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&£ 0.001 A—F— (WRIE) L7222 En@HESNTEY (NC, 2005), = DOH)
KABUNE, EdROBKAEOFEFINTH 5, BARMEIZOW T, BAEREE L
T 10™~10° m/s DEMAEIG STV S (INC, 2005), FEAREITEE & HiC
INEL T2 BN H Y . FILHIE, FlILE O RZERR A & O LS O HUE
WIS LTWD CRHEIED, 2007), F72, #HFKOENICS SE2RTHLK
& LT, HERE S O TN K R O RN AR S 2 VT # R KRR OHEE 233k A~
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SNTWD (B ILAFERT, 2008 ; 2009 ; E4)111E0>, 2013 %5), IRAL DO
HuE OBFFEREF. O 1T K 2 FH & LMt T, *He BREEIC L 0 i FKO4E
RARD LTI Y , HEEK 250 m OFEE T 200 T4, WK 700 m OHEN
JET 1,000 THETH Y, HEFEAE OMEHENR L DS, M F/KITHERER M D
TR L TWD LIRS TW5D (BT ImFgeaT, 2008),

U EOHMAZRE 2% L, BIKAECEKEITHTIZERNEEZZONS 2
Enn, I EHOM FAKIKENIFEE THD EEL NG, o, #FAKE
DEFND G, BEROM T /KON DAENT & 2 RBT HFERPEFLNTEY,
R K OFRIDFENR e VB BRI I T DN EICAAET D Z LI+ E b D,

3.14 L%i5

(1) FACADBEEDE S LA T=1FFE LULEH

W T AFEUCARDTEfR 72 5 NS A — =%y 7 Ot &, B, KRNV T
T DHEBOICENE, Z L CTHUT KT O B O MRS O B U A Dk
REIL. BT O T ARKOILERME OKFA F 55 (pH) . BR(biEcENL., R
b FRRE) SORELZ T, B bbb BRI EEZ U TICRT,

HF KD pH DR

K pH &t H 2 W0 EE pH Tl H 7 ABERIKORFRERE DN < ikt
PEVE DR HRNBEEMNT % (George et al., 1999), F7-=. & pH &M TlIA4—
— Xy I RAREEL L, REERECIENBEZGI SR I L3 < 7DDy, K&
MZ &% pHAEEERICE Y, #HTFAKD pH 23 12 FBRE £ TThIUE, REfE(L
RS ZENTELZ ENRESHL TS (BEIEH, 1999 ; INC, 2005),
F7o, K pH E&EH D W0 T E pH £ T, BEEMAEZE LT (Ot 2,
4.1.2.1.11) . —E DO HEHERE OVAIEEE DS EN3 % (B HIE5>, 1999 ; Barbara and
Lollar, 2005), & 512, K pH & Cld, fEEH, BLORKRNY 7 & 112U
FREMETT 22 ERMEIN TS (FE1ED>, 2008),

(| R SE VAL

ARG TIR, A==y 7 OEMEINMET L, 77— O BSHEmE
DOVRFREDRNHEINT 2 (REIEH, 1999), & 52, B, BLORKANY T
EDICPERNME T 5 Z ENME SN TS (FEIEH, 2008),

PRI b Fe i oD 5288

PRERAL SRR FE 28 0.5mol/dmP LU E & 72 B S Tld A — " —2% 7 NREREA L,
FHEREZHECT R ZERFESN TS (BHIED, 1999 ; /it 2
41.1.3),

Vb ZE 2 TALSFSG DG E LRI LT # R K23 pH & 5 WV,

i pH TIZARW 2 & B bR Tlde WV 2 & | RERLSATE T £ 28 0.5mol/dm®
U bEL BTN & EEZ D,
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(2) HHAEOHEIREFEICET SHENMRICE DV -RE

B2WHLD £ EOIZBWT, BAKEZEFETHHTAKRD pH 1%, HiFER T
SRR A Lo TERMEN S5 7 v UMIC B b+ 5 2 &, HiE
TIXRES A+ m, TERE CIRRESE m BE T, Btk T/RBER ST
WAHZ L, WKLEREEEZDND I ERRINTVD,

ZOHOIEE U TIE, RIE, FiROGEHE O 28V T, HHIR 7
MrgEsER L, 72, 2EOERBM T AKOLZEECET 5T — 2 X—2 (B
EDy, 2011) FENEHEIINLTEBY, RO ENRIINTND,

KD pH IZBA L Tid, Bt P o FKRIE, HFEESO K & b
L CHMEN LT T VA U AT CARHIED, 2007), EAAMIZIX, dbifE
WRAE IR D 5 BN IR OHER A 2 FH & LT, pH IZRER 500 m LI T 6~9
OHFPATIES S b DD, TREHK 500~1,000m Tl 8 HifE T D Z &N S
TS CKHEIZD, 2007 ; PEEHAMRAMIZCHET, 2011 %), &R X 0%
BIRAZFEF L LT HTARD pH i3k L7 a2 FIEIT 6~7 S8, 5T 6
~8 O#FIH, KEFERETH TIL 6~ NEET 2 Z LA S TnDd (BILZ
2y, 2011 ; PEEHARAMISCHT, 2012), 7=, HE - UEHRZFHF & LT,
BEAFT —Z OFEM7e 2@ U C, REHTIKD pH 1%, £ < 0#HLRIzE D
T 6~8 OHEIPHICH D Z ENHER SN TS (BINED, 2011 ; FEEEHRE
FFFERT, 2012), LLED X 912 pH 2ME pH & 2 W i@ pH T2 s 3 (7 E
T HAREMEIN I RENTWD,

N K OER LR ITENAICE L CiE, IRIEDORMEMIERT Tk, H R CT&E
TEMEDE (RER) 140 m, 171~237 m O FRIE T2 14I-190~-230 mV. #J
-220 mV. TEEHK) 500~550 m., # 606~644 m DOHEPNJE TFHZHKI-100 mV,
F-170 mV) Th D (KHIEZDY, 2007 %), £/, IR OEHE OWFZEiiEx T,
R IR O bR ITEAL S L P et e (REERY 200~400 m TJ-100
~-250mV %) &R L. S8y, ShiEInY . BRlAIESCHE O BEE U 72 )OS
BIG2VRENTWD (ITNIED>, 2010 28), LA EOFER X v # PRI W T
BITERBE DHERF SN TV D IS TFIEST B Z EARIBE N TV D,

IR D R FFEEEICB L Cld, WE ZLICHEBRENRD D, =
T Uy 7 AT O SEYEIE 744 mg/dm® (0.012 mol/dm®) . HERS £ Tl 496
mg/dm® (0.008 mol/dm®) . K [LIZE45 Tl 341 mg/dm® (0.006 mol/dm®) . 75k A%
T 313 mg/dm® (0.005 mol/dm®) & LTV 5% (v 3 NIZSTER O & B R
AT DOFNEFEICHRE L) (BIIE, 2011), UL, Zh b Ol
R ULTEIFE LWEEETH % 0.5 mol/dm® 127372 0 v,

PLEOFRFIZEESITIE, SO KL, & pH 5 WK pH TidZe
W2 b BEMERAR T W & RBCFRERE NG < RN 2 L
METHDERRTIENTELZ ENnD, IHFE LW A2 A 5 UG BRES
WA FIELTWA EEZ NS,
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315 WFLWMIBERIEHFEDEED

