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Introduction

Unustlal animal behavior bcfore carthquakes havc long becn sttldicd

ih Asia(Abc,1934;Blophysics lnstitllte, 1977;Rikitakc, 1976;

Bllshirk ct al, 1981;Ikcya, 1998),bllt rarely believcd by VVestcm

geophysicists A lι ビge number of reports on unusual anirnal bchavior

before thc Kobe earthquakc h 1995, Japan, v/crc collcctcd rctro―

spect市cly(｀ radatsumi,1995)Similar reports iom citizcns wcre

collccted aftcr thc lzmit earthqし lakein Turkey and 921-calthquakc in

TaiWan in 1999(IkCya and Ulusoy,2000)The birds wcrc said to
htlvc disappcarcd from thc ncighborh00d a fe、 v days bcforc thc

CarthqLlakCS and thc sky、vas untlsually stary in Tttrkcy S、 varms of

earthworms appeared and decp sca nsh,多 ‐αι力″′′′
‐
`′

S′Sたノたα
",α

ι
,

Callcd lllessengcr of dragon palacc and carthquakc nsh by Tai、vanesc

pcoplc,wcrc captLlrCd bcforc thc 921-earthquakc and beforc its aftcr―

shocks Most scicntists arc skcptical of such prccursors as unusual

anilnal bchavior and cOnsidcr thclll superstition and aftcrthought.

The untlstlal anilnal bchavior v/as carlicr attcmptcd to be

9XPlaincd by a hypothesis of scrotonin syndromc causcd by chargcd
acrosol cmanated iom thc cpiccntcr(TributSCh,1982).Rcports on
oricntatiOn of nsh and silk、 ハ/orm before the Kobc carthqtlakc stlg―

gested that unusual aniinal behavior might bc rcsponscs to pulscd

electromagnctic(EM)waveSi they aligncd pcllpcndicultt to pulse

clcctHc ncld in a simulation cxpcrimcnt(IkCya,1996a,b)ThC elcc―

tric neld intcnsitics of thc preseismic EM Ptllscs at diffcrcnt loca―

tions arollnd thc cpiccntcr ofthc Kobc carthqLltlke in 1995 v/ere csti―

mated fronl thc reports and experiments of clcctric ncld cffccts on

animals(IkCya ct al,1997)

Storics of spontancous s、
^/itching―

on of radio and Tミ
｀
s and

stopping or rapid l12oving Of qLiartZ― clock hands, which 、″crc

rcportcd to havc occtll■ ed before the Kobc carthqtiakc(IkCya ct al,

1998)and IZmit carthquakcs, also stiggested the appearance of

intense scismic EM、 ハ′aves.Thesc werc rcprodticcd in thc laboratory

using pulsed EM、 vavcsl thc malfunctioning has bccn suggested to

bc causcd by scisnlic electronlagnctic signals(SEMS)of abOut 10

恥′/m2bcforc thc main shock(Huang and kcya,1997;Ikcya ct al,
1998).

Thcse reports linked thc elcctric fleld of preseisnlic EX/1、 vavcs

、vith unusual anirnal bchavior and malfunctioning of homc clcctric

appliances bcfore earthquakes(Ikeya,1998)HowcVCr,thcyね iled

to rcmove the skcpticism of scicntists ovcr linking thc unusual ani―

mal behavior before earthqLlakeS v/ith any physical realitics Most

scientists rcgard tinusual anirnal bchavior as psychological``selcc―

tivc rccognition"linking trivial llnattcrs、 vith carthquakcs according

to lcgcnds in Oricntal ctllturc.Morc pcrsuasivc、/ork muSt bc donc to

prove whcthcrthc lcgcnds on carthquakc prccursors can be treatcd as

truc phcnomena bcforc carthquakcs by sirnulating an carthquakc

v/ith rock compression and fractttre.

Rock fracturcs gcncratc EⅣI Phenomena(Brady and Rowcll,

1986).Only Onc preliminay report on ttllimals is in the Procccdlllgs

ofthe lntcrnational Confcrence on Abnol■ llalノ nヽirnal Bchavior Prior

to Earthquakcs, in 、vhich a small rock of gabbro 、vas comprcsscd

bcsidc mice and thcir bchavior was rccordcd(Gawthropc ct al.,

1978) Mice 100kCd cxhibiting fcar by frcezing posttircs ahcad of

fracturc. Somehow,no scrlous 、vork sccms to havc bccn donc ln

these two dccades sincc thc prclirninary work in spitc of thc factthat

our undcrstanding of brains has progresscd considerably.Interdisci～

plinary collaboration、 vith anilnal biologists with lnodcm mcthods of

physical an(l chemical analysis is nccdcd in this typc of、 vork

The tcchniqucs for detccting pulscd Eヽ /1、/aves havc also bccn

dcvclopcd as to allo、 v ustO t:sc a convenient digital storage oscillos―

copc(DSO),whiCh Was uscd to dctcct prescismic electric pulscs

inducing pcculiar bchavior in anilnals(Ikeya et al,1997a)but failcd

to link thc signal、 /ith thc carthquakc that follo、 vcd.

