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Discrimination of the migration pattern for Japanese sardine in Pacific

stock by using microscale stable isotopic analytical technique

Masanori Opa' ¥, Tomomi Tersu?, Saburo Sakar’ and Toyoho IsHIMURA®

AT VLY=L YT MWK BB L EREEZT T2 2 26N THE Y, KPEREEO G B8 E <t L m
BT B MEMARORRIC A SN D, 0w, BEREOHNEAREO GRASRERINCHEZLTI») &4
A, ZOHRFBEIEL SN TR, TE, SO AOMFELERMAL (60) KRR L 72KIREIRE D5
TWHEHTH L Z e b, AMT S BEEREEHHNALR 2 WTREMEA S 5.

AW TRRPER O LM QP EMARE, BRENARE) DL OMLE L ixLTFOMAHBZ IR L, s%0» 55K
SN BRI & A BRSO KL & DA IRE Lz, ZoRE, OB & Bl 650 2 6 5 & 7K IZ i #E D
MR 2 W L T ie, S HITRFELEMMMARLL (6°C) bMETEVARINE N, FHOMHE - kFELERMAKIT
RBED RGN A IR L 22 T EAURS NIz Tz, BRIV 7 58 & T b mRE %2 B ICH#R T & %
ZEbiroi.

It is known that there have been large-scale fluctuations in Japanese sardine associated with “regime shifts”. The re-
source sizes of Pacific stock have been influenced by increases and decreases of offshore groups migrating north to the
Kuril Current region. For a better understanding of the mechanisms involved in the fluctuations of this species, deter-
mining the migration history is an important clue. But the method of determination has not been established. Recent
studies have reported that the stable oxygen isotopes in fish otoliths record the ambient temperature through their life
history. Therefore, there is the possibility they can also be used in determining the migration history of this species.

In this study, we employ microscale sampling and microscale analytical techniques to analyze the 5'°0 of the core and
edge of the otoliths of yearlings from Pacific stocks (offshore and coastal groups). Then, the consistency between the
water temperature estimated from the 6 '*0 and the water temperature of the waters they inhabited was studied. As a re-
sult, the water temperature estimated from the §'®0 of the core and edge of the otoliths reflected the migration habit of
both groups. In addition, the differences in the carbon stable isotopes (9'°C) for both groups were detected. It was de-
termined that the stable isotopes of the otoliths from microscale sampling would provide useful information to verify
the seasonal migration patterns of this species. Furthermore, it was also found that both groups can be clearly distin-
guished by using bulk isotopic analysis of the otoliths.

Key words: stable oxygen isotope, otolith, water temperature history, Japanese sardine, microscale milling, mi-
croscale analysis of stable isotope
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~ A 7 ¥ Sardinops melanostictus %, FASE O EE 7 K EE
BCThH (FH, 2012 KEIT, 2013), KB EHEE
FEBEVETEBMOENTWS (I, 1989 ; Kawasa-
ki, 1992 ; HHZ 2, 2003 ; ¥%3%, 2012). ~ A 7 VI3%EE
Ly —2Wnzsmue O, 1989 ; Kawasaki, 1992 5 HI
(37, 2003 ; JE#E, 2012), EALTIE 1980 4FARIZ & %
Wz, 1984 DR 1ZF 4187 b 2 B0 HARDKIHE
BD36%E HEDLIEETHo7 (HAFIEA, 2003). 1990
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HA B RNARHLR & F 72~ A 7 3 Bl IE o H )

FERICAD &< A T ¥R XA LR T
B L7220 (I, 1989 ; Kawasaki, 1992 : FHH113 A, 2003 ;
TE S, 2012 )13 0E 26 20145 K F T A 2014), 2008
2012 FE I IR I BAF 2 IMA BS e\~ 72 & & 2 & F IR AE
JRLAASNT WS (lHEA, 2014 KTFIE2, 2014).