B UIADRSBEDBLE D N TN 7 OFREERE & KRAY 7 & L THIELL
N U7 VB BR BRI IS DWW TR 1 ITHD & & D72, E ORI H R % B
Fx56 L. INOOMEBIOFEME T E LWHTESREREIL, DBEICH
INK GET D EEZLND,

X1 FFELOMEREHEOE LD

AINYTHRERELLTHELL RANYTFTELTEIFELL
F At E IR R FRMERBREE

BIRE | HURDMEWNC & —

NEE | EBOERANSNT L —

IKEE 15 — TFKREBVREETHSZ &
L5 - MTFKDKFRA A FEE (pH) A - MTKDKFAA 6 (H) &
= pH H B UK pH TG & pH & % LMEE pH TIEXGE WLV &
- KA BIEHERERTHENI & - KA BIEHERERTHE NI &
- TFKDRBIEFBREENS LA
W&

32 [IFFLWhERZEEMS) ICBET 550

KEFHETIE, B 2RI £ & DUBROREFTORZMAICHESE, HL-UL
T T BESEY) O HIUJE AL 123 W THIVEBRBR ISk O Hiv s . A OEIRERED 6
D RBEHERE & BEIEW ) D O MER TR OBI TR S O CIADRED > b, 14
HOBENONTIANY TREBREBIORARANY T L LTHE LWHIWERE
Rtk (BUREE, N3, KEYG, (L5 ICOWTEH L, ZOREE, 2UR
B oW, ALY 7 OIRERIFRICEEE L THIEAMKWZ &), hESIE,
NTARY T OIFLZEMEOBLSIND DEBROEEN/ NI N &, KEE
WX, BFIZRANRNY T OESNS TH P KKEIDNFEETHLZ L), {LF5HITY
7 AEUCAR D & O TR DR OB AT O], 4 —/"—/"y 7 DIFERED
BADS THURKDIKFEA A 850055 pH H 5 WK pH TiXewnwZ &, THe
TARDBEALMERBG TR &), THEUF KD REBILFRERE N Em L 202 L
DET BT,

A F T O M BR BT RFE AN 23 L0 8 D % 0L 2Rl O Bl TR R+
DEBHINTWRNoToZ LIC#EA, AREIOFRICEID, HBLST AT LD
HEREDBLE N O£ LWHVE RN S Z LITEETH D, £,
FNHORENENNTZIBBRICB W CORRZOMMR L BBTrax 4 TH Y .
HENTRE 27232 ik, AN TEBLIORANRNY 7O LA DI
RED T IC 3 S, WLy DL BRI D EEZBILD,

F7o, INOOHFE LWHERERM 283 2 EEREED ., DAEIZFIEL
D DMITONTOFEHRBIToT, BRE, 55, (LB 0TI, BED

13
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ZERMUIIRAETE XS 5 b DD I EENICT — 2 BB EnTky, £
DT —=Z b, BOBODIF LWHEBRERE 243 2 il IO 23 EIZ b IA
SHIELTWDH EEZ BND,

—05. KREGIZB T 2EKARLE KL, EESCEN B O MR ICR
SHBSN, BN Lo TRQRD WSS H 508, BniR-CHRAE D TR HUE O
TR EDT — 2N ORI ND K D2, M T EREBIT AT A~ E KAk
RGNS < HTFKROFTENDTRIE THLBIMBFET D EEZXLBND,
F o T, HTFKDOFNLFENE TH D5, DREICBWTH 0 ET S L
FEABIND,

B, AL MLy DT, BEERASCREM AW TR 2 727
—Z 2 LTz BT, RMEMICERGTE - i TS 2 Mg 2 X T LK TORE
Mz ATVWVR L TS BERDH D, TNENOBEE TR, FEEICENTRLN
DFEME DM BIZEDE | IROBEPEIZHET DN RGN E I NN DT> THW
LHDTHD,
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FAE HERBEORMREEADZEER & IS

HEBREOREMZEMICE L T, 4.1 UIADEEE~D AR . 4.2 WFRH)
FEEERSEE ~ DN 43 FLWEEL 52 5FRIIHOWVTONUMO DL
HAZESE 2 T, 44 12BWTAWGIZEIT 2 32 =1,

41 FALADHE~NDEEER

3.1 TR L72BA LA DISREDOBLA T £ LWV BRBERRIE (BREE, 315,
KE . L) IS LT, EPILEMEICE LWL 52 2 BN F5 %
FrET 5,

FZLWEBE 2 ZHEBOREICBWTE, £, k. #F LW MUEERSE
Rk 2 8 S8 5 AREMED & D B ) e F 4 2 B O K/ NI BAfR e <HhHE L.
BRI RAZ DWW CE OE B 2 HEE LT, £ OZEBHEFHN KR NY 7R
NI N 7 OBREERICEDLSFZMICH D HARIC. BELWEEBLE 2 2F 5L L
THRE LT,

4.1.1 BIRIE

BB O£ LWHVEBREE R CTH 2 THIEIMEW Z & ) (1oxbd 5 2K
E LT, G0z o877y TEYROBE) « 384&) & THROBEED
FH) BEZLNS,

[BIRORBE) « B4 (BT 2B/ FERE LT, ~ 7<= Bukicft
FINDHMEYGEI KON, WiBIEEhoRS, WilgmiZo W CEEBENRBAET S Z
ENREZHND,

(HFOBED EH | ICEH#ET 2 HER R ER L L Cid, [ELHCL DA
FEEOEITHEI RIBEAEZOND, T, KIUTEENIENEAE LTk
PN L2581, HiEDRZE (T2 NREZL LD,

728, 311 (1) ITRLIEL DT, HERZRHERIZ LS HIRED EA-2 1000C%
KRB, »OREMEICHI 0k LI-5GA1C, BEEMPEEE (74 F
b)) T HATREME N 8 5 DT, MEBREOEWZEMHICE LWEERH L L LT,

(1) BVEDFBE - AL —HEEH)

~ 7= RLBUKITNE SN D MBIRENC X 2 T o #iE o R B & 5
2WHLY £ L OB I OFDOHZRORFEREN ISV THEE L, £ OREIZ OV
THE L7,

BLIQIR LI K o ic, RARIIM T OB A E KM T 5D T, 22T
ITHR BB DT — Z IZFESW L iR sk & U CHE A8 10°C/100m LA &
HZ: bl LT, MBENEBh D% FHm L7,

F2WHRY £ & HTIEH, AARYEO KRBT OREREEZRDOTIERE
LCHUHEBEE ORI T — % #INE L, R AEX %2 1Rk LT, Z iz L,
H AH & D IR 70 IR A Bd O fE X 2~5°C/100m O#FPFHIZ & 5, Z uizxt LT,
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HE ALY 10°C/100m Lh o &R BiiigiL, — o kL& x . Skt o kb
DT LA THD Z EDNRENT WD, Fi-, HIFEITKUDAFELEL TV
WIZHBD 5T, SIRRFEERTHIHIRIC oW TIE, v/~ R FICFEET D
EVNIEZR, PR LEKN EFH L TWDE WIS EXFIRESN TN D,
ZOHROFRE LT, ENOM FIHA 30 TR 72 MR 2B O JIE 23
FEhE S AT FHR . MR AELRNIZ EES N2 B ARSI B OB 1 2 BT A Rt
(7 f& - Martin, 2004 ; Tanaka et al., 2004 ; HiH1E75y, 2005 ; HAHE S22
HEREOEMZEMMEZE S, 2011) BNHESNTWDHEN, EROIE LK
LB RDIITERE STV RN,
PLEDFRIZESL & BiREFROBEDRE TH L KL, #HiFD~ 7~
DIFIER, BUKDO EAENRRETH L HRDBF L EFT5700, HEGE)
FELWEEBE G2 5F 4 ThLEEZLND,