ヽヽrc have donc somc prcliminary study of unusual animal

bchavior during thc rock comprcssion using comprcssion machincs

in thc construction cnginccring Thc anirnal behavior during thc

compression in some cxperiments was broadcastcd in NHK TV pro―

grallns of``Science Eyc"(Jan 17, 1998)and“ Intcrcsting Scicntist's
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Litc・
｀
in」 aptin as wcll as in BBC Progralll oF・ ・Tolllolro、 v・ 、` VO:ld‐

E:lrt1lqtl:、 kc Anilllttls'・ (Sept.23. 1998)Prog:・ ::nls oFt・ Scnsc oF Dis―

tい tCl・ by G:antt(ltl TV ind｀ ・Supcr Natut‐ c'｀ by R ハヽ/ょ Ison in British
Chantnc1 5(letllt witil tlle tintistinl anil■ .li be11.lvior tli、 (l otir obsrvation

on ihc Eヽ l rcspollses of cainsh and pltints A cat、 lccping at nigi][

wtlkc(i tlp〔、in(1 11lc、 、'cてI S01lowlt11ly、 vhcn Eンl puiscs causcd by dis―

chargcs tt、 ing a｀ /tin cle Gr〔、arF genetator ill thc llc、 tr00nl Shcヽ vell(

ot〔 [0「 thc i00nl .in(l canlc btlck stilprisingry ぃノitll the sock、 ()F thc

o、 vncl in l,cr illolitl〕 Tllcse ハヽ/el‐e 6inneci for thc TBS plogl■ 11l of
・・Faniaド tic AIli:11:、 1、

｀`
 S1lnkesュ :1(l bcctics slceping in、 villter calllc otll

by the EやプI PtliSCS Gellcral pt:blic tlnてi thcrcFol‐ c llltlSS lllCdia alc vcly

llnttch il,tcrcstcd in illc topic、 btit scicntists tll‐ e lcittctant lo(lc■ 1、vitll

thc nlattcr in sctcntinc journals by saying that whtu ltty Citizcn

obscr、′cd can■ ol bc thc oLDjcctヽ oF scicntinc、 tudy

No e、 Pcrilllenttll 、volヽ k ll:ls bccn ptiblishcd o:l tile llctlroli ans_

nnittcr、 or anilll■ 1、 sho、
^/i:lg ti:lttSttal behavior c:ttrills thc CO:1lpl Cヽ

Sion

all(l fr.lctulc o「 locks sinatllt、 ting ctlrtl、 tltlをlkeヽ  P:esellt inter(liscipli―

nal)′ ゛ヾOrk ll、 Rdc lil co‖ .lboititioll bct、vcCll VCtCrinary physicllogi、 1、

COl)ヽ tltiCtioll cnginecis t11ld p:lysicists desclibcs the ObsclvtltiOn Or

E～1,vtlves.:、 cotiStiC cnll、 siolls(AE)logctllClヽ ハ′itil thc obsclvtllion of

the bc11.lvlor of sevelal■ 11111lals dttring the conlpl・ csslon and f:そ 、cttlTc

of abotlt 25 「ocks using a 200-ton an(1 500-lol, conlprCsslo11
nl.lcllillcs Cllenlictll analyses oF blood Pl■ sll10 0F l:lts pl.lCcd ncarby

the conlP:ession nlachille intlicatcd rt・ (lticed tldlenalinc and

ellhaliccci:lortldl‐ enalillc,11le S:lnle leSponse as ctlt:sCCi by the e、 Po‐

sure to EⅣ I wavcs,

Experi11lental

Rock an(l anilllals

Rocks of granite, nlarble and bttsalt oF tlle size 15× 15×30 cn13

atiachcd witi、 stitin gauges and Piezo― eleinents for AE wcl℃  「i tlc―
tt:Ic(11lsing a 500-lon conlPIcssiO1l iュ lachillc to silllul.ltc earth(ltiakcs

