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Abstract

It is widely known that sardine have population cycles, and that the peak of their populations comes approximately every 60 years for multiple
sardine species in distant ocean regions in the world. Until present, although various environment factors, such as oceanographic and climate
conditions, were studied to explain the population cycles of sardine resources, Earth’s outer liquid core has not been the subject of the study.
The fluctuation of Earth'’s outer liquid core is not able to be directly observed. Available data are those obtained indirectly through the ray of
geomagnetism from the Earth’s outer liquid core. In this study, we used the geomagnetic data, and found out the followings: (i) a statistically
significant correlation was identified between the Index of Geomagnetic Intensity (GEOM) and the Index of Sardine Scale Deposition Rate
(SSDR: from 1840 to 2010) (R?=0.394, p=4.029E-20<<0.001) and (ii) a statistically significant correlation was also identified between the
Index of GEOM and the Sardine Catch Volume in Japan (SCV: from 1910 to 2010) (R>=0.243 (p=1.61E-07<<0.001) .

Consequently, it can be argued that the fluctuation of geomagnetic intensity from Earth's outer liquid core is one of the important factors that
explain population cycles of sardine resources. Furthermore, we examined the variation of sardine resources back to 3000 years, 10,000 years
and 800,000 years by using fluctuations of the geomagnetic intensity. As a result, in addition to the 60-year population cycle, we have found

another population cycle that has population peaks in approximately every 300 years.
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1. 1FC®IC

NEO NS E b T b, kg &R o % e it
WIEELGAETH L. Lot~ A7 34k
BEMD R L&, WL CICRKFZOMICD 7 ) KEE
EROBEFITHE L, BEAFHRMLTORRERR Tl %
THUENHL. DO~ A TV, HtiREEoH
Ll e LCERMATEH SN,

AU Y OfiERL, MR OEE T2 OB O
LR —E T B A RO Z LAY K DL T
ENTWw 5 (Kawasaki, 1983; Zupanovich, 1986; Chavez et
al., 2003; de Souza Moraes et al., 2012; Oozeki et al., 2019) .
T2, INLOFMLTIE, HERBIBL O R O 8K A
BFR ORI TE L0 LT bh, K
Lh N7z, FOXA T VERORENE K
He % BRERROMEITELEL AEL, Hlzidd
FER30°-90°N DM F RO BMES & ~ 4 7 iR
DB (Cushing, 1975), B OKDER SE-EHO
REBEEB L~ AT ViR r OMME CEAR, 199), &
SICARDERD ST 2 ) B OALTE IR F O AR (40°-
50°N, 130°-110°W) % 1600-1990 4 F THiHI L~ 4 7 &
OWER L FOMBERH L Z 2L Twb (Yasuda
et al., 2001). EEE B2 S5 7 KIRRINAS) & <
A7 ViR (K, 1988), BMlmlkoRNALH L <
A7 lEREDOBKR(FARS, 1992), PDO(pacific
decadal oscillation) DZEBh &~ A 7 ViR L OB (5
A, 2007; KE, 2008) R EDH L. T LX) IR

OREMER) 7 EKBEAE), PDO OKIRENZS), NPIO
SERINZS), Mg, SR ENES LY, 0%
S PWIRHBLOFTARER L LTSN TS,

ZOHT, TNETHENEZONTI hrolzr
O — NV A — )V OFAR L L T HUEREEEE O HERTTE A%
M%) b0, THICELTHIEE~YA T 2 0z
By & M ER H s A T) & O BIR % R X T & 72 (Tameishi
et al., 1989; A1 5, 2022). HERHIEHEEZ B OREEkI
DI D350 EM LA, HBRAREE &~ 1 7 2l
BOWTEATr —VOEH EOBRITHERTE L2, <
A 7 ¥ DFEHEDT260~340 JTAEHT (RIH S, 2001) TH 5
ZEIHARNE, BEE~ETES — 5 — ORISR
HWE T, TFrCERTE i, 7B, 46 fEEH
D HERFEAE LUK D 33~42 fEAEHIT 72 & 46 3 5 M ERGEAR
BOEEE, ~ A7 REPSORNESZBZ 5 HE
HodHsHAERREEEZ 5.