(2) BEDFHE - HE—WBEICE T EERR

W7 T BN D W I (2 s 1 2 BRERENC X 2 M YRR o LR o 8 Bh P %
B2WIY £ & OBLOZDOHORZEAIIZIESWTHEE L, LD
WTRRRT LT,

W2WHD £ O T, WENEE LR E LT, WiEmIZh -~ CEEEE
DIEAET D AREMEDN B D05, BAO BT —Fy T, Z O HFNIC E &
FHZENREINTWVWD,

FD%DOHALE LT, BEAFOIENIE Z x5 & LIzmatEflngE I Tun g,
fr[<EWTE Clk, BIAE O N TR M IZIR - Tl B IRV P TR 200°C
KIEDOMBN G ~7-Z & (IUHEIZD>, 2012). B EWrkE o M@ E121x. T#
AN HA O W B TE B HALZ 150~280°COEVUK N & - 7= = & (Boullier et al., 2004) .
BIEOHEE (FF) HE (199949 H 21 H, v/ =F o2 — RN 7.6) Ok (1§
+#cem) T, BEEEZ LV 350°CLL EOERFHRN AR LT=h ., F OFIRIK
ety X0 AMANZ I3 EE U Ze o 7= 2 & (Ishikawa et al., 2008) ZE3#E ST
WA,

PLEOFRIZEESITIE, Wi iE BN {5 BEEEIC L D 150~400°CHE E D #Euk
MBS NIZB W TIER SN D ATREME RN S 5, IBIBEN EH L5 2
SN HBEBEEMBEAEFE L, I Im OB OMEEA 400CE T LR L2
ERE LT, —RILAMREMNTIC LY | BN OIRED 100C% FElS £ T
O 27l L=, ZOfER, B EIRE A 45°CORE (ML 1000m A1
M OEMRIEE) . 100°C % FEIDDIZ 60 HEEE -0, ZOREOHM T
b, X bAoA FOBEZ T TINTH Y . BEM OBREDERIIZEDS
72N, L7edio T, WiEIEEhC L O BEEEN I LW B2 5 2 5 F5 R L3R D
WEEZ NS,

(3) MERDEEDLF -—KIZREEICLHTREIL
S - MEKHEZR BN AE D | MR i OO S O A BYHPH 2 55 2 KB £ Lok &
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W2 DBOBFERFN T DWW THEE L, ZOREIZ OV THRET L=,

B2 WEY £ & T, BAEIC MK O KIERELIZIT 2°C~3CEro 7z
EEZLND I EDIREINTWVD,

ZOHOIEE LT, KK T OTFT—X X T, &EOMKY (8125 77
D BT DR OEFIRIL, BIIEL D 3~5CE -7 STV S (K
2T, 2007),

PLEOFRIZESITIX, EFR FHKIBEOZMIEI IS CRE THY . HiFE
fHEONERE & IR AR RS o T HIR O ZB#EH b RIRE L Z 2 6
N5, £, MBEVEENAREA IR 2 BRI, BCCRE DL ®) THltIE A 100°C
FHZHZEITIRWEEZLND, Lo T, [fELZEIC L H2KIEEIE
FELWBEEZ HERL IRV EEZLND,

(4) HWROBED LR - ABRRICKIHMREEDLR
B2WEY £ & OICBWT, AkFERIC L 2 FIEE D R ORI
%Té&ﬁ TREN TRV,

DHDOHFE LT, REWLKIGE D EHI BT DT %mﬁﬁ&ﬁ%ﬁ
%%MLtﬁiﬁﬁé(Eﬂ £, 2002 ; AR IE2>, 2004), Iz LA,
k@ﬁ@%ﬁﬁ@ggéﬁ%ﬁT1Wm\ﬁbf%m%%f\kM#%ﬁ@#
HIE EHEL DM B 0 HERERF OHEEIRE 1 450-600°CHIi%Z & STV 5

VL EOARIZEESW T G- A H (2002) 25510 kAR OHEFRE X (10-150
m) . KARFRHERERE O AIHATEE 2 (R 5FHIC 900°C, HIIR AJEE 4 3°C/100m, HiF ik
% 15°C & LT, REROARIBEZ —ROUEMREMITIC L REb -7, &

DFEF, KEB KRN B WM ER 28 - 7254, T 300~1000m 2 £ To

HiPH O AR 1L, £ S 300m TlE 25~70°CH2 £, 500m Ti& 30~52°C. 1000m
'@i@~w%kﬁ@\k@ﬁ®ﬁﬁré REIZD ) 57 100°0C % FElS Z
& KR DOEEBITIEMIE EZITIT W ENgnDd, LLEDZ e K
TICE2MBBEED EFITFELWVEELE X DFER LI RO VWEEZLN
Do TRB. KRERDBIZET D AREMEN B D K OGA 1L, T OREEFHE L 72
FTCGREEZ L VRS TH2HEORNKRE LD ENAREE B X HND,

(5) BIRBICEHTHSELVEEZEZ2FRDETE
I EDOBEHIHES S, BRI L TE LW B L GX 5 LB DN HR
(T, THEYES) ThH D,

412 H=Ei5

NEG O F LWHIERERETH L TEBROEEN/ SN (S e )
AR & LCik, MRS A oMk - MMJF%%@%rﬁ%LFE
Oy ) —TEREOHEK] BBEZLND,

e OG- i) (CBhET 2 MM e g L Ui, i FES» Sk
FCETIWBEBOTNNEZOND,
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CEARORIEZETE ) (CEET D -E R FR L LT, fEREIC K 5%
OFTHBBREBELLND,

CEfED 7 ) =7 R EOHEK] ([CEE T HMERRER L LT, L
FAZFE D BT V=T RO LA H Y | IBE EFR- O & L CITHBES)
NEZDBND,

(1) BEEOWE - BRE—UDFEISET LIHEOT I

Hi R VRER s & WU TREE IS ET D g OISR+ 5 ZEhEIPH 255 2 RELY
FLOBLOZDOEORFLA I IESNTHEE L, TOREBIZ O W THETL
7=,

W EITHRE Y IR LIRS LR S 2 OIS BN ke 9~ 2 1 FiEE 2 Ol B & T
T LWL, ok, RUSTREED S HIFR I T TEME O « M2 & Sz %
BT RREMER DD, ZOX 5 R EEH T W, IEEE & — eIk
ENnTW5b,

2w £ EOTIE, DREICET 5 B E - WiEitE, BEFoiskr
JBEAICEBWT, BER T TEREICHOEZ Y REOEHERN TRV IRLEZ > T
BY., THEREOERIZONWTY, BUEOTEBN DG kT 26D EEXD
TENRTEDLLEEINTWVWD, ZIHDOIEWIEIT, HU TR O A VEE 2T
HIFRICETELTEBY | EOVEZEAEEE X 0.01~10 m, 1000 FFOHiH TH 5,

FowE D F L OLKE, MERKOBAEN G I SO RIS
X BHEOIEWIBX AL SN TWDN, EFLo#iH %8 2 5 FH OHEIT 72
VW (HH - AR, 2002 ; PEEFIGR AR —AN—T a %),