GlιllliliC i ocks、verc lleatcd at diffel℃ ni tenlpcraturcs or 200、 300 and

400° C or inlnlcrse(111、 、v.ttcr lo sttldy llle crrcct or llloistures

T｀VO bLldgerigars、 six,ats and si、  11licc 漱′ele pl.lccti in ctiges.

tヽvo ccls ill aciL:.ll・ itiins and clcvcn silk、vOinls at a distance of 1 111

f10nl tlle rOck T:〕 eil‐ bchavio: 、vas rccor(lcd 、vith a viclco calllcr〔 1

Co11、ciotl、 11lalc Splagtlc― Dawiey :ats.250-350 g in 、veight. were

al、 o ttsc(lin the e、 peiinlenl on tlle bloo(l analyses

Analysis of blood plasllla

The vcntro11lcditl:1、 ypotil.llan、 Llヽ、ie,a lo、 t,■ 1!ccnic: of the sy11lpa―

thctic:le:vot:s Systcnl,、 ぃ/as perfttscd、 vith tile altincitli cclebrosplilal

iui(1(NtlCl 147 nlM,CaCi2 2 3 nl～ 1.KCll mヽ4,pH 59-60)at 1 0
nヽ :/nlin tsing a nlicroinision PunlP(CⅣ lA-100).Peritsate was col―

lected into EPpcnd01f tubcs tcpt on icc anc111lcastircd by tl high prc―

cisioll licl[licl c1lronlatogr(lplly (C)1ltt、 !li et tll、  1997) Acirc1lalinc、

noltldrenaline tln(I selolonill in bloo(l ttlken fl‐ onl plc‐ canlit11.ltcd con―

sciotis ltlisヽvele lllcasurcci beroleを lnd ttド ter the ritictti:℃ OF granilc t11ld

also bcFolc tlnd altcr thc expostl:e to Eヽ 4 wavcs at 200-300N/1Hz
E、 perinlcnts wclc dOnC Fo‖ owing ihe‐ Principlcs oF Aninlal Cal℃

・`

and othcr regt:lalions

Detection of electl‐omag:letic(EM)waveS

A one― ttil‐■ 100p antcnnt、 rcso1lating at 228 
～
IHz 1las bccn tised to

dctcct E卜 l pt:Ises、vith tl wicle‐ band anlPliliel‐ and i stolagc Oscillos―

COpC(IWatsu TSS■ 22)with a bandwidth or 400～ lHz An ttctivc rod

lιntcllntt wtis cOnnCCted to a boostcr tl,(1 lo an clectric held― ■lctel‐ :、 t

30ヽlHz with thc bandwidth of 9 kHz ln sonlc cases、 all detector、 、

tlninlals alld thc sanlplc l‐ ock as、veli tls:cCOl(ling vi(lco canncl‐ をt wclC

placcd i:1、 itlc thc i nll■  thick altlinilltlnl shicld box o「  tllc size

1 21× 1 16xl_2i n13 、ハ/1lich covcl・cd ihc hea(l or a conlpresslon

nl.lchinc_メ 1ゝ10tllcl looP clntcnna.1llc stotagc OscHloscope and llloni‐

■,おて
'`″
S,1わ/1F,″て,ギ

lolilng TVヽ ′cre plを lced ot:[、 iclc tllc shicld io ob、 crvc tlle alllbielll E卜 /1

noi、 e tt11(l tilli:1ltti bchtl、 iol.

Restllts and discllssion

Colllpression an(l fl・ actul・ e experilllents

Tlle 、11:lill :,lc rett、 e(l linc:、 riv :ls tile lond ilicitaヽ C(l The rock 、va、

ぬ‐:icttt:e(1 ヽヽhcll thc lllnd 、v.ls close lo 300 1on、 (sti eヽ 3 0F〔、botit

i5)〈 10S Pょうwith、 1ltlin or 2× 10‐3B。lh ENlttnd AE pul、es、 elc gcn―
crtltcci by tlnc co:1lPressio:l PIC｀ ulllttbl)′ (ltle lo lllicrolヽ .lcture oF rock、

Ptlises o「 ENI、、rtlves htt、`ing all en、′elope oF abotlt 30 1ls in、 viて lth tt!、 ci

11llcnsiぃ |。「 10-50 nlV/1ュ 1ヽVCIC Obscl veti ttt hisher li ecitlcnCies thi、 n

100ヽ4Hz「 lo:]1 !0 11lill(60 tons)T1le backglollnd level lo、 vcr tha11

30 MHz showcd no chtul=c during the e、 pelinleni Thc AE was

(lctectc(1 ,lon, 35 nllll. nlLIClヽ  itlter t1lan the E卜 ′I 、′t、 vc、 tlt a Sllai:1

1.llこ cr thiln i 5× !0‐A Fittirc i shO゛ /、 the obscrvcci strcss.stl.li:1.AE

an(lEヽ 4、′.lVCS tlヽ :1 ltlnt‐ tio1l o「 liille t、 ltct ille stt、 it ol conlPteSSiOn.