BIEIZBW TR OLE) 2 B 5 2 & 13T
HETHY, MEKOER %@L CHfEELT5 (Holme &
Viron, 2005). I DM OZEEE, HEREW D & i MU
RWZTT HERM T THEOE VT =P HLN TV D
(Guyodo & Valet, 1999). MR ZB)IZI1Z, #960 455 1)
DEBHBFAT 5 T EHRBINTBY (Currie, 1973a;
Currie, 1973b; Braginsky, 1972; Roberts ez al., 2007), ~ 1
7V EIRA T 060 B (BA S, 2022) &IKEH A
= R—FLTw5b, T, WEKIREICEBRLT
W5 LT AHW%E0H Y (Hyodo et al., 2011), —HIZBW
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THIRD EBY XA TV ERITABEET) & BERL T2
ZEND, WESIEYA T VEROREEN L L TR
TR DL EEZEZONL. L, WMEOMGRE
WE L7 £ 727 .

R LOBHMIE, BREERNE L CE—RINICE > THl
TEB L OHEERLERD B 5 Mt [ BB O K T d 5 HiBkit
BEOEB L <47 P EIFEORNED) & O BR % FT
FTHILIIHA. 51T, TOHES E OBRE W
L, HEHBETO~AL T L OENEGOB)NZ £ 5
ZLIZEoT, 5HBORA T VEROEIIIHEN TS
Lilhb. BB, AT VBRI EOLH D K
T OTHEMEIIENICEREEAEL, HRWoRD
BAEE RO O R OL WIFRITERED S
WwE LTwb (Kuwae et al., 2017).

2. M#EFE
2.1 HEBEOMBRT — 4 (Index of GEOM)

<~ AT YERBEOEDY A 7V & UK 60 FE o fH
(A7 =) 2 FOBRE LT, MBS HD L
X9 TIORRZ. RHL TR, HAOREERO—D2 &
L CHBAT— 7 23T 5. MEEIZERNE CES)
THRMEOREZRT T =5 L LTHZIBIENT
& Sox4 il (GlEE) L OMBE 2 REHT
L7012, HEREODH S 1910~2010 FEDOMEERT— ¥
2R L. 2oRMomma\iEcTL 2 Lk, <A
7Y RIEREA PR ERER LT 2OICEET
HhH. kB, HWERT— 7 131840~2010 4D 170 41
Zal L CERMICEEE 2 EIMICH 5. EoIoHT
b, WEAMEMIVNEL o TOLIEY, /21355
BIAAKE L o TR EOEHNAOND. 2
NS OZEEE N % HEIC T 572018, BmEZE ks
SHIL ML Y FEELFIWEZRD, ThEiEsT 5
CLICL o THEDT— ¥ 258 (WEERE— £~ ME

$ ; index GEOM) & L CHliit L 7.

—J, <A T DFAH260~340 FERT OF A
EFTH 5 GRIES, 2001) Z&nn, 47 VEHE
DOEFITELZTBEICTH S THRN ST 2 2 & 2 H-A
7o, MRESZBNICBIT AN E LT, R oL, S
e SN WA IRE T — 7 2FHTE, BAE, S~
VYR =T 2y WA E To77 TEEHE T
VI IR S MR SR E AN S T A (Guyodo &
Valet, 1999). ZOWEMAr—VaZEL, T—5%1)]
EHEICH L7z,