U bEomRAIZESLS &, BEFEOERBIZA#% bV R LIBT3 izl
F—R—= Ry 7D NI TEZEOMWELZTRE . B CIADEIEDELIZ 7
MWD AREME EVY, Flo, BV IRLIEET 52 L0vn, ALY 7 OIEZ &
D DHED T FHR R 2 GO CEET 52 LIRS TlE R EE LD
Wb, LEDZ Lt BEAFOIEWE D K 9 1T G D> & WL RS 20 CHR
RETETHHBOTNAELEEZTHGT, WFGOEMZEERICE LW
BEBEZDERTHDHEEZ LD,

7B, LELOBAFEOTEWIE LN D BN NS VI, U BT E 2O W
TIE, fFRDIEFOAREMERBS LW, £7/2, FLWERBROLER 25| & 24 ke
PIIMLT L HmEL RN EEZOND, LR -> T, BLHGHEZ 72 AR R
IZEESWT, G2 WE s GRET . Wig RICBEEY 285 LW, T3
KR EEMT DI ENARETHD EEZBIND, Fiz, BRI RIS AR eI
MNHDHZExBEEZD L, WENEMEN LT L E2EE LMol % 5
i U, B0 SE TR0 R & ™25 M2 oW T, AN 2,

(2) EBOBMER —HEHICLIEBDVITH
HFRENC K DGO OT BT 2 LB 255 2 kI £ &0, BLUE
D% DFRZARIH I TE SN THEE L. T O BT OV TGS LT,
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F2WHLY £ OTIE, FAEHRICBIT A2 ANTAY 7 2 & e miibil s x4 &
L CMEZEMHICHOW TGS L, HENE Z 5 72BRIC AT Y 7 ideik s —k
ElRo TIRENT 5 2 & FREM DS HE ;Dﬁhmﬁﬁfé EMNT L
BIOERSRALTHZ 00V g RS b\f)&IzU??iﬂﬂ?%Zi

EWEATDHZ ENRENTND, it\%TﬁEmuPTi I HIEEEh OO
REED R T DB NS NWEEZOND Z ELREINTND

%OD?&@%DEJ: LT, HALH G RPEMHIEES SO~ 7 = 7’“:~ KF7LLE
DOHIFEIZIBUW T, PfQWmuP(mﬂﬁ)@KMnaﬁNT ZIND, RE
250m LRI T B HUENE L 1T (ZARAFA T [R]— M D HiL 3% C O #LHIE
Ikt L T U3~ FEETH D = &#ﬁiéﬂfwé(%Miﬁzmm PSR
FAEHZ D N TN 7Tk 2 MR ZE EVEREAT O 7= 72 FHNTHE STV
W,

PLEORBEIZEESITIX, HUEENC X0 AT AN 7 OEEN BT 5 Z L1355

ZAT W, B BB KU Z 5 2 LI L AR AR ZEICS>W\TIT,
S%H. FRESCATANY TRHEOB(EEZEE LTSI L iR L, &
EGCFE\ET/\I/U TRGHIM T D Z ENARETCH DL EHE L HND, LI
ST, MEBMCIA2EBOOTAHIL, HELWEELIRLLWEEZZ LN,

(3) BBV —TEREDEKXK-EBELRICHESERI ) —TEREDTE
X

MR Bk B ) — 7B RBEOLEHFME L FE 2R LB IV
ZDHDOBHFRIFN DWW THEE L, £ OB OV THRET L=,

3.1.2 (2) Tix., DAETEHI S TV DILINIREET T, #Ca 2 aIzks0n
THEBOEEEN/NSWI L 2R LT, 2D £ LHTIL, ARl
IZBWTHEBOEREN/ NS NI LAUREINTW DN, HE EFICHE S Ak
7V —TERIZET 2 EHERITR I TR0,

ZOHOIMEL LT, 7V —TERREOIRERIFIEORBR MG 2N EhE S
T%D 7 ) — T REOIBEARTFIEZ DWW T, TR TIEERD HIL7e 0y,
JREIIZZENDRRBO HND Z ENRESN TS (MH, 2006) F7=. EEKE

imEﬂ8W&5C@*ﬁTW%7J THE DN 20-60°CIZ LIS = LR
eI TUvS  (Shibata et al., 2007) .

DLEOHRIZESTIE, B0 7 U —TFHIC oW T, IRERGFMERED D
. ZAUTEREICE Y Beb B2 N5, LiL, DREICHAMAT D54

B LT, IBEERICED 7V —TEEENELLIZE LT, AE
DEALITH N TH D Z D, BENRBRICE VL2 L7 ECEEMICA
—N= Ry ZHEDONTNANY T OFFHIKMT 55O THRIX KRB AIEETH D
EEZLND, Lo T, IR EFHICX 27 ) —TFEREOHEKITE LW
Br Bz bEH LT RbRNEEZLND,
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(4) NWFGICEHTEELVEEZEZ5FRDOETE
I EDOBEHIHESE, NI L TE LW ELGR 5 BN HR
X, TRSTREIET DWEOTI Th o,

413 KI5

KEG O F LVWHIIERERHETH 2 TH FKREIMGRIE TH L Z &) 1Tkt
THWBERE LCld, PO [EKAEOEM], TH N KGEEIRRE D2
b1, MEBEOEN) BNEZOBND,

(B KAELORN ) (B3 2 BN Fg & LT, EfIics VT,
WK HEZR B i@@ﬁ@ﬁﬁﬁﬁ?#é:&%\@ﬁmﬁomﬁﬁmﬁ%i%
Nz, £7-. WZRE D HUTKRAL (FE7213KE) 0L E X BN D,

F%T*ﬁ%&%@wmj ZESE T A M S & LTI, WK HELENC
eS| HIUFKDOWH A DOZALL, HWRERDOMENZLT D2 LI L HRED
PR EZ NG, Fo, MHBHukicH MRS Z ik, ZoFEK
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AN DTN BIKARIIRESNCR D EE X HND, 313 (2) Trok
L=k oic, MiRfMro#i/Katl (M FKEOAE) X, K4 (0.008), Al
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B E 525,

F7o, R A — L DR K OB X 1 E, Hiue oo U A SO HIEFRRY S 12 B K
1735, WERHEE L L, FRCH T RKOBITIRE & 720 1525 W8 - s (%
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ZTOHOME L LT, 2011 FFIC 4 U b 7 KErEmp iR R L O 0tk
OHUEIZBE LT, 2EICH T ARKOEM B STV 5, FrZl BATIL,
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FAERTD B BAE E CORELEZEMITHIRE S, SR PRI SE R RN E
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BB O F LWHERERETH D [HF AN E pH H 5 WIHE pH Tl
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(1) {EpH L TFKDFRA. REEILFEFEZ SO TRKDTRA — KILUEEAKAOFEED
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AT ZENRINTED, ZNONRHTEHNG EA LTS D~ MVERO
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VL EOARIZHESITIE, VEBREIC W TR, KIUPEBUKIRIRES pH ISR rE
R L. R CFREEENE ORI, BRI L TEHE LW EL 52 5
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MM & BOS L2 R K OB E) - JEAIC DWW CEBhFEH 2 5 2 I £
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F2WD £ &HTIE, ZOBRITET HRILRVN, KILOEFHEZ R
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STV 5D,
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THRESD 72 &du, 7v UL TKR (FBdksdeda pH1L, fim 11.7) ORERE &
LT, —HBHBICEL LA 7 0 474 MEIZE N DEBEILMA ORERCE
fBERIC LD Z &, &6z, 7B UMEMTKE KILUT T ADRISHIER 1T
INIRFEIRICBR B D T b X N A MR ORE LSRN X BRIEIPTEIC IS <
E YN E S T TR N LSRRI T WD (R R
e « B&EMEv L ¥ —, 2013),