HABHEDO< A7 1%, BIEHZEED RV (Okazaki et
al., 1996) K FEERHAE &M IR RS L, RFET L
WEIREH A T TWw B (2, 2014 5 K T2,
2014). KFFERTEICIE, EHLORL L [IBEIMARE (D
T, W) & [ EmARE (DT, whalE) | 2T
L. IREEEE, UNOBER 2 S MR T TORRET
12-5 B, TR L, KEORWEMOB RN CTAEE
52 U2, 2014). —7, WEFIIMREINERRET
35 TSN L, Mifud BRI X o TR 1% X
n, WX OFEEIEWIE L L 810 A 2 dbiEEH )7
AR O AR Tl I8 (E &, 2012 )11 E
2014). BB EEICHFET AT I 7 by ERfFE LT
FIR$T5ZLT, WMEBROBKEEREIHREIND (
#2012 JII3IE 2, 2014). 11 HICA S E, KiEOKT
PR AL HEE R A & H A& D O MR A O 72 0 T [nl
T (P 2012 J3EED, 2014).

M EBE R TI, BTH > 721930418 & 1980 4F
A2, U0V ORI R 4 A=y 7 i, @i
BINRETORA T IR EIND R L, FEkE THAH
JEAS o Tz (B, 1991,2014 ; /&1L, 1998 5 KT iE7,
2014). L22LAd S, ZoORELERBIIOWTIE, KFE
REEL IR D EARW LIS DS . RIBIRGEREEICD, K
PR BE O BRI A BEICHI M § A B S RO %
IO 5 2 Lk, st EBEITRT OB IRE B 2 ff
T59)ZATEELRFNPY) LS.

WErERMARL (LT, 6'%0) &, HERFEO SIS
BOTHBRELH 2 BT 2 7-00MERE L LRI
PDEizhblzyHuwshTEz flziE, KEREKED PO
2, WEhOHFLRRH L TOLE DRIV T A
(CaCO,) D50 % HHT A LT, Z DK HIEH
B S NZEE ORI KR OHEEH e T T & 72 (Emil-
iani, 1955). REA NV YT AICHLTIEYA 272 A 75—
DA TIRGIT M ORI LD, T CHlELSHEET
& o 12IARR IR O A FEIZ 7 > TE TV b (Ishimu-
raetal,2012). I4E, KEZOHFEIZE ZOFEDIGH
NBIIIRY, REBAIVY Y ATHE SN HEOE R
DSBOEGHT 5 & T, EDOMKDKILEIE % WAES
HZEDTbNAS L )ITH o> TE7 (Hoieetal., 2004 ;
Dorval et al., 2011 ; Kitagawa et al., 2013 : Javor and Dorval,
2014 ; K¥F, 2014 : Kubota etal., 2015). LI 4 ¥y %
AV 5O BONIFIRBERAFNED D D, KA
EEBODIRIEAN T T DY AENLEEPEL 7D
728 Td 5% (Urey, 1947; Urey et al,, 1951). H AL, &%

LBy, —FERENSs L —EEELTHI E R R
3N, OO B, RBREEY EMICREET 5
(F4%, 1994 5 ¥k, 2002 5 P, 2012)
AFEIZBWTHHEAR (1998) 2R L TwD X 91T, 4
R A2 S 20109 5 720 I H A O K EIC
iy > 72 microchemistry O F- ik & H W 72 fRIT DS TH 5 &
EZbNAh. FITARIZGETIE, MEBERHO 2 E -
TV ALKEERFEORFH EMEHOYRAOE AL v
TH#ZLBEORERNAKLIN 21T, <A 7 2 Ol
J2 JEE O B v Bk A AR EIE L 7.

MR EFE

KW TH Wz A 7 RFEERBEL, aEREL LT
20104E9 H 28 H (st.8) & 10H 1 H (St18) = (HEH) &
FERATITE Y » & — YUK EERFZERT O 9—10 H Bk & i =
MABICLDF vy — PO —VHEIC L DV IRIE SN YA
Z, IRREEEE L T20084E8 H22 HB X UN20104E8 H 17 H
VCHIBEETL 2 Byl oo B o i T S 7z Y dh &
W7z (Fig. 1). SRS ¥ Pz d ek Emrse
& 3Rt s . A OB RE O#PE L P, b
4 B @ St.8 A 103-126 mm, 117 mm, St.18 A% 109-129 mm,
118 mmT& Y, iYFEHE D 2008 4E 2% 118-138 mm, 129 mm,
20104EA%105-128 mm, 114 mm Td - 72. RER O KRB

XU IZCTDIC X D e S, A RED St8 K
20 m T 10.0°C, 32.50, St.18 2% /K ¥ 20 m T 13.3°C, 33.02 T
H o7z INFEEETIZ20084FE 8 H 22 H A%24.1°C, 2010 4E 8
17 A2528.0°C CTH o7z, 7B, A1 2 i
ENZKBFTTRHIS N2 0 TH Y, BREKE OKE
1-2m) BAROBEKKEEL IZIZFR L TH S (YR
Ui I, B, I OKEBM v 5 — 28
2008 4F- 8 H 20 HIZFE i L 7= EBMl o7 — ¥ Th ),
W SE 8 O T O LA E T B BT o K
20 m OELAMEIZ 34.04 TH - 7-.