22 BEEELTOYA T OAEHEE (1910 £
&) ¥ —4

HARTHIEREIATE SN TR (BRMOKERIE - &
Bl SE A RERTRT © 1910-2020), ~ A4 U VO B,
A 002020 4E F TCE MBI O L oW % & 5 & 3 1]
FFIEL, 1920 20 51940 FE D21 £ % 1 |l H, 1970 4F
A 51990 4F D21 4E il 2 2 [ H, 2011 4F A & 2020 4F O
104EMZ3MHE L, BEBAI3HELELTVS. T
c, BEH OB O FHIME - RO W T,
Bl s KRS0~ 4 7 S8R, ) 7+
V= TR AN A AWTE R R Yy, B & OB AP
D7 VRNV MEFATEA B B AR REE AV — P T
1, —E/NRAIC B CE OB TV 50
FidAONTWDEA, A7 & 32010 44 F TIEIRKPH
TR 2 M % HEFE L T b (Chavez ef al., 2003; Oozeki
etal,2019). EHI, KWEHETOIHKRT 7 INVITREDOT
F VWV iERI (de Souza Moraes ef al., 2012), ANRA VDY
TR Mt gD 7 B) 7 #EfE Y (Zupanovich, 1986) 7
EDWBHIIBNT, ZOWBEREOHIE O & AAH A
WERHB T T 2 ZFHOZ LEHEIhTw b
(Kawasaki, 1983).

Table 1 Sardine scale deposition data (SSDR; 1840-2010)

year Index SSDRIyear Index SSDR |year Index SSDR |year Index SSDR Iyw Index SSDR |year Index SSDR |yur Index SSORIyear Index SSDR |year Index SSDRl
1840 120| 1860 70 1880 36 1900 38| 1920 81 1940 62 1960 1 1980 221 2000 19
1841 122 1861 67 1881 25 1901 39 1921 n 1941 5] 1961 6 1981 21 2001 18]
1842 120 1862 64 1882 2 1902 38| 1922 X 1942 68| 1962 1 1982 201 2002 17
1843 118 1863 61 1883 19 1903 36 1923 69, 1943 64 1963 16 1983 191 2003 16
1844 114 1864 58 1884 16 1904 34| 1924 65 1944 61 1964 21 1984 181 2004 15|
1845 94| 1865 55 1885 13 1905 32 1925 61 1945 59 1965 2% 1985 m 2005 14
1846 114 1866 48 1886 10 1906 29, 1926 57, 1946 49) 1966 31 1986 161 2006 13
1847 124 1867 44 1887 1 1907 26 1921 53 1947 39 1967 3% 1987 151 2007 12
1848 136) 1868 45 1888 4 1908 23 1928 49 1948 29| 1968 41 1988 141 2008 11
1849 138 1869 42 1889 1 1909 20| 1929 45 1949 19) 1969 45 1989 131 2009 10
1850 136) 1870 39 1890 3 1910 19 1930 46 1950 9| 1970 48 1990 108| 2010 12
1851 129) 181 Kl 1891 1 1911 18 1931 4 1951 8 9w 68 1991 98
1852 122 1872 35 1892 1 1912 17) 1932 42 1952 7] 1972 88 1992 88
1853 119] 1873 33 1893 15 1913 1 1933 45 1953 6 1973 108| 1993 8
1854 108| 1874 31 1894 19 1914 21 1934 48 1954 5| 1974 128 1994 68|
1855 101 1875 32 1895 23 1915 3 1935 51 1955 4 1975 148| 1995 58
1856 94 1876 33 1896 2] 1916 4 1936 1956 3 1976 168| 1996 48
1857 86 1877 34 1897 31 1917 51 1937 7 1957 2 1971 188 1997 38|
1858 19 1878 35 1898 35 1918 61 1938 60 1958 1 1978 208 1998 28
1859 73| 1879 36 1899 37 1919 Il 1939 63 1959 1 1979 216 1999 2

The data set is configured as a table based upon Kuwae et al., 2017.
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2.3 BIAFE S HEFE Y SSDR (Sardine scale deposition
rate) ICLB VAT BRET —4