PLEOFRIZESITIE, BEEMEE X, TR EDORIGIZ &0 iEECEEIER
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ZORED pH ThHiUL, BEM OCFRFREERIC LD . F— =Xy 7D
it EPEd L L < DB E OBMREEIZE L WREZ E X 52 Lidhkhne
EZOND, i, EEMTHLIX A FOEEFITE L 2L, TORE
HIHLRBERTHD EEZOND Z LG, BEEME LIS LT2E pH #iF
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W D F IS E O B R PEDHINT X 2 BbPE#IZR K DA DWW TH 2 K
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ZOHOMA T, 413 (4) TRLELDIC, BFEKEICBOT, FEE
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421 RITTDUAIG~ADEELRADEH
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2B, Bl U7 TR RO g ALy o AT AR E L COFHlIZ DN T b,
Fo2WED T EOLBEOEMOMEREZEE 2 S>OEima ED TN T &3,
&y DEATHIEHENER EOBUS D MBERAIR TH D 2 & AR T
ENTEZATHY, SHBEIINIT TS BERH D,

28



10

15

20

25

30

35

$5F WMERBEORMREE~AOZEZRICET 594 MAEDAGE
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BEPERO 20 A 1R, SCBRIAE OS2 L 70 5 Z L OF Rk, MESEEH A i X%
EEBE CUMRGRAE O BB . FER A X e e B (B O BERE) | Loy itk
R R E RS BEREOERY) L\ o 4 SOBEBETIThb s,

HHIMERRE L OSCHERGHA O BEFE ClE, ST AR I IE-D T Gtk o Mg AL
IR DM A I T 5, BEFOKILOSHR0, MR OTEEE B i 715
Wiz >WTIE, REZSSRE L TEDOOAENMERI LI S 7= STk &
D, FElz, EROHIBICBNTE, HERSCENFET L EEAbNDH Z &
B, ENHDOFERIZEDSNT, BEFO K ILSCTEWTE OAFTEN B & 272 ik % F
ETHZEIFREEESZS I OLNS,

—7J7. 300m LAVED H T O B BRI RHEOFE HIZ OV TR, — o sk
(REXT AFEDOH T EIO A, I3 EHTOENE) ZFRIE, STk
THHRIZIZEA EZ2W0D, AN THD EEZLND, ZD78, STHEEH
ThfE LWHERROEESNREE 25613, IRAESCEEESA—Y 7
HEIZ LD T ORI ATEE & 72 DR (MEREOEM) 2B\ T,
BHIERAIC LV IERAVER L BT, BB ML EEME 2 W 5,

ZHUTKE L, AR R s E B (RS D BLRE) Ik Wi, HiE
FREMERR & ek L, M P O B BR BRI 2 S HICREHNICIAE T 5 Z &3 FT
HE& 72D,

DL EIOR U BEBE R 70 R A IR O R B 2 H F 2. R DN & 572 KK
B OWTIE, JRANE UCHERER., STRRAAER L OBEEFRE ORI, A
AR Z TR L, BENE LW EHEESN O EmBEZERE L T, A b AR
IRV A TR,

B, KEEHAEOBRMELEIC, U FIRA R -CHIR OBINFHAE T, Fric/e
WM ONTHEITIE, D TREFHIFHE LM L, HEIZS U THE LW e
O % [T 5,

F7z, TR OMEREFHMEDERIZEDSNT, FROEEIZONTLE
IR SE Y4 &0 2 72 A AR S LB 2 S AT DWW TR, BEEERRAT S KON
BEHA DO BMET, TR R AR OB HIFE ORE RIZESW T, LRAREROL

TR L, WA — BN T, R LA T ML KRGO BB
ST 250, BE LT ATIANY TORIRED L.
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VISR 2 BT % 2 ST 5, T DOFR, HsOEBREIZI VT,
RATRMEZZE L TEAIG ORI 2 £ L, T ORIRZ ST TRE Dk
B Mgz LA T 0 FRANTANY TGS 5,

52 FL—FrYRATFLIZDNNT

RIRBIGIT L DR OFE LW B L2 fiEtd 5 T, BARSIEEZEE L0
L— F AT LAOBENEE TH D, KIS oW g oyEdhE, i
LEOMBREB O[S, 7 L— MEB)EERZICBER L TWD 20 TH D,

E2WBMD ELOTIIRD L HITTRLTWS, BARVEOBRMEDT 7 h=2
ADFRAL LToREIE, k2 L ICB 2D L 00, BERTFE =i fgthno
FIUACE G TH D | IS B O A0 K LB D513+ J7 0 B3 E AR
IZhl=o>T, BELOWEBERED LN TV, LIEZR-T, 4% b7 L — Y
AT L OEEANE U722 T T, BE O RSB O 0 K (LITEE OS5 %
MREhbEEZLN, 5%, 7L — M AT AT SO E U GE
128, VAT LAOERMRIZIE, APEU EOHIMEEST L Enb, R E
BECHIL, BIEOMGRE®), KIIFEEOMEME L 2T 25 L35 %
1Z< vy,

ZOHOHMRE LTIX, BASIEOFRIT, HAEOIERKE & biz, FHE=
AR T2 DB R Rt ic T TR SN2 & 2%, TEIN 5
— /NEFELNDO/EZEL, 7 4 ) BT L— ks OEEN T R O ZB{LEE N U728,
AAFNSEDD T V— N3 AT AOIER IR AIE, Z ORMRICE LTz &
EZONTNDH I E, SbI, EMENGENRXENTHLIBEDT 7 h=7 R
(XAT 7 b= R) ITERE LRI, BIVEICRR D o0, ikt
MO TH D Z EENRIN TS (HEHIEH, 2005),

F 7=, 1500 HEFLBEO BASNEDT 7 b=27 A%, KFETL—FE 7 4
VB AT L— N DILAHRIARIZ KL SN TEEE LN, KEETL—FD
TEENTE K% 4300 HAERTO R EWEILS| ORI —E L T\ % (Harada and
Hamano, 2000) = &2, 7 4 U o7 L— MiX. AiilE2HEREY OHEFE O AR
et Ze Enn . 300 HERTIZAIC T L— FOEE N LTZEEZ B
HZEELRINTWD (EfE, 20060, —FH, 74 VB S L—FD2—
FUT T L— MRS AEE A S ESA S AR L LT, dedblE S AL
P~ 1000 7 4ER2> 5 500 FARTIZZAL L= (Seno and Maruyama, 1984) &9
HEZFHHY., HHERT =22 ENL 7 VLT L — D2 —F T
7 L— MZXT D 5 =AU OER) 2 < OO R T, BifEN S 500
AR & 500 JFAERTAN S 2500 AR CIEER 72 5 iEEhRE R ([nldisdl & [alfse )
R L TCWAE (Halletal, 1995) & 5,

Z O, iEETE OIEBIBIEERIL. TV DO TR L E 600 FEERTH B D
HER STV DN K 250 HAERT Z A0 B IGEh 2 BiAG L 7= WrE o33 #8in L.
#9100 AR E TICHKI BB OTE W M58 2 BRtA L T\ D GEFIED, 2012),
Z O, IUHIFEEEE T IS & HERAE B O — KM E D RN L 7 R I
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HIRIZC K-> TEEIETHLIN, B EOLETTTENOHITERILUBETHD &
ZEZHINTWD, £z, RERIVENTE T /LD 58 5 ke rT e E 28 O HA R
O RFES VIZHESITFIE, PR HLIEIC—E & 2o T B O J5h) &l
W, Rk THERE THIVUTE T A R RSN E W EB X ONA T E RSN
TW5b (MEMIZ2, 2013) .