Anilllal bellavior an(l EIRI、 vaves

Allllllttis、 Vere acclinl〔 ltizeti、ルitia the envirollnlcnt beForehtlnd to sec

thei: belntivior dtiring conlples、 i。 1l They 、vcrc conlplctely illcl‐ t

granite
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bcl'olc tlle conlp:‐ essloll.NO clistinct dittclcnce in thc anilll■ l bchav―

lo「 、″tt、 obselvc(l(1ヒ lrillg thc lヽ。ck conlprcssion in a siloll tilllo or 15

:lnintttcs F!Onl tllc stal・ t to thc llacttt!℃ at abottt 1 5× 10｀ Pa:the col■ ―

prcssion ratc was 10/Pa/nlin A slow rate cF strcss incrcnsc orttbout

25× 106 Pa/11lin、 vtls ncccssary l10nl the sinlt or conlpiessio:1(o thc
ll acttu‐ e to gcneratc the tilltts.ll.lnilll.ll bchaviol and EN/1 pt:lses.Fig―

t:re i tliso sho、vs thc bell.lviol oF scvcrtll ani:nals as ■ 1't‖lctiOn Or

C011lprCSSIoll tilllc.

Btltigcligals i、 vittcrc(l tin(l ntlttcrc(l oul o「 11le polcll as indicated

by (lots and opcn circlcs、  1℃spCCtivcly  4ヽicc looked 、ca:c(l by

c、 hibiti:lg rieczing postt:lcs as rcporte(l in tlle carly 、/olk

(G(1、vih:Opc ct al..1978).Siecplllg l■ lis uFOkc LIP,S100d tlp.lookc(1 lo

kccp vigil.grool,lccl l cstlcs、 ly、vhc1l thc lotld on thc rockヽ ′as tibove

60 tons Thcy also washcci thcll‐ ぬcc nclvou、 ly i:ll!lc sュ 11le Way aS

tin(lcr thc stillnttli oF pt:Iscd icld or 2 V/1n applied lo the、
`et lool

(lkeya ettli  1997b).llld c、 Postile tO EN/1、 マ.lves ofそ lbottt 0 01 W/■12

anci to EN71 ptllscs byて lischtl:gcs tlsi:ng`1ヽ /■ 1l dc Gltltι ドF high、′oltage

gcllcitttor(IkC)′ a、 1998)Htlnlstcls gl'oonne(lt、 nd thcll bit each otllel.

、′hich、 vcrc also cattsc(l by clectlic stinnti‖ (lkeya ct al.、  1 997tl)alld
:Ct1 0ヽ Pecti｀

′Cly lcpo「 lc(i to havc been ob、 crveci bcl'orc tllc Kobc
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11lain   rttpttlre   of
grallitic l ock

Sonle plecursor
phcnonnclla obscrved

by lay pcoplc, 、vhich

、/elc  said  to  havc

occurrcd 8 days before

and also nonl aた w
hot1ls  lo onc hotlr

bclble tlle Kobe carth―

Cltl・lke, nnight thLIS bC

cause(i by tlle pulsed
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et、 l(hqtl.llく c Thcか′ stoPPcてi thCsc ttctiヽ 'itics t、 Ftcl lhc tlacturc of thc

roclく

Thc(lctccti011 01'Eヽ ,1、 t、、.es ttcco11ヽ !)ttnicct thcsc bclltlvlors、 、c‖

bcr。 lc tilc rl[lcttllc ttt abotti 300 1o1l Ecl、  nltl、 c(l lCStles、 ly tinて l

lookctl as ir shockc(1、、hcn Eヽ 1、 avcs ttt thC tt:lle1lntl、 、、
.elc(letcctetl

i1l osc‖ lo、copc tls sho、 、1l ill Figtlre 2 TlRc ctllibitltioll intiictltc(l thtlt

thc intcnsity oF tllc Eヽ l ptll、 c、 tド abtlut 2ヽ '/111 ヽヽ1ヽ ich is abovc thc

stlttlittti01l lcvel of tl:oct alltcn11.loF0 7 
1ヽ/11l ant1 lc、 、lht11l tht1l oF t、