Ha OiFa) lBHE P& 3E & IR R EE O S5 h o b
L, BEEE% AF54FFIACHIE P-LY Y =
FHE) WL, ¥ FR—7%— (600-20007%F) BL T v
Y'Y 774 0A (40007%) %W THAKD S HLH
THEGPHERTXHIRET THEL:. HELZ0%D
R AT IS W72 H A, MEHEAT20104E9 AICERES 1
7oA, R 2008 4F 8 H LS BB A B A U S 7oA
PSRN L-b 0% w7,

HAUEEARY S EFEE~Y A 28 YV (Geomill326 :
WL WEBHEELD) GRJE, 2015) ZHWTEFAYEY R -
Yy b R X ) iR & fal i o B Ak z i) L
(Fig.2), HI D WS N7z K% B L 7214, Ishimura et al.
(2004, 2008) ZHEV, 25°C O E A PN T RL2% D FUS
K VR E SR SERET A (CO,) ®IE ST
CORISTELONZCO, T AZRLTKIERELE
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Figure 1. Sampling localities for Japanese sardine.

Figure 2.

P, TR TS R S P 2 O P 2 s RV AR LU s 43 AT
A 7 & (MICAL3c+ 3 Ft 7 1 — I [soPrime100) I \» T
SBCBIUIBORMWE L. AV AT 2ZdMgE (>0.1 ug)
THERE (0.1%) EmAHER S D TH S (Ishimura
etal., 2004, 2008). [ fi7. A (& [ B 7K # C & % VPDB A
TV TEHREALLT53 (%) TRLEZ. 2B, &L,
S BT (B 1004%) TEOWEIEZ I 70 A —% —

The analyzed samples of polished otolith. Left: before milling. Right: after milling by geomill326.

W THlE L7

FAaosBoflir oKz HiLs 5720121 KD
SBOMEZR M B LEED D L. KD s BOMEIZH S & AHBI A
TwnzEPrmosnTtnsZ &5 (Oba, 1998 ; Yamamoto
etal,2001), AWFFETHWZHEKD SBOMHIE, KiEEO
WarH8mB LAz (VSMOW A7 — V). Z DK
BRLC, MERoFEAP.OE GREE) mENIEO
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Table 1. ¢"C and §'®0 values of offshore group (core and edge) and estimated temperature (Sep. 28, 2010).

Sample Milling Milling width ~ CaCO, 313C (%0)

No. position ofedge (um) weight (ug)

Diff. between 0"%0 (%) Diff. between Estimated

relative to VPDB  core and edge relative to VPDB  core and edge temperature (°C)

core — —

edge 180 1.7 —6.71 -0.92 19.6
core 0.9 —5.29 +0.14 19
2
edge — — — —
core 0.2 -7.85 —1.01 24.6
3
edge — — — —
core 0.8 =7.57 +0.12 19.1
4 edge 140 2.7 —5.98 159 —0.41 0.53 17.2
core 1.1 —6.96 —0.05 19.9
> edge 170 0.6 —4.77 219 —-0.15 0.10 15.9
core 0.9 -8.29 —0.84 23.8
6 edge 50 0.6 —3.76 4.33 —0.46 0.38 17.4
7 core — — — —
edge 170 1.8 —5.49 —0.45 17.3
core 0.6 —6.98 -1.02 24.6
8 edge 50 1.7 —6.20 0.78 -0.79 0.23 19
core 0.6 —6.07 +0.09 19.2
? edge 100 2.9 —6.32 0.25 —0.08 0.17 15.6
core 1.2 —8.34 —0.12 20.3
10 edge 100 4.7 -7.15 119 —0.56 044 17.9
core 2.4 =7.12 +0.14 19
1 edge 250 6.1 -6.95 0.17 +0.07 0.07 14.9
core — =7.16=1.00 —0.28+0.51 21.1+2.5
Ave.=SD 1.53£1.51 27£0.1
ve.£S edge 134.44%65.79 —5.93%1.10 S3LS —0.42+0.32 0.270.18 17.2%1.5