U EOMAOIRNSEEZD L, kD7 L— MEBOMEIEIZ SV T,
A% b HEREL B 23 1T DSt M 2 AR 7= ECHIT T2 L ERH D &
EZOND, 2L, BENSHAEETOT 4V BT L— b OEE) Ok
PEDD < &8 300 TAERRETHDH Z X0, FL— MEFIOMRR L L THAEL
TWb EEBEZLND, WEIRECHERAB OG0 70 < & b+ T HED
SBHITEOF—F—ThHdI &b, BT HERE ThHIVUEL, H
WA OB D AR RSV EE X BD,

53 RABEDEZA A LERBDAHE

52 D7 L— F TV AT ADOFEROMFENEITIE DN T, HJELITE LG E
w52 B RIRBIBIZHOWT, BlBOE 2 7 LEEOX S, 8 X OB 720 A
kN OFRA « FHIEIZ DWW, BERRED FIEIZOWTRT, 7ok, FEKILMEEL
KB X OEHPEARIC DN TR, KL - KARIEE) & IXBR DB X TN R D120,
TR,

Fo, 5L b RLIEE DT, RIRBIGOE LW T, FRifER. SCHE
BB L O EFRE ORISR E 42 EE LT, BT 52 ENEARTEHT
HHZEML, TNHDEMAENGE L TRT, B, BWEREEREICBWT
FZLWEELZHEZ DAREMEOH D FERIZHOWTHEAE LG EICIR, 2o Es
R L. (BB 5 0 TRRIRER 24T 5 e plrd 5,

53.1 XKW - KEEES

K- KETEEID 9 6B, HIBASFIZE LWEEL 5 X 5FRT, (w7 ~D
HA M) BLO THEYESR) Thsb, 2oL, BIER L UNERIC
FBUNTKIL « KBTEE) O FTREMEDS 5 W EEPH & [BIkEd 5 2 & T, [RIRFICENEET S
ZENARETH D,

(1) REDEZ A LEFEDOFR

1) w7 ~DEA -«

~ 7 ~DOE AN - EHIZ, HEOWER e BR i ORSRE & AFEHHIC DT A X
LN H DT, ZOHEBHPHZ B L THA MNEETAMLENDL D, <
T<DEN-MBEHNEURERELE LT MERTIIAkUDEREINDEZE LD,
B2WID £ &OIZBWTIE, FEHrBIEI~EE i LIEIZ 8T 25 H ARSI O
KITEENZIIRIEMED FR D DAL, B H A K ILH & 7 H A LA O#PE O A2 fR
STHEENAELTEY, BEHTHEICBT S KTESHOEbIE, BIlA 77—
NTORILT7 vy NOBEZERBEIE LTTIEARL, T L AKX K L5 2
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=)V COIEENROYEKR « i/, BEIIEOEILE L TELZDHIENTEXS,
EEhTW3,
ZOHOIMBIBWTIE, e i, kIiEEN kL 7 v 2 b o
IZIRE L TRV IRLAETTEY (bye, 2011%) ., KibnsEd 3 2 ki LisEhik
EZ D Tk iiZzEJlk & IC Xy TE, KIEENEIE AR Y b7 4 T — &
TN BREE DR —EIC L VHI S NEETHDH B2 BV, TIUTKHE L
THI FIEEIC~ 7~ FELTWAH Z & (Tamuraetal., 2001, 2002 %), dkifF
Bkl 7ay FRERENTWSZ L, —F., BEARICBO T AkILT
2y RARBHETH LSOO, KILTEENEHE LIS X OVH AR o il 2[R
EINTETWD (Kimuraetal,, 2003%) & SN TWAZ EENRINLTW
5o Fio. FHWRKILOHLE T OEBIIK RO 54 CGEIURE KL % v 7%
B2, 1999) 1255 < & A OFEIR IO E (2D kLUERFET DHAE)
EHE LT, < OKINZOWTZEDO[EBIA LA (KL 235 km O#EPH
WIZH O . T _XTOKINZDWTE DRI LA HEE 15km D P O i I
F5 MEDNT T 2T 5Bk LS, Bk L#EEE 8 DD kL ER<)
(NUMO, 2004),

PLEDFN A EESITFIX, KL« K ERIEB) ClalbEES 4 B 72 BRI I 2 DV T,
PTFToXoicmvEEdonsd,

HAEH G T, KIIEENT AL T v h ORI IRE L TRV IELAT
TR KR FAT DM E . 540 LRV (A5 AMFEEL T
Do ALMREICBEALTH, kil RAERITWD, —F, WM AR
D 5 Bk B IUMNHGAEEIZBE L TiE, 7 1 > F2SIRE TR W,

— DK ZBRN T A 2 O IURL KL DONLE (£ DKL Z KT D ALE)
il & LT, £ OERIKIRD 28 15km O OHFIPAIZ /54T 5 2 &
O, D &R D UG A OB D, FAAERE DM I TlHE
WS NEHPHEEZD

k., ERVNVT ZEOEBIO KNI T D~ 7~ IHEHOFEMIL, Lo
#HiPH 2 2 5 AREME S 2D 2 & 0 BEMFRA O RICIE S W TEHE 2,
F7o, BIURRKIUAFLE L2 HIEICH - TH | BIE, B~ MR
~ 7 RREA - BRI DRE  EARERFE L FERO KL - KETEE
E T 2 ATRENED i OB BN N E TH D, S HIZ, FERICBWTHE
AT DR EZ . ~ o MUVE OBKIRE T VEIC LY AHE T 2 BER D
Do

2) HIEEE

WENEB OB, KIIDIA & R BR N B 5, MEVEBI DR L LT
(T, BEREEA~ORB L | LS A~ORERBEZ O, T6 OBERF L
PHIXEDEE L TH A FERET DML EDRH D,

F2WIMY £ LEDITBNTEL, K - KERIFENC L - THRET I E BREE D EWHY
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RIEN K& B LED®PHIT, — I KL HF a5 km~20km 2
FTEHRRTENTEAHZ L, £/, pHA8 Kl O FKILEIZH Rk (L
BILOZOEIMIBINZ AT 52 ENRIITND,

ZO%OHEE L TR, @R (>10°C/100m) 13iE KL O55A6 & e
TEEHTH Y fEB D KN L 525 10km FLE O#PH THUIR QB & (B
& - Martin, 2004 ; H AHE 7P MERE O RMZEEMEEZES, 2011),
pH 28 4 TR DRt & 72 2 DX H LS 1IBkmFEE TH A KPR EN TV D
(FARIFD, 2002), £72, BERIAT T KILOH FKR~DOEEICET HH
BIAFZE TIE, MR AKA~D~ 7~ 5BERk oy D F2EEDS 50km 12 712 F TR 5 & DO
5 (PEEHANR AT, 2010) 5 5,

