN 44 2500 B

XS TADRAT™ 2 K R i 5% o 22 100 B T TA TR
TR T SRR HElENEH
TR 20 K ORI (1) X35k 3 J31) 52 AN [i) f o 8 4
ills S8 RN £ S8 B s T B 52— X g
SR N HE BB R AT E RS, Bk
FE TG RAT AR IR (1) GBS0 A AN R] 1 b 2858
o

e H = XA S 5 (RGN TR
28— SRR oy 29 gk S A gk
TORE R DX 3, AN [R] 98 B2 IR REAS 5 T = X
PRI 53 S AN 7 5 55 1) HL A A 5 (Semim
etal. 1990) , RREFECDINT =X ppes, M55
e 2K SF il ik o R 4 e R SO (Mora: et al.
2004, Freire et al. 2012) . M fh = Y A& R
3 SC S S i By DRk, HG 40 4 1 S e ek
REAN R L AR T 224k (Walker et al.
1997) o R T [HI% = XAHERR 43 SR IR 1
15 B AT A% 28 W6 i [X 1) ) 81, Heyers %5
(2010> LA ZENK H A A Tuhrid Bk
SET ORI B T ARG e i DX, R B AR A

(T 2 eE WG 2 7 1 — R 2 i T 45 4
) A% B M = SO 2 B AR X B IR X, 1T
AR R BT — SRR 5y 3, X
R tE 2w Y NN (R D o e
ST B ) e Js G o (R AR 2 K L P
B ML A B4 — PSR S &
@R a1 2 ey = R U]
FAZH e = AN, ol — P 015 B
Brs TERIE T RSN AR IR I R S b 2258
%

UEAh, A5 55 ARG A0 T 1 22 00 B AR g
Mo HESBAT RY I P H 2 ATAE AR 2R ) e
MANEE IE A8 (Harada 2002) . {HEIYIK A
H5HTERREVIFR, AT =X,
S5 BRI R S0 B ? Wu &
(2011) 53w e 30 i 7 5 VT i 3 R AR AR K
PSS RN T RTEEAZ . Fo IS RS
B 23X PUAS B AT 25 (8] 3 A7 F- ST D) BE R G IX 5
AR P B 3 DA X PR 28 76 375 1 )
A S0 AR, SR I 8 B o [ o FH S D e
(10 i DX AR 2 SR S A 22 TR B 1) — 3 4y, St
T EEAZ R R S RN JE R
ARBE ALy, HE— 2D H AR B AT R LN T T RE
A% AN M mT CARERS R (R 7 170 SRS S,
0 LT i 37 3 L P T 3 7 ) AR A 5 Ok
K, X5 R G K RORLAS i (R RS B — 3L
ANIF] TG 52 A 52 4 RN R R AT A7y (W et al.
2012) o Rk, T Py E AR SRR s 22 0 i ]
VAR s o T BE R A A R NS DI ik B
HUL T SE RSk B H A BN, I
XA BT SRR T W ) HE A b 2
SR B A T LA Nz 2 A R ) i
(Vollrath et al. 1976) , FrfxHe52 i+ A K%
(A A AN AR DO AR B 5 104 B B AT i 1
AN 26 A Bz 2 95 X 48 ( Mouritsen et al.
2005a) .

Fe R 5y [ 2 5 T 3T 2 AR g 2k
2P R bR A S SIS S i S (E N S ]
FANG IR BT IS RS, L EATTEE
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TE S MR TR AN R A . BT
RIL, VIR ERH 2 5 5 (1) = AR IR 53 3T F A
S M LR B B 2 I RE ), T SO AR
TR 228 4% ) K% N Celuster of night)
1 B B R 2B AT RE ) o U RN B 1 =
A S5 WRURAE A S 5P B m, b
R B A e “RED R (0T 22
4y (Zapkaetal. 2009) ; HIZEFRE R, —XA4f
ZER I3 S AN e N R S R FE TR AR Ak, TR T 1)
ARG, B REERAT 9 AR URL I S 52 245 v
S X PREAE IS R R AR S (Semm et al.
1990) . DMk, SRR ARt
PR RHE “HABA” PER, A SRR T )
Tk BT RERAT G KON () TG i o 0 10
WAL R, O SR “ T o B
Tl SRS L dan e A T P A % 2R S B o b
HIHER 58 A7 A i TE— B IRABH AL

4 WEFLSHYIHRE ST ST R

YL AU LA S 280 32, T LR
G o H R 8y FLAh P B il 5 HA 1 %
HIEST, BARMIEHL T RS, RIRR R 22
K i (Burda et al. 1990, Marhold et al. 1997a)
5% WUE 1Spalax ehrenbergi (Kimchi et al.
2001) , =Mh/NiEE, RIOKEAEE (Eptesicus
fuscus, Holland et al. 2006). A f H-#% (Myotis
myotis, Holland et al. 2010) I 4&1liE (Wang
et al. 2007), LLA&PEAIHR]I 4 FL (Phodopus
sungorus, Deutschlander et al. 2003) . C57BL/6
/N EL C Muheim et al. 2006 ) 1 il R
(Clethrionomys glareolus, Oliveriusovaet al.
2014) o Horbr, ERRFHETE SRS BTSSR
VNS