—: no data, loss of sample gas

2008 4F- 8 20 H (2 Ffi L 7= ¥ i 8100 0 35 55 K8 20 m,
34.04) &\, f%DE CBLIIIE) & v oK i BIE 98 BT ©
10 HKFERERAEDOSLEDCID 7 - % (K20 m,
32.50) Wz RGOS, U (R &
DA ERAT £~ % — 2008 4E 8 H 12920 L 721
PEBIIME OS> OKIE20 m, 34.04) %72, HiEKD 6'%0
DFMEL, BTl Oba (1988), #HiiE Tid Yamamoto
etal. (2001) DR % 7z,

B 6'%0=0.203S—6.76 (Oba, 1988) (1)
B - 5%0=0.39158—13.516 (Yamamoto et al., 2001) (2)

ZZTSIIEGEET. HAD IR0 D SR KR~
i, FAOFLER, #BERO 60 % Kim et al. (2007) 2%
WML TiRoBmERICEAL, ZRELOKEZ KD
7.

1000 In «=17.88 (1000/7) —31.14 (3)

a IR RERE LKL TB Y, HAOSPOfE & ko

SBOMENHRD HNDE. TIFMIEEZ/RT. KiROLW
B E ChIEST 2 MAEREL, KROEWEEEICH E %
BEEELTIX, ALK OSvy) ©osB0Id 2=
ENBZEPHEENS 728 (Javor and Dorval, 2014), 73
Vo GRS AT o 720 AT, WA EEAS20104E 10 A2,
WREREAY20104E 8 F IS S 7B AR IR L - H A %
iz, 20 2 G W72 B A O R 213 660940 g
Th o7z, AT, RIS 3 44K @ Dual-Inlet
B2 8 R AL AR FE 72T 5T (IsoPrime100 : Tsoprime f: 42)

AL F—WAEOESAOH A 6 BOMICH = 275 5E
WH LGRS 572012, EFIZOWTE RIS

ELEL2HOERD B0 2 % L7z

" R

HAORLEEBLEBD SPC & 6808 L V% D5,
BRI, AT LR AV v 2 0EEEB X O
HOYHIEIZ DWW T AREZ Table 112, {7575 % Table 2
IR L7z RO SBOIIBGOE TP HEHRE SN, Bl
IR D St.8 A —0.79%0, HL I D M AN 7 25 +0.15% T
Holz. MERLIRFEHOPRLIEBLTDIBPC L 610
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Table 2. ¢"C and §'®0 values of coastal group (core and edge) and estimated temperature (Aug. 17, 2008).

Sample Milling Milling width ~ CaCO, 313C (%0)

No. position ofedge (um) weight (ug)

Diff. between
relative to VPDB  core and edge relative to VPDB  core and edge temperature (°C)

020 (%) Diff. between Estimated

| core 3.6 —5.49 0.65 +0.29 232 18.3
edge 160 1.1 —4.87 —2.03 29.7
) core 1.4 —5.68 0.93 +0.03 1.17 19.5
edge 160 2.1 —4.75 ’ —1.14 253
core 0.8 -5.47 —1.06 24.8
3 edge 100 1.2 —4.81 0.66 -1.99 0.93 29.5
4 core — — — —
edge 170 0.8 —7.03 —2.68 33.1
core 0.5 —7.06 —0.78 23.5
> edge 80 0.9 —6.51 0.55 —1.64 0.86 27.8
core 0.5 —5.32 —0.43 21.8
6 edge 100 2.4 -5.02 0.30 —1.55 112 273
core 0.8 —3.85 —0.11 20.2
7 edge 180 4.1 -5.19 1.34 —1.66 1.53 27.9
core 0.3 —6.45 —1.41 26.6
8 edge 100 0.3 —6.28 0.17 -1.76 0.35 28.3
core 0.6 —6.49 —1.14 253
? edge 100 0.5 —6.83 0.34 -2.09 0.95 30
core — — — —
10 edge 120 0.5 -6.57 -1.57 274
N core —5.73%£0.93 - —0.58+0.61 16+ 22.5%3.0
Ave.=SD edge 120.00+36.53 —5.79+0.93 0.62:20.38 —1.81+x0.41 16=0.58 28.6%2.1