PLEDFN RN EESITIX, HEYEE) D 2O [EIREN VB2 FFHIXLL T D L 912
oD,

I AELAY 10°C/100m % 48 % 5 @il I O oA X, KL O L A
THh Y B K ILDOF LG 10km OFEFHIIEE N KEWEE X HILD,
F7o. BUKD pH 23 4 RREE O & 7e A Eid L, ki bR Teda 16km 2
FEDHEIPHIZ A LT\ D,

L7zl o T, ZID ZFRIERD O SURFAEDOERE O, AR OHIIC
BTGNS L 72 5 6t R & & 2 5,

B, BERINAVT ZHEIL, ERLOFEMAEZBI LML H 5 2 68
FAE LISV TEHMET 5,

(2) [EEDFHE

REDEZ JHSNT, v 7~ OB A - Wit & HBIEE O FIAEHEAS i\ Vi
P % Be PRI [BhEE - 2 G2 R T,

1) iR

éiﬁ*ﬁfﬁ—‘;ﬁ Eﬁﬂ:%{ﬁ S ﬂfijﬁ'ﬁkﬂl%ob ANER %ﬁ@ﬂﬁgﬁjﬂ?{ﬁﬁlk‘b V’C{%
B L7k U3 5506 15 km B2 OHIPH 2 JFHI & L C SCHRFH A o %t G
WG ERIMN S,

2) STHRFHAL O B
FAMROFERICN A, SEHIRIBT 5, kLA, FBREE, ~ 7~
DA 72 BRI, BRSO AN O A REIRIC U T, Sk
CHSV TR - T L, EAMEE SN D R A RS 5,

SCERTE SR Tl SR OB O M A R /2 A1 . RERRE (BSR4 o ER )
BT, BUMIBEEIC & 0 A EIE L LT, RO LB HIB S,
3) WEEFHA DB

MEFHEMXIZHB TS, KUOIEBIOEROGE, ~ 7/~ O3EfHE L 725
BRI, Bk AR ORI & BHE (hREE, R—U /R
. PERRES) (CESUCHR L. % LV IEOSE 302 R 2 i 5
(Umeda, 2009) . 3 D K [LTEENZ DU T I, sfg s oo K LyE s o B RIS
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~ ¥ PV OBGHRRHR A ICEE S W THEE L, FH LW K SATREMEA ML
EEZBNDHPA & BT 5,

532 FEXIUTEEIKE &K UEERRIA

FEXILPEROKIZ, M FICEIRASEPIAET D5E1T, i Lo KD B
B, Buk & o= b DT, BURE~DRENERTH D, —I7. TRERIAEIL,
< MVEIR O AR M RS 20 U TR ER 425 50T, pH MK
<. RBACZEENSREBICEENIEOHEIH Y . bFERICEEL 52 5,
Fo, BERNEWEAICIT, BBE~ORELDH L, ZHLORMEE XS
. INGLOERIUDGIZE L WEEBEEZ S EEZ2 N5, FEKILME
BOK F 72 IR ER TR DA O AT REME DS 5 O VEIPH Z B A LR D B,

(1) WEDEZ A LEBORR

2D F L OTHE, AAOREEREEHO X D ITHENUALKILATELE L TV
M IZ B W TG ERREFEIRARO LN Z LIZHOWTIR, ZOFH X
SN TR, HERITEH L W W~ 7~ P FICHEET D ENIEZEZH
0, PR E TRELEWMARDLEKRN EF L THD EWI BB H 5 Z
EERLTVD, 2B, BHEITESIREZ R L TS ATEEM D H 525, T
RIZEEF 2 BB ORI /2,

Z D% OB W TE, FERILMERUK IS L OVREFRIA I DT 22 ik
BB, FHBEE, AOEE. ARERSOHSTRE SN TEY (AP
D3, 2004 ; PEEFAFAAIZEET, 2007ab ; 2012ab %5) . (RAEMEDNTRD S5,
TRER AR, pH (Xt CIRIILFFE A £ < &ie 2 &, £ —E8BIEmEERAT
b5 (PEEEMRAMZEAT, 2007ab ; 2012ab ; ZLIEDY, 2011), & S ITIEET
KIZ, LA AT T MADOMEH SN DA ZERETDHEB 6N
TRV, MFIZETEFET LI, MR TEICE TET D L O 2REERSOK
Wil 23 R Th D & B 2 BTV D (BEERTRAMFSEIT, 2007ab;2012ab) .

NSO ESITIE, FERLMEBUKIZEE L TIIEEREE~DE LW 2
AT HMLERDH D, iz, EEHIREKITEETH 255 ITIFBERE~DFE L
WREZ BT AMLEND Y . £o, BEIC» D LT, pH EEMESD 5V T
IR CFFRRE DB WA 2T, ALFEGA~DFE L WEELZRRT 2L ERH 5,

2B, EETARICET DI BAEIERIITON TWD Z Enh, A% L%
OENE ZFER L, MBS0 D80 OB « it 2k L CTIT7H =
EBVETH D,

(2) BI#DTTE
BRRDOE ZITNHADNT FKILMEBUK E 72X TRERIRIA DN I3 2 il 2 B
PSR [BhEES 2 ik Z R T,
1) SRiHERS
EEZHRE LTORESIZER (BIX &iiE2y, 2011) Z2H%E L
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T FERILPERUK & 7= R ASELE Ly A BABREE % 72 L 2SI R
LR B ) R T A B D,
2) STHERAH A D B[S

ML = 2 TR 2 SO B 35S\ C L FEALEBIOK 3 72 LRV R R O
GIECOWTHER L. 215 NEEO MBS > 27 A DR MBS &
T2 ERNEEINDEEIL., T OB 2[R 5,

SCHR TS 3 I3 UV IR I H T T X 7o WA . RERRE (BSR4
DB 12BW T, BUMIFAEIC KV IFM AR L7 BT, B2 34 )
Wrd %,

3) MLEFHA DB

B350 5. BHGE (MERE. A—) o SR, Wi
s5) T HESNT, K ILMEBK E 7 VR TR 404 2 MR L. R, (b
P T D RBE TG L7z BT, 3 LW EE S L5 b & kT 5,

533 WEEH

WrEgiEEnz kv, M IS O - i FERSICET L L H 7%, WiEoTh
DFRAEL, WG NIFINE SN 5E. BELO, BT ICEVE
BILOZOELOEMEOFEKIENEM L, 1 FKOBITRE N ZL LT-5EIZ
SONWT ELWEERNHDLEEZX D, ZOT0. R HIEEIT 5 AN E Y,
MR UIREY L, BN OBFN K& OWWTEIXEREET 20 ERH D,