1910 FE LA~ A 7 2 iR ERAT S 1) R4 B 1)
BT LEDVWEETHB05, ZTNLUREICR S LB
AT TF—5 & LCHERERD AL VDT, BIRFED
WS 3 7 SRR O O~ 4 7 2 Oko &% 5HI
LIRULS 2 2 L CRIFERER & L7z, 2 OBHERTRE
DOEBE, BBEAKEOGRREZRTIENY TH KF
FHEOILVEFR 2 H YL - EHER 2R L T b (Kuwae et
al,2017). O3 E L T1840~2010 4E 1, HEDY)
J5 5 @R HERTY (SSDR; Kuwae et al., 2017) 7 — % % ffiJfl
L7z (Table 1).
24 WHREEEYATOERELTEEOHEBEMT
HERREIZE B AT ER O L0512 B3 2 W B3 d % &
Lix, FTIASN TS (Courtillot et al, 2007). <A
7 YERER D SO E R ZITE L LA L
A7 VEROFIGEREBE L, HERE A A 2
WMLTYA T VERICEHBRLTWD S L 2BHT L. £
7o, BRRICEZ HBAT = 2 HFHELTWDL e
5, ZOMSRE—AY MEBESA T VEIRLE LTOH
MERZER B L WA 3000 FEOY A T Y EX Z IR L
L 72 3% SSDR (Kuwae et al., 2017) & O % Bzt
LEHEL.

CCTHBETARE M, MEMEHFICELA T VH
VRZEBh & b 1% 28 B o0 R MBI & )R e 37 % XS B
5. Thbh, OWBKOLEREY, @K 7 OHf
W2k B~A 7 IHEER R L OBMNORR L b D% [H
FRICI T 20501255, ZIUTB L TIE, HReEIEEER
2 O BB ORBEB CERB I NG, T2, <A
7 YVERIEEE L EMO2 BICsT, ()34 720k

(a)

DOHREI D Z NEIZE IR D L  BTAEDORE O FGE D
HefEa e LTRBL, Q) Z=MmiciE~A 7 &R
OBIMBNCE THER] L Shbh, HAEFNEZ &0
HARTE L2 & KIPFPEEICIAATY , MR E) & FRkIC
WERMBIC S5 L) ISR 2D 5. wTFhIZL
TH, TRCHEHE LTHRIHSN, FARHMIILE
W Enz R0 THhr2ers, HEors 7k
LTI LKL 7.

25 BRTE— A2 MEH (index GEOM) &Ev (T8
R (R%4EE - SSDR) OFELMEEIC DV T
HuBR F i D MRS S B D M BRI A B AT T
HDHI LML, AT VEREBEBAERE ORI,
His s LB Z A LR DHErE L 5N 5. £
2T, O< A7 VER (SCV: BifR) LA E
X, SCV & HERHEOMHBIZ B W THIEHE DO EN %
Brovzeskss b, Mgk L HimdE OB A S Hifmd i %
WEBEWwiikielo, MHOKREOHBEZRDZ. F
72, @< A 7 VHERGE IR (SSDR) & WA DA D,
SSDR & HEZ#E OB A 5 H sl E O FE K % B 725%
FEL . HREE & FiEHE & OB B T HEEE O3

K% B\ 725875 & O OF% 2O %2 KD 7.

3. ®R
31 BRE—X> FEH (index GEOM) v 1T &
e (RELREE - SSDR) OZE)E DHEE

WS E— A ¥ MR (index GEOM) &~ A 7 ¥ i
(&P 1 SCV)1910~2010 4E F TOLEEMEIY, B L
1840~2010 £ F TH~ 1 7 ¥ HifE &5 % (SSDR) D1
[M% Fig. 1 \ZR L7z,

MUz X B L index GEOM DRESE— A » MEHAVN
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m—=SSDR

Long-term relationship between index of earth’s geomagnetic intensity (index of GEOM) and Japanese sardine catch volume (SCV)