—: no data, loss of sample gas

OWAT % Fig. 31TmR L7z,

MEBETIE, HABO DI OET—0.28+0.51% (CF
¥ B 2), #RLEET—0.422032% CTdH - /2. #%BEB
O L) HIE 1 50250 um CF¥ 134um) Th o7, HA
O BC OEIF LT —7.1621.00%0, #&BHT—5.93+1.10%
ThHol. RREBTIHER oM, 0 ET-0.58<
0.61%0, FFUFT—1.8120.41% TdH - 72. A OYIFIIE
12 80-180 um (EI120um) TH o7z BCOfEIX, T
L BB T —5.73%0.98%0, % 3 # T —5.79£0.93% T & - 7.
OPCHEICEHT A&, MERETIZ—8.347>5—3.76% D il
WALz L, R TIE-S%MEERT 7V —
T =% R IRT oD TN — TGN BN D
D, FAETHETH o7z, HAOHLR L FAED §13C
L OBODESEIZOWVT, WMERED 6CA91.53%1.51%0
CEY = BEHEAR ), 6'%0 A50.27+0.18%, iREED §1C At
0.62+0.38%0, 0 SO A3 1.16+0.58% Td 0, oBC T &R
HREL, SOTRHBRCHEHOBIIPKRELL Rz
(Mann-Whitney ® UM% p<0.05). ¥HEAKMRIZ, WA
HHOH.LERT21.1£2.5°C (CF¥ + MR 2), BT
17.2+1.5°C Th - 7z. —J7, IBEMHOH AN S OB IKIE
&, IO HLERT22.5+3.0°C, ##BHET28.622.1°C T

otz WEROHF ORI & ORI H A
HULE O PRI X D v, & LZRBEOMHE
RL7z 72720, F—EAROH A OHLE & oM s
Kz KL TA B &, TXTOMETRAED I
LD 1.9-6.4°CIVIKIRE /R L7 (Table 1). —F, B+
HE TR O3 KR 3 OB O SRR X 0
b <, F—EATHRIEL T LI DB EHO )
1.7-11.4°C &\ kiR % 7R L7z (Table 2).

RNV Z5H D% (Fig.4), MEHA+0.41=
0.12% CP¥+ MR A), HRERED-0.95£044%TdhH D,
MEHDOIPOIRERI YV EEFEICKE D> 7 (Mann—
Whitney @ UMRIE, p<0.05). iftEREDFE—MENOLEL O
OBODEDFHIZ0.09% TH Y (Table3), £ D I"%0
WIZA B S Y (Paired r-test, p>0.05), AEAHIE
ThHhbIEhRINT.

z =

HHoHLEIEER A Sl £ ToKinz R L TH
0, BRUEIEREROKEZRLTWA. MPEifd, K
D i WA IR 0 SRR CREIN LA T2l =
L7z, 8-10)J] (PREERE) 113K O BLE I T A%
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Offshore group (Sep. 28, 2010)
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Figure 3. Scatter plot of stable isotopic compositions of otolith

by milling sample of core and edge (J°C vs §'%0).
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Figure 4. Analytical results of 6'30 of bulk otolith (Offshore
group and Coastal group). Error bars indicate standard devi-
ations of §'%0.

35 (JI¥EiEA, 2014). MAEBEOBETOMEEKE (17.2
+1.5°C) AHULED (21.122.5°C) & 0 V& v ) #E R,
FRomREBREHTHS. T2, 20104E4 ] TR OML

Table 3. Bulk §'°0 analysis otolith both for left and right oto-
liths of Coastal group (Aug. 17, 2010).