(1) BROZEZ A LEROFR

1) #viR LIS L, AL OB K & W= 045 A

F2WHD FEOIZBWTIE, DREICET 28BFO L2 0ERE LB BT
R STV DD, FRITIR WL SR O EDN B 2 B D U0
WEEIZOWTIE, R—U v 7oA S 2 AV FREEREIC L > T B
7D H DL DOTEWE OF M AR T HMENH D L SN TWD,
ZFOHOHAEE L TIiX, 2000 LA, EBE TR S 47 BEM o1 g LA
AT, HUAROREZ I HIEEDNIEA U, JEWTE OFTED R IR S v Bl &
LT, RObDBHIT HIL5H, 2000 4 SR TEEHHE (CYFkIZ2>, 2000 ; H -
&7, 2002 ; E HIED>, 2003 ; BLEFIE A, 2010 45) . 2004 4EH0E R ks (P
AR A AFZEET, 2005 ; MNEEIE), 2006 ; Maruyama et al., 2007 %%). 2005
A [ BV 5 PR CEIE Ay, 1998 ; [ATIEA>, 2009 %) . 2007 AFREE -5
HE ()2, 2005 ; £FEIE2>, 2007 ; Yoshimura et al., 2008 ; HLEFIE >,
2010 %), 2007 A-@ris Rrhliph HizE (CGRRUEE /), 2007, 2008 ; 211, 2008 ; J&
F 1A - PRPe, 2008 %), 2008 A F - EARAREEHE  (85K1E2>, 2008 ;
RS HIERAFSERTIE D>, 2008 ; PEEFNRAMZEHT, 2009 &), 2B, 20
£ 9 RIS R e g I DWW T b, BIMIFRAS IS L 0 FRNICR X RTEEC
HUY ., BEFHE CITHEZOICRD LN LBEFONE 235 L L-RaEN L3
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L% (PERLAReGHZERT, 2007b),

U bOmFIZIES< & BEAFOERTE OFER, RERBOT —5 ~—20
2T CR< LB Rz BRI, EE, YERE, AV
FHELS OB MTHAE SN T, Fikod 2000 FELSICHA LZ T L Z 0% O
WA DML A B E 2 TR T 20 ENR DD,

2) MRV UIEB) L, 2L D P K X g o 28R

B2WEY £ & OB WTIR, I TICIER R & F O FEDICIR S,
ZOMEIE, BEmHbRRKTHLEE mMEETHD Z &, WEEINCtE-> T, A
VUERR SN 2 A2 U S5 A[REM D & 5 /N 2 D Sy Al 1%, K& ZR7EIT
BTHLEkMBELUNEZEZ OGN ENRENTND, /2, BEO KX
TEWTIE D5 DAL Z TN D BRI, kg PRI 23 0 720 < D7Dl
JE HRERR S A IEWTEH & L CEDOIREICA L2 IR T 2 BN H D | Wik
JEDBE . F OIEBAAHAAN \H > TE km BREILRT DA REM N H S, &
EhTnWa,

ZOHOFELE LTIE, WiBOIEENE < BEEMEDRKEI VT E, MR
H K&\ (Shiptonetal., 2006) = &X°, BEfEOWEOR S LiEE B L O 'm
TR = ORORERIZET A (B2, EEEREIINERE S o 1/350~
1/150 F2FE, "m A — U OEIEEEE & O 1/100 ) BRI Tnsd (f
77 « AH:, 1981 ; Scholz, 2002 ; Sibson, 2003 ; &4 « i H, 2007 ; K& « /MK,
2008 ; /< « #5H, 2009 ; & HIE), 2009 ; Niwaetal., 2009, 2011 ), T\ FEEfE
IR TATOMELT. &2 WIEWist IS TFET DIEEE Ik s s KM% [E
WrigHy ) & L CRMIEd 5 2 & SREROWrEIEEh o242k 5 ETEE (LA
o RN EARZES HTEREHS, 2006) F& 3TV 5,

LEOFRICHKSL &, WiglEE O EEHIT, B % & R D2 olg &
LT, (RSFRICIIMBRE S D 100 SO 1RELTAHZENEZ NS, 1.
B A MBI 523, RERkoWrEIEEi O & LT, WilgoERS
Iz 2358453 5 AIREME N B D fEIk (GEWTREHY) ZlET 5, X 5I2, BRI
W - FEEEHIC OV T Y . MBS O AT A RIRA~DREENE L WG]
WD 2 LR 5,

(2) BEIEDAE
BGRDEZFITHSNT, M0 LIEB) L, AR OB K X OWTE O 28
WDH 2 BB RIS 5 H B & =T,
1) HEnifER
SR R I HE R S SO SO T R O MR 381 C
TEE) L7 BEEI OB Y db D BT I DWW T, IR Ol & LT RSFRIICIE
Wi & = 100 43 O 1 FEE O FiHH 2 SCERFH A O xF G il 6 R 95,
2)  SCHKFR A O B
HHIMERR OFERITIN 2, RGHIZ 31T 2 SGROFEFAEIZ L V. BEMmo
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Wil D54, AR OMRE AR L, £ OB 2 Rl 5,

AR NS WWTfE, R OB AR CH 2 WrfE, i NIIREL T
WA, MU 7 & SCEME SR IR B O m A R EE 22 A 1%, RERRE
(BEEHAE DR 1B\ T, BIHFREIC XV IER AL L7z BT, B
WL 2 T 5
3) MEEFRA D Bt

Wi O 34 IOV TR, BEEFRAE XIS T 2 WiE oEE ORI O A %
BiHFH A (MRFHAE, A—V o7&, WERES) TRV TR L, £
DFEEEIPH & [AIkET 5,

WrkE OIEENE DML, EHEMELEEZ IR 95, EEtEE A T
TRV AT, IR OSSN T, O WE OTE BN 2 FEG
%,

TENTRRB DN NS DWW, 3R OIEBR A RBARR CH DM, H FIIRIE L T
WD IHrE, HYE WS IZ OV TIIRERE RICE S T ME OB L E LIL e
PEDOFHN 2 34k LT, BIEEO LM, THERXERIZ X D5 HS DO RS2
W, RAEENCHIErT 5,

534 &L - &R

ekl - (REIZE D . BB fizIZE L BEET 2581250\ T, HELWVE
BRODLEEZD, TOYD, HEECHKELEFOXELZEL T, REME
M (FAL=T A FbET) BELWVEEZ DI LM A RS 2 LN H
Do

(1) REDBEZ A ELBROFMR

F2RD EFE&OICBWVWTIE, FTREEO1EAZHNER L HIVZEIC
. HREIZOW TR EF- NI D E S R X W IZ O
THAL, BREVRRIZOWTIIY A 7 U v 7 2R EEAH) (Pt Cidokio
WEFAR ISRV IR URDK N HERE U T fEE IR A EE) 23l LT b, IRIZ,
RRERIC X 2R E O T IR EEMER (NER)ITIXERT D K& 72
ORI, I F ClIugEm) (2o CHEde 2 & (BRI IE A IR 12 %)
THOHEICKD Z LR L, BARMRERLE LT, R LU L LES
SOMEREE R A BRI, FOEMRICERE SN ARSI ITE T m~E m BB,
RO AR TR B, P LKMo T &2 53 L CGGHMET 2 0 E RN H 5
N, TNTHEL DA, FHET200mM KiiiEEZHNDZ ENRENTN
o
ZOHOHMBIZBNTIE, RO ERRFEINTND, EICLHh - LEEE
®H L LT, RE-HIFEEICET 2FWmAEE I TEB Y CKHEIE), 2007 ;
AEAE7>, 2010 ; Maharaetal.,, 2010 2%) ., 126 - HIFHE X, HZREZEH OIEFR
ST B a2 T, MR B DNEIE 7o Hlge > 5 W CIE 10 T4EH 72D 50 m
A IO TAWERIZ L A2REHE Ly GERIZ), 2008 ; K%, 2010
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), ELICELWVEENELCLTCWDE T VT AT, IWIRDB B S - %
fEBT LI km A — 2 —DF LWHEIKIZNE U T2 CGRIIE A, 2011) , — %12,
Vel 23 fkfe T2 IR EBORE LML, UM - kT, MEEEEB IMER
BB AR S 100 AR CERIRREICET S (BRIRIE DY, 2005),
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