Wil::皿ll繁1,kW∫導ツl:Tll∬ l:Iill:黒 :｀ま1品|《
agitate llc sc■ 1lons in thc Kobe― Qli Z00 and clocodilcs in thc
Bt、nana― Allist1lo「 Garden(1997:1)Cttlド ish 、lth clcctlo、 cnso「 y

O:Stlns 、、′otlld ttlso bc tl=itatetl.but the elcctlic lleld wtls lc、 、 thtln

nlal gint、 l inte1lsity「 or oldinary ish io rcspoll(1l oldillalゝ ′iSh tlli=lle(l

or shockcd ttt ttboLlt 10 V/111(lkeya ct al、  1996).

Allllllュ l behaviol ハヽra、 1lot Cletlr t111(1 11le detcction oF ENl、vavcs

、.cre not p:onll!lcnt、 vhcli glallitic l・ock、 alllples、vcrc pre― hctlteて l at

200-500 
°
C or inanlerscd i11 、千を、ter for 12 1lotlls bcFore thc e、 1)cri―

nlent. Slight ENI Pt1lscs an(l littlc untlstl.ll lDehtlviol・ 、ぃ/ele obscrVed

、vhcn btlstllt an(l nlt、 !blcヽぃlele blokcll

It is(liFFictlit to link thcsc rcst:lts diiectly 、vith tile rcpolted

tlntlstI.ll anilll.li bellavlol berorc calthclutlkCS C011‐ elating taninlal

bchilvlo「 、vith(lctcction of Eヽ /1 ptllscs is 1lot stiaightFol、 vtlrd in thesc

c、 perinlents、 tlloLtgh Eレ I Pulscs are so far consi(lel e(l to bc thc lllost

probt、 blc cause of LHluSual ani11lal bcht、 viol Ulldctcctcd 、vcak 、́E

sotlncis 11light ttiso bc lcsponsiblc Jtt(igillg sonlc allinlt1l bchtivior:、 s

unusual waS also cllticizcd lo be suttcctiVC and not scicntinc

He1lce、 chcnlictll stibstanccs ill ltlt・ s b10od、′cl c invcstigttted to kllo、 v

thc chalnges bcFore and tlfter the c、 Postl:CStO EM、vaves and to lock

cOnlprcsslon.

Analysis of rat PlaSIna

FigtlI‐c3sho、 vs that thc collccntl atio1l of plasnla lloradrc1lalinc.an

inclicatol‐ of a statc of excitclllcnt.11lcretlscd both tlfter the ri acttllcs

of granite and tlftcr cxpostlle to Eレ 1、′avcs.In contitlst.adrCllalillc

、vhich is an llndcx of tincasillcss.(lCCleascd sonleho、 v aFtcr both

cvents The ltltter is ielcascd Flonl thc tl(llcntli nledtllla by a stinltlla―

ti6n ol: thc synll)tttllctic nervotls systclll Sttltistictti nlulti■ lclo「

そ、nt、 lysis of v:、 riancc and Dt●lcants lllultiPic l■ lngc test i1l thc stl‐ ess

を、nt、 lysis、′cle tiscci by settilig thc signllう ctlncc,ノ
'=005(()1lta:li ct

al、 1997)

The rcsponsc lo Eン Iwをtvcs and to thc conlPresslon oF grtlnitc is

dililcrcnt flonl thc lettction to othcr stlcssCS StlCh aS hetlt,soLinCtS an(1

1ight Thc(letection oF conventiollal I)hysictli cltittntitics is lllll(le、
′ith

aP・ li tiCtilt、 l olgt11l alld its ncivous systenls.bttt ttl1 01gttns tlnd thch

nervot:s systcnl、 vot11(l bC clisturbc(l by thc ct1llCntヽ vhich EトンI Pt11、 c、

i11(ltlced Adrcnalinc nnay bc(Iccrct卜 cd by Eヽ 4 pt11、 cs by thc lc(ltlc―

tion ofthc scnsc o「 t11lctlsillcss

Hypoth`、 lttnlic conccntlatio1l of scl otoni11,nortl(lrcnalinc alld γ―

alllinobtltyric acid vヽclc nuctし latc(i by c、 Post1lC tO Eン I 、vtlvcs ttl〕 (1
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Ani11lal bellavior and EⅣ 1 1)lllses
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nlticilillcsヽ ′illl the sinlt1ltallcoし 1ヽ (letcctio1l o「 ENl、vaves at the loop

all(1lo(l t11ltcnntlS. Bot1l phcnon,ella stt11■c(l altel lllole than ten ll、 in―
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and gcnclation of EM waves arc coninlon phcnonlcna bcttrc nl,