1910-2010(a). Long-term relationship between Index of Earth’s Geomagnetic Intensity (the Index of GEOM) and Japanese Sardine
Scale Deposition Rate (SSDR) 1840-2010(b). The left vertical axis indicates the Index of GEOM, the right axis indicates Sardine
Catch Volume SCV(a), and SSDR(b). Black line represents variation of the Index of GEOM, dark line shows variation of SCV(a) and
SSDR(b). These figures show opposite trends between Index of GEOM and SCV(a), SSDR(b). Sources: SCV data is from Statistical
Information Department of Ministry of Agriculture, Forestry and Fisheries, 1984-2014, Annual Statistics of Fishery and Fish Culture.
And Japan fisheries information service center, 2021. Tsunagaru information, Osakana, http://www.osakana-hiroba.jafic.jp/.

Index of GEOM is from Geomagnetic observatory, 2020. Website of Japan Meteorological Agency, http://www.kakioka-jma.go.jp/)
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Fig. 2 Relationship between the Index of Earth’s Geomagnetic Intensity (Index of GEOM; horizontal axis) and (a)Japanese Sardine Catch
Volume (SCV; vertical axis), (b)Sardine Scale Deposition Rate (SSDR; vertical axis). (Data; as same as Fig. 1)

Table 2 Relationships between LOD (length of day; 5-yr mean), SCV (sardine catch volume), SSDR (sardine scale deposition rate), NPP
(north pacific primary production), PDO (pacific decadal oscillation), NPI (north pacific index), AAM (atmospheric angular momen-
tum) and index GEOM (geomagnetic intensity). R of C.C. represents the relationship of correlation coefficient

LOD(5-year mean) SCV SSDR NPP PDO NPI index AAM(5-year mean)
(1951-1972) (1910-2010) (1840-2010) (1948-2002) (1901-2010) (1901-2010) (1961-1998)
GEOM
R of C.C. 0.733398* 0.493203 * 0.627687 * 0.328756 0.306663 0.177505 0.428773*
R2 0.537874 0.24325 0.393991 0.10808 0.094043 0.031508 0.183846
p-value p=0.0001<0.001 p=1.606E-07<0.001 p=4.029E-20<0.001 p=0.014<0.05 p=0.001<0.005 p=0.064 <0.1 p=0.007<0.01

*Mark indicates p-value less than 5 percent (It means significance level).

S % B (BEE AT < % B HHI) %78 L7zREIC
1, <A T YOS X OHERE R TR BB NS S i
BRAELN, FITHRTE— A ¥ MEEATK & & A
(MR A% < 72 2 4HI) 2R LZBEICE, ~ A4 7
OER B X OCHERTR B AT A A R L7
EHIT, WRESRE—X Y MERESA T VEREED
BURGM HAT 728 2 5, BERE—A Y Mee~ A4
7R CEIRE © 1910~2010) BT AE R %
R L7z (g% R*=0.243, p=1.61E-07<0.001). ZDH
BI31E y=—10386x+789360 (7272 L, x IZHRESE— 2
vMNEE, ¥y v A U Vi) Thol. QOBEXE—
AV MERESA T DMK IR (SSDR: 1840~2010)
THOHBERMEZ R L7z (JUEtRE R’ =0.394, p=4.029E-
20<0.001). ZDMBEIKIL y=—-04942x+61.231 (Z 2T,
yi3~ A4 7 UMRmEERE) 2RL, WEE B ICAOHE
TH -7z (Fig. 2).
3.2 BSRE—X> ME#H (ndex GEOM) &1 TV &
JRE (fa¥4EEE SCV - SSDR) DBLIMERIDREE
W5 E— 2 ¥ MEH (index GEOM) &< 4 7 ¥ &R
(a3 A PE R SCV - SSDR) & 1E, M ERH ix# B (LOD;
Length of day) % A2 L 72 SEAHBE o T e M % BeilE L
7o, ZofER, OLOD ER % 72587 index GEOM
AT VAR SCV 3 E M E R L (B