Sample %0 (%) Diff. between
No. relative to VPDB right and left
A :8:2‘11 0.03

B :%; 0.20

C :ﬁé 0.14

D :Ez 0.03

E :g;; 0.06

F :g:gi 0.08

G :gjg 0.06

H 12 0.11

I jﬁ 021

J :g; 0.04

: e
Average —0.95+0.44 0.09

VLI I 0 FT K I 20°C HT R Td ) (HESERE T —
YAt s —, 2010), FAHOEHOMEKEREFEL R
Uy,

L2 L, St8DNLET 2T &g 9 H TR o &KHEK
WiE10-15°CTH Y (kBRI — AL >r ¥ —, 2010),
HA#HAEED 50 5 6 OFKIR & ) 2-7°C 1T L. 2
NEIAMBEICLL2b0LEZ NG, HADELH%Y)
HIT AB502, BE~A 70 R LvzHnTd, HHEE
OYIHIE (50250 um) ZFoTH vy 7Y v 7y &5 %15
7\ (Table 1, Fig. 2). D729, HERDIFTICEK SR
HAD MO R ELHREKEZEH T L1050,
PSKEPRERO KR L VR oz b L figEsh
L. AT BRI S IR AR BRI M T A B
(2, DS X Y KR O BB 2 I HIRAET B R
KA M) =<2l Ul EhEEST 2 (A - AR, 1994
g, 2014). L72A%->C, FREMRERT O FIITIEK S
NEEOLA 70 FYNTH YT 7 LD H
5.

BRI, WMOBERM S MBI E TORREET
12-5 B2 TREEII L, KO i\ B 0 e 18T AR
T5 OUED, 2014). Z0 720 OM#ITIZPE VIR
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Kind LH T 50T, JbE (22.5%3.0°C) &£ D #LER
(28.6%2.1°C) THEIKEAH N 1%, EitoHAIR &%
HAWTH D, 200844 H T O SN OTER 2> S Z)I I F
TORFIOREARIRIZ20°0CHIZETH D HSERRY —
EAt s —, 2008), HLEOBEKIEIIHN L b FE
L, F7z2, e EofEs 24 REo 8 H
TA O FREKIIE25°CHIRTH o 72 (EHHT—E R
& —, 2008). HEKD B0 DIHEEREE, HASHEO
WAEiRE (£0.1%), KEBEORHE (2°CREOFRESL
“ it Kimetal,2007) 2 EET 5 &, HAsS0HiEE
L7z2KRIEBBL RN L BEAGNTH L LR 5.

VKA E A OV SIS E B 6%01%, EFEDIE)
PIREREL D DAEBEICEWEEZR L (Fig4). Zolt
&, MEEEOIF) NRREEL D DIRWIKIEEREL Tw 5
CEERLTBY, BEONLVZHHICB T R % I
WA TELZ bl T2, VEHOLELER
DSBO T BRI LT e SABEBEEN W L DT
AN, AMOHEAGHICHVEAELSOHAZ VT
DEEN LW ENHLNE Rodz. T/, ACKRPEERIEE
WCHABT 20 7+ V=T <4 TS sagax DNV 7 5347
(Javor and Dorval, 2014) CTH DR TH 722 & »
5, RONEOEWIHERH L L VR D,

AR TR L72EEE~ 4 70 K1) b & R %
ERPARE R Y AT & 2 MG b 7= I )
AT, ECKEEE T2 OBEARO KB RE & MGE 3 5 2 & 28
WHET, HAOHMEmZZRAND 20 @kE~x A 70§
1))V % O CHEBEIE % 47 2 I XRER N we U 7z K E R
OHEBLTRETH L. L L, TOTFEISERE - mkeE
DGR TIEH D S OO, wEEE LR & R - 3
BEETL2DICKEOMEL LT ZIZEAMETH
5. F7 BEOREVWKIREILOZOIZZ, SHBAkoY)
HIRE ISR 122 > TRIBRE T T 2 L8 XD ), &
B TR L OMRE 2 RS 5 720121 HE ISR -
TRVWHEAZUEIT 208D L. €O, H—EREL
L CRDO R OB A% F v TR EE Tl 2 THh
L HE NV 7 5T & B 10-100 URFREE 124 L CTHrv, K
FOEEREZINRT 5. EERE LT, NV
W2 & D KRB AR R & K IRARBR AR AR & 3 e S A
oW T—HBHI L, &9 —FHOH A% THiA L7
ARG 5T 24T, SRR 2 KIRB R 2 03 5 D258l
EITH 5.

B, AFEENBREREECOH LT, £HEORE
MR 221203, F9RERRE ) < VR DMKD
PO ZHET HUELNH L. BAE, AR HIED S
I T BN TUIRFEFEMD X 5123555 %0 &3k
DLWERANBE LN TRV, 20720, FTIEHICHE
K &L Too % HIRMET 2 LEND 5.

OBCHEICBIL, MWAREAIL < /B LDk L Cift R

TEZo07 V=712 F & FHMHAA LN (Fig. 3).
T/, PR EBEETD6BC L oo D FESMEE, SBCIE
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