をlt tl111.1 low flcqtlcncy(ULF)of 0 01 HZ Obsclvcd bCfOic thc 1989

Lonltl Pricttl ealtllqtl[、 ke sttlite(1 12 dttys beforc and pcttked 8 dtlys

bcfore,sonlc tlLlieSCcncc Fo‖ o、ved and thcn inacl a peak a fc、 v lloし lrs

befolc tllc cttrtllqtlake (Frazlcr― Snnitll. 1990) Thc tcndency oF

tl nu stl`11 a1linlι ll behtlvior and genertltion oF EM pt1lses dLtring thc

conlplesslon c、 pclilmcnt fono、vc(lthe silnilar processcs in a diffcrent

tinle scalc The EトンI ′ヽaVcs at ULF bcFol・ c cal■ hCltlakCS nlight litlvc

lesulted flonl an envclope of ovcrl.lPPing E～ I Ptilscs

One ofthe ottcctiOns tO thc wOrk on thc unusual animal bchav―

lor was the abscllcc of tllc obscrvationttl dat[l ofilltcnsc EN/1 signal as

observcd in thisヽ /o「 k Etlltll potcntial nleast:rcnncnts as kno、 vn in the

Greek VAN nlcthod gavc 10 5 v/nl fOr nlagnitudc o-6 at i00 knn

Fな
``′

′3 P′
“
S″ ,“ ′みで′sげ ″ο′・αrr7 α,4′f″ια′,″

“
″′・
`″

α″′:`ル7rル

ク′οο″ノ
“
s′,7″ イ′

`rS bけ '′
ιrヵι εο′″′′・′SSfO″

“
′7″ E7Vf′I″οs″′θ

ιψθ′・I″ι″な(A:′θθ%,,イン
`″

′ψοS“″ιrο Eν wα″s ar 3θθ″″〔

α″rr fθ  ll′ /″12(3)α″″ ′ο g′
“
″″ιル″

``:″

・′ :イ Sル:g 
“
 5θθイο″

εο″:′′・″S'ο″″
`“

εカメ′′θ((り.rヵι′′,′α″Sα′ノS了′′7rrrr′ゼ′′・′。′Soノ」■

“
″′J77“′S″″g′ッο″″′r力 rヵιsな″′ε′″

“
0く θ・θ5,妙 αsたrIStS.

〓
Ｏ
Ｅ
ｔ
ｅ
Ｆ
ｏ
、
α

いＯ
Ｓ

全多タ

Dど (′′,7わど′ 2θθθ



～
Itlgnctic tlllonllヽ lics oF 100 1lT bcrorc a big earthtluakc、 votlld col・:℃―

spOntt to the etcctlic 6eld oF 30 V/!1l iF that is lllagnetic iel(l oF EヽI

wavcs lt nlust be l,otcd that thc clcctiic icld oF 2 VAnl.te.thc nlag‐

!letit‐ neld or 6 7:lT dttritlg the rock co!1lPrCSSiOn in this、 vork is For

puiscs with thc width nluch le、 、than().in、 using disital s(ortlge

o、 ci1loscopes Tllis ilitc:lSity is、 uFricic:11ly lligll lo stirprisc scn、 llivc

tll、 l111■ is(lkey:t、 1998)It is kno、 vn tl、 tlt〔 ltlttatic tllli:1ltlIS iike shtl:ks

tl:ltl Cttili、 !l w itil clect:o、 ●:lSOry olgを 1:l ctlil(letect i()‐ )V/1,l to cttptulc

l)l ey ttllinltlls all(1 lo conllllt::lictltcヽ
ritin cach othtlr tB.tStian l'tpl)

Scllsitivc .lniinl.ll、  likc b、 1(lgclital tt:ld c:ocodilcs sho、ved tll、 tlヽ tt.ll

bcl、そt、′ior by the licld oF()3V/1n l(1,lttgnetic neld or i :lT)lk)l the pct―

sistcncc oF 0 1 :11ド

Conclusion

Untistlal ani11lal beha、′lor dtlring the colllplession oF locks 、゙′as

obscrvcd together、 vitl,(letection or Eヽ 4 pulses andぃ las conil‐ 1lned by

blood antllysis  NIonitoring scisnlo― electionltlgnctic ptilses and

detcrnlination of:lleil sotl:｀ ce tising(〕 PS(Global positionillg systc:11)