EFRBR=0.704, p=1.07E-06<0.001). F 7z, @ LOD %
K% B\ 725575 @ index GEOM & < £ 7 ¥ SSDR b A &
A% R L7z (Peg 25 R’ =0.443, p=0.0007<0.001).
DlozEhs, <47 &R (SCV, SSDR) & HifgA
&, BEFEOFR 25 LOD 2 I L2 B AR C 24
W L AR TE T

4, EBE
41 BWEE—*> MEH (index GEOM) Ev 1T &
FE (R¥4EE - SSDR) OMEMEICE T 3E%

D 5IE, BT — A ¥ B (index GEOM) &<
47 YR (SCV) B X UATE— A ¥ MEE (index
GEOM) &~ A 7 U HEFEE I (SSDR) OTiH & b A
DD B RSNz ZhiZowTo#EED
WXL, HLWEREWR S,

B 512, HWERRAE D HIRET 2 AR L, HiBk
HEnEEB) & R L TWA 2 LT TIE ST
Y (Holme & Viron, 2005), ARHWFFEIZE W T H P trEk
R’=0.5379 (p=0.0001<0.001) OF E R RD Sz
(Table 2).

INHDZ LI, T TR SN T 5Bk Al EE
A=A T ViR CERE) & BIfR L7z (Tameishi ef al.,
1989; A5, 2022) & & LK, HWREALETD <A
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TVEFICERLTED, WL b HIREABE AR T L T PDO (pacific decadal oscillation; AP 4ERBHE50)
HoHIENERELR>TVS. A S (BF5, 2018), @ PDO FALAF- i

ZOZ LiL, HEREERELZBIIRAEOLE S 5k 38, 0 JERE A 7 i (NPP; North pacific primary production)
ELTEY, KD RIS ORAED» S RAE LT DFRAEZEAL L ORICA A (R°=0.4883, p<0.001; %
52DT, MHFILMAREERN S 2 8Tl Ty A5, 2022) BT 5 2 EDBEAFMETHE SNLTW
b, Fio, WHADWAEISLERLTWEZ LT, < 5. KHZTNPPA~YA T VERORMEH %A T
A7 VEROLEHHIR B fim B 1S X B KR5S ER) R 5ZEb, TTIRHARL (BAS, 2022). £/, 2o
OEWRLWEOEEH L BERLTwD (BAS, 2022) O 47 iR (B 260 ERMoLERZ2RTI LD
LRI, MBROZEHL~ AT v ERE AR Rz WG s TBY (BB 1987-a, 1987-b, 1988; Baumgartner

RLIbDEEZONS. et al1992; KK 5, 2005; A1 5, 2022), HLERHIRHEE
42 BEYOEBEEEHLOSDOVAIIREBLTHE ZAL D60 ERI (F4a 5, 2022) EFEEIC, Z D60 4E
HERTEIHZ E) & DR NIRRT AR OL BB L T b EEZ 51D

QLR S BT, KIBE B 2R T E (Buffett, 2014). X 512, MEEIREAEN, WIBRRYO
FIRIZ XD 77 HERD S DRWEFD 5D o TV BED,

(1948—2002) i&I*E$£iEE£%§jaiﬁ_b\%\/‘ 500 ﬁzFﬂﬁﬁil—%‘l‘ﬁ é hf ‘l) Z)
o0 index NPP  y=-0.1054x + 1.2602 . BETH 2.
. . »  REZ0108 . Tz, WERPOYA T VRBERNZ OMBAES)

LAHEEBELZAOHBEED A Z LR EN. oY
ELTE, A7 EIFEE DR b JeiEE o K
IR CTdH % PDO FE R R - KimTEHE CTd % NPI
WEREBEMBRLTVWEZ LRI TIIRRTEY (B4

-80

O IS T I 5, 2022), 25 PDO & NPLIXTH#H & b HABEA: pE i

. < NPP & OB IZE ™ (PDO: R*=0.49 (R=0.70), p<<0.001;