Burda%f (1990) 5] A B 42 ZE M G B 37
ST £ MR B VIR : 1E W i
T, BRI AL b AR ) At
e O0R. T 3 Py Ar Iy, LA ST 67 A AR A
NARAK, AL TP ZRACTT AL g AL A
I T Jie e L8O T~ H B g 7 A2 I, SRS 7 A7t

RAANAZ,, AHAE RSO T LA LRI 2R 7
Jite, IR AR NAAAE PP R . BE
J&» Marhold4% (1997a) X i% B FEAT SHmE ik oy
S, R IR K AT LA O 5 57 A 1)
WEFE, AR 0 T AL R PR AT e, 3R
AF A B ] BEAE AL A K OB R S22
Némecss (2001) i 7+ Anic I R E
Fei X 2 5RGS (Némec et al. 2001) o 1M )5,
AHLR AL B PUAA R4 fL (Deutschlander et al.
2003) HIC57BL/6/)N i, (Muheim et al. 2006) 1,
HATWEIK AR S o BEA X € A B K JE,
Burger M [ = 0L 5¢ 2148 4k, 557 il (1 1 37 4 58
e SR RS 6. 5 R
iy Ie] R JE A DR e i v, IR T 2
ANt N DX, Ay J TV L3 0 B i X
Br S AR IR i B A i B8 T R A ) A LA
(Burger et al. 2010).

AHEE TRt (1 3 B, ME— 2 I FLBh D)
Wt 8 O L AT R S8 1) ®AT g O AT T
(LS I P, T FLBh ) MR T T i) AR
AWy, A DR W M 0 A R RIS R AR A
TR . Holland4s (2006) B XIESE T K
FRUE BENS ) HI ORGS0 AT [0 558 1) R
LA S HE A A St LA 20 kmfje Ty, 433
AT RIS, S A AMEAR T AL BE,
B 20 5% R AE MR AR N I 4 e 4 90 T R 3
W, g AR B R N IS T i 90 TR 1 37
o I TO R HIIB R AR R I IE 21 i i
A SR S 7 1) R, T At A U ) TR
PSS IIEZRTT, W B2 RA ) A S IE 7
T3 o FHSmBE K o B BN s AT A P S, e
AT E 1) RE 52 21 T PB4, HEDIh A4
W AT BEAFCERERN A RORL, B AT SR k™
YK BURLEAT 5247 (Holland et al. 2008), JLF-
[, Wang4s (2007) JTJE T 3AE R Ak | g
“WEEEL” PERREIT, R IR S R
R AR T 0], AHAN BRI N A £ 1 AR
1, UEWIMREEAR N IR “RED R A “ L%
B BT, ABFFC/NR A Ll A Y AT RE )
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T I 52 4 TT AT, 43 5 v A Ly 1) o 20 295

ATREEI R A, B A L s A 4L 2R A7 A
SHEVEREERA B0k, AR e T g A
L B G 27 B G A2 2% (Tian et al. 2010). U
WEA AP LSBT A R A, 2R )0 T 2 R
39 PR AR AR M {3 i S5 i 17 24k (Teeling
et al. 2005). WilE “HEP AL GEA AN IR H
SSWEIA AT 3 ) M ANE R SR R I, W AR
T 37 78 AR 48 LIS b 1 37 1) 59 B PR 355 v o o —
BRI, A a] AR R RE AL 7 1) FER
SE ], TESACLEE B INBR BN R i, “ RGP L
FIFERCAE T . Ui RIE I “ BRI 87 B s e
(PR, Xl SR O T DA LR AF i i 7 28 )3
Sy J55 326 T Dok 55 RN Hb A AR A9 5% (R PR B AR A

R FE RAFIIE M e ) o X — A IAR AR W
g R R A 6 T e S MRS K B IR s Ak
[l 4k 5 (Tian et al. 2015).

XoF Lt 55 2SR L ) P R B AT b SR
B, AT MR T ol s Y 52 R R B SATL
PUNBEWUAR AT “REZA” ), 5Bk
YRR (1 T B ST ATL A S SR R 3 7 P 11 A8 Ak 3R
H B AT “REHPE” e, PIRRHLE )
WIER, FEffHE e g T s 30T mife
LT B 28 5¢ AR A0 LG BR A 1) 3 AR R
(R BRI A /DN i 0 S5 L sh 4
JUT AT BRAEAE I TG AR IR L,
kP SEEG R, AT N I A A7 (1
BT R BRI A S S, AT R
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KU A5 AN [0 40 ol b 4, 5 0 v 470 38 14D £ €S
], FZLJ5UA AT fe A2 AL T S AR 2 AL
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A RIS LU 2 25 A8k, A8 5 R
0 A7 7545 1T bR 550 FEE TR /N AR DU AN R
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SRR FH MG AT e T SR 5 S
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