clocks shotlld bc inladc lil real tinle by rcnloving EN/1 noiscs dtle to

lighining a:ld 11llillan 411tifact Sorlle stolagc o、 cilloscope、 vith a trig―

ger levcl sllotlld be tlscd at a lligh sa11lpling ll‐ cqttcncy of at lcas( 10

嘔ヽ[Iz ()ne can dctcct ptllses、 vitll tlle widtll or abotit o i nls 、vhicil

have bccn bloadencd dtiling ptopagatiolll a lligh icqtlency co:1lpo―

1lel,1(lccays tltle to a sill■ H skill dcpt:、  Tllcse EN71 ptllses、 ャill bc t:、 ed

a、 an cal・ ly ealthclt:.lkC｀〆nining to lcdtlcc stlffei11lgs accolllPanying

the disaster thottsh the e、 .lct tillle oFeartilcitl・ lkCSヽハ/oul(l stili be dilifi

ct:it to plcdict 、́1linl■ l bellavior silllilar to thosc indticcd by ptllsed

clcctiic ield and Eヽ l expostileS anCI so by lightning in nat、 trc cotlld

be a tiscFtll wa11111lg to lay citizells in eartlltltl.lkC plonc aleas even

a(1:ilittillg 【1lc (liFFicttities oF detellll:1listic cnl,111〔 luake p:cdictioll
は、ing tllcsc EN/1 signttis.

Ackno神71edglllents

Wethank Prof N K巧 iwara tt Kobc Wonnen's College,nlenlber、 Of
the l.lbol｀ :、 lory lor tilcir hclp.Dr Ktl:1(lu fOl his criticttl retl(Iilng oF the

nnctntlsclipt ttnd tlミ c K`、nsai Energy Rccyclc Research Fotin(lation

(KRF)lol・ the Gl‐ant 1998-2000 Vヽc also tilank tilc lcた rce lor con―

st rtlt‐ tivc conlincnts and st:38cStiOns

ReFerences

Abc.N. 193■ .0:1 lllc bchilvior oF ctttlisil i:l rcsPo11、 C tO gtllv.lilic stilュ ltlli:Sci

Rcp Tollok,Inlp Univ BIoi v IX pp 87-96
8tt、 tiall.」 (1,94):AtiualiC●1linl:tls with c、 tilordinュ ty scnsitivc clcctric

ieccptol、  Phy、 .Todtly 47.30-37

Blopllysics lnstittltc、 Actt(lcnlictl Sinictt cd  1977.All:,1lals lnrolllls Eを lrtil―

(luttke:Bcling China_Japit:nesc tran、 intion P“ bliShC(l by Nttgasaki Pttb―

11、 llcr

B:ndy.B T t11ld Rowc‖ ,G.A.l'S6 Lttboratory in、 ′cstigation or tllc elcctioヽ

dy:■ lnlics oF:ock llitctt,rC:N:ltu:tv 321 pp 488-■ 92.

Bu、 :lil k、 RE、 Frohlich.C .ln(:L:tilltl G V.1,Si.Unustl:tl:ininl:ll bchavior、
belot ea:thqtiakcs:A rcview of possiblc scnsoly nlccht、 nisnlsi Rev

Gcophys.&spate P!、 ys_v19,pp 217-270

Flazer― Sll、ith.A C Bcinardi.Aヽ lcCrill.P R Ltld(l.～ IE.Helli、 vell.A and
V‖ Itll(l OG  l,90、  Lo、 ' よ、tltte1lCy lll.lgnetic held l,lcistll enlents:lctl!

tllc cpiccntCr oF:1leヽ 1、 7 1 Lollltl PriCttl ettrth、
lu:、
kC Ceoph)′、 Rcs Lctt

v 17.pp 1165‐ 116S

Ct、、.th「 opc Vヽ H John、 On R_ H:、 bcrnla:1_RF.andヽ Vyss NI 1976.Pre―
li1lli:1:try e、 Pcri1liclltヽ oll bc:1::viol oF:llice beib:e rock itiltire in tabor.l―

lory.in Proc Abn()111lal Alll:1lal Bchtt、 ′ior Priol to Eaith`it:nkC｀ tu S G
S)pp 205-212
Hu●ns Q andlkCya,N1 1997.Elcctric ncld cntct、 On aninlal、 :Nlcchanisnl

oF scisnlic tul()1lla10us tulinュ :、 i bchtt、′ior(SAAB):E:lrthlluakC Rescttrch in

Cl〕 illav il PP I()9-lIS

lkc、 11ヽl Ttlk:tki S&Taktl、 hi:13izu S 1996● Elccヽlc shocks iDr sci、 n3ic

tllli!、、t、 I tl:lolllalotis bclinviors(SAAB、 )」  Pilゝ′、 Soゞ  J:lP`ミ nV 65 pp 710‐