NPL R’=0.62 (R=0.79), p<0.001.) & & 243> T\ 5

Fig. 3 Relationship between the Index of Earth’s Geomagnetic In- A5, 2022). —75. HiZ#iEEZsS) (LOD) & PDO &
tensity (Index of GEOM; horizontal axis) and North Pacific i ) ; . ' e 1 i G 5

Primary Production (NPP; vertical axis). (Data: same as NPI L (3P <, LOD & My a4 £t (GEOM)

those used for Fig. 1 and Tameishi ef al., 2022) LOMHBEH BT (BA S, 2022), MG O
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Fig. 4 Relationship between NPP, index GEOM, SCV, SSDR, Good and poor of sardine. (Data; same as those used for Fig. 1 and Tameishi
et al.,2022)
The Index of Earth’s Geomagnetic Intensity (Index of GEOM) shows correlations not only with the Index of Japanese Sardine Catch
Volume (SCV; middle), but also Japanese Sardine Scale Deposition Rate (SSDR;7-yr mean) from 1500 to 2010 (Kuwae et al., 2017;).
Furthermore, the Index GOEM also shows correlations with modified Japanese Sardine stock status “good and poor periods” from
1560 to 2020 compiled by Sugimoto et al., 2005. Vertical solid line means the good years.
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Fig. 5 Variability of the Index of GEOM intensity (B.C.850-A.D.2010). Vertical dotted line indicates the weak intensity point of GEOM.
Approximately 300-year cycles can be identified. The vertical dotted lines correspond with the vertical lines of Fig. 6.

1 Variability of Index SSDR
(250-year mean;B.C.850-A.D.2010)

Fig. 6 Variability of Index of SSDR (B.C.850-A.D.2010)
Vertical dotted line indicates the high catch volume period of the Index of SSDR. Approximately 300-year cycles can be identified. The verti-
cal dotted lines correspond with Fig. 5.

I RAEAE R (NPP) EOMBESEZ SNE. Lol
FEPHTIE R’ =0.1081 LB WE L ZITIOENS L9
HIEHICTVWEOMHIETH - 72 (Fig. 3). LA L, Fig 4
D 1660 4E VLD EUHE IR OB R 2 513, R GRER
ML NPPIEBEDVH LN THL I ERHBEMEDODH D
(p=0.014<0.05) & b IND. INOOHRRICH L
T, 5BOWEIE NS,

kB, SOICRMZTON MRSV TI,
450 JJAETIT A & B § CHERERBIIHA S MIc S hT
B UM, 2011), 451277 HAERT (B 4002m) O
T8 R IR AL IR AR EDSGE F > TR D, RIS
AR B EPOKINCY ), HEHOHEGIEm IR
RENTWVAS., 2O kL, HWRAREDY T 2 K
1, BRI E 2 Y EKE T O F Y (RO CHREE) A
EL R AMKINCH 720, HEEIIWICEL AR
B L T3 (Hyodo, et al., 2006; Kitaba,et al., 2013). Z
i, o5 AR & NPP & OBRAE DM
HhHIZEE—H LTV,

Uk Z Lo AL, A7 0HERbH
A BRE T A ERLERICHERTAZLICL s
THHEDOBRPEMNT S, WAL E <17 V&
L DEOMHMEZR LD D LELEINS.

20

43 BSTE— 4> MEH (index GEOM) Ev 1T &
RE (R¥4EE - SSDR) OEEIM & RELE)
HREABRE D 60 FE DI L T3 Tl <7228,
SHICRMoREM % Wi 5. Fig. 51, B.C.850 4~
AD.2000 £ F COMBRIME LR LK THY, HT
DBIH % B X AR IE O F W EHDNIZ B.C.770 4E, B.C.470
4 (BI44), B.C.170, A.D.130 4, A.D.430 4, A.D.730 4%,
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