713

:kC).■ l` Hurulti H An2tl H and Kali、 ■lrtl.N(1996い : Elcctric lietd
clltcl、 oil !:ltS tlnti 、

l,コ
11。 ｀`.ヽ  lk,1 、ci、 inic :tnilll:11(lllollltl10tis bcll:1、 ′io:

(SAA3)」 PllJ AppI Phy、  、′ 65 pp 45S7-■ 5t14
1kc、′a Ⅳl、 Konlt、 t、uT..Kino、 hit(lY Tc!:t:21oto K,Inouc K Gondou、 M

tt:、 (l Ytl!〕l`l:11010.T, 1997,Scislinic.IIly― indttccd tl!ltl:ユ 1:ヽ 10uS tt:li11、 〔tl behav´

ior(SAAB):Elcctric hcld bcrolc carthquakc、 at Kobe―Oji Zoo:lnd lzは ―

Ataga、′
`Tropical Btinan■

―Alligator Galden Episodc v 20.pp 235-241

1keya lN/1.卜 lolsud〔、T and Yat〕〔lnaka C、 1998、 RcProduCtiOn of:nin,osa

tlnd ciock.lnon]ュ lics bcf01c etlrt1lquakcs:Arc thcy ・Alicc inヽVondelland

Syndlonlc・
｀

'Proc 
」tlp.ln Ac:ld v 74,Scr B pp 60-64

1kcytl M.1998ヽ Vhy Do Allinぅ :11、 Bchavc Unustitllly Bcforc E`11lhqutttes?
Tokyo NHK Ptlblishcr(in iapancsc)i Cl、 incse cd Tralisintcd by Httang,

C 6onl Sucichall Plcss.TaiヽVan in 2000

lkcya 市l and Uitlsoy. しl.2000 Untistlal phe!lollヽ Cntl bcForc tinc lznlit and
Tュ i、v.tn earthtltlakcs in 1999 1n prcparation

Ohtani、 N. Ohta 4ヽ :、 nd Stigano, S. 19,7. 4ヽicrodi.llysis ol hypothtllを lIュ、ic
illodinctltiOn oF:lct,!0(ltlnsnlittcrs ifl rats / ′ゞで′″て,て 17ピ″, v 69.PP 16]2-

1628

RIkllake.T.1976.E:、 rilltlut｀ kC Plcdiction:El、 cvicl,Anlstel(lttlll pp357

Trib“ tch.H 1982.ヽ Vhcn thc Sllakcド Awakc.Ncw Yo「 k.M IT Press pp 248
Vヽ:、ti.lttlilll K  1995  15tll /ヽilncs、 cs Prior to E:1■ htlttakC:  TOkyo Pt:b

Tokyo.pp 267 in Jtlp.lilcsc

″ο′げ ′たりα,g″
“
力″′′て,″ヵθ″

'ど
/,′

げ ご/′ (/′ ο″たsE″ g″に,′″,″g,Os`′た
`′

υ′″′″ノ96j`′′,″ (′ /,′て′′′にャ/P力 Dル 7

Ⅳι′(′ご
`′

′ E′ ,gr7,でて,′ ル,8 Rι sで
`′

′でカ
α∫∫υ(た″rS′″ P/71'sfて `ゞ D9,`″ ″″′″r.

υ′″T″s,ぃ'げ Ⅳαr/1εげοわ
“ `“
〃

/υ′わヽ 'げ ′力
`〃
″″めο′′Fα″2ね√わ″

/1`,′″ノ976′て,ノ 9アδ
`″

υ′″1・て″‐s「●″
S″″′g`7″ P″

`ル
SSて″″ OS″たマυ′′′―

1'′パ′●'「″Dり
'`″

ル″
`″
′げ Pい

.Sた ∫ル′
/987`″ノ

`yご
α′′ノ,``″″

`勁
,″て′S(′―

′″
`′

 sル ,('ど  ノ99′  S′′∫″′′( ど/ど (′′′(.
sメ g′ ,″ノ  `″ !〃  ``″ο′,2`7′θ′rs  

“
″ル,:で′/

わど/7`ハ ,υ′‐ι″で′
‐′∫′α′(力 ′″′ζ′でs′∫イた'′

・

′ノだム2,わ′ε
`″

′/′″″″た′

身フおοι/r2∫ .νο/2」 .″οイ
p単身


