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34 BNV 3 R~ RERETLO GPS =/ — %45 L, MEOE D [T IERF T X T
Do T/ NRY EIZERR 0 EEBOEY V— NOZERPHA LN D0h D, FENL
EOBRET — % DTV, 2 IHEHFEMCTRT U7 ORBIEE b EZZ T T\ Z &7
EDRHA LMo T2,
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(A7 2]
GREES 14 cPS2)

RIS & NIBRIEED ~ L— FA DRBROEEHEN
—RBEBEEENLDRE—

(LR i —
HSR4~7 (2022~2025) HE XftE&7or=or b1

ARFRRETIE, ARZEUES & I O AL REORFMED b L— A 7R S . A%H
BERE O e KARIZ [T 72 BREE AR T DR A Hiik = & 1IR3 5,

AR AEEORBICESE N FELAEOET LTI FRERE AL ENTE T,
F o, R ENERNORT DR B & RO IEIZ O TR T 5 2 &N TE 72, BERmITiE,
W ZERMEDORARIZE LT, W SN #HEER O AR O BREUR A ZBE L7z LT, Ik
AROBEIREAZT D IRBER ORI LITTHEE AARO EE MBI L TET VLT 5 2
EINTET, THIT &V WM RIER O - RIS RIET R 722528 % & &a9Is PRl
HZENTEDLL I moTe, Fio, RELRFEHERE/R COT L 22 ZMRPEERIZEHL T, &
T EROMAE, Milin7e E OB E LT EIC L > TET /MEEITR D LR TE, T
itk D KB PFERAT =IO R R O — [ 2 B 8 L CRFIN e i anbET Ak Lz,
E¥EA RS L BRHICBE L ik, RS E L RIEERZ b LIZET kLT, Ffk
DOFEMZMMEIZEE LTI, RO E & F 0 OMEE, MRS CTeeT Wb x 1T o7, Z
NBDET MZIEDNT, WO THERAROEROHMKLETTR o7, S HICWVORTOFERIC
27T v — MREEITRV, BRRO EE BRI )T 5 B O N B & OB A
O LTz, WORTORGIKE & OB R TIX, 5% O/FM - MEICEL T T I F
SN CHEBETHHBERY VAT T LAORNFIZOW Cifim LT,
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(A7 2]
GREES . 14 cPS2)

RIS & NIBHIEED ~ L— FA DRBROEEHENT
—RBEEEEENLDRE—

/K iR
BRI 4A~T (2022~2025) 4EE ARfIET v b GEEEAZT4A)

A7a Y s MIKEREE BT 7208 BATRIIKSHE 2 HERE T 2 - O O R EH TIE %
Ml = L CEEAT - $RRT AL AHME LTWD, F. 38®E L BIEK TAISAIMEEE & H
ML, BEFLD=—ARWELICOWVWTHEREIT) 2R LTV,

AEETYE T 027 bOT 44—V RTHDHEMBOORTIZIBWT, RO mIIBEEIZ
B2 EEEICOWTHERT V7 — MNEEFEB LZ, 77— bOEAITHEE, [FIITE
I X D, BOARENT 494, ARRIEENT 127 TH D, 7 27— MIE AP 5 WV OAM A RE
BEREQ AW ZARNER AR BEQ R EIATE - SR AERE OWBE LIPS (EFERE /KR B EE@ &
JE R EERS IEASRE D 6 FERED B 2 — Xl OEIZIC L » Tl Lz, fEE., & e LTix
FIERREER L KRR, IR B R U TE < . EE R IERHE ORI h—3 L
TWb, ELICEMEICE2ENTIE, T Y 7EESR O N EM SRRV RGO B 5
MEWNZ & BWITEE OLEM SRR SRR O B E LIRS, ZRMF) ) 1R 2
OEBEENPFHA L2V ACHE L TEWZ ERH LN E o7, EE-SCERMA, W)L DR
DOIZLDENPHALNE R ST D, SHROBKHEEZERT D720D T U AERK
IZBITHHEEE L CIEH S D RIREMS R S 7z,
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[WF e 2 ]
(GREE 5 : 1 7b 1)

BAOILUM - RRXEFERRZRMOSE

R iED
T 3~T7 (2021~2026) 4FREE —frpFsed CHEE &2 a)

BB D 2 TRIKY T 505 < E LD (BRI 2 TRT 2720, #
AR A XEMNLEHE LTHIFAPEHINTEZ, LML, ALY A XOBATH
SIS LIABEGELENI Z b H, L0 EMALTHICIEIROOEENLETH
Do NLHROBE TSI B LR M ET 5 EDEMAS D720, BEMEL L O/ E
MENSEIEB LA LY ERICTH TE20BIEL., SOHICRBDOERNSF &
B Lo ERBLE & OBE A2 BaS Lo, RMERAFIUE NI 1L 2 —H R L -
THZ 6N 10 FEEATHKT, SISHLLERRIBY B OBEBERELZRB Z o7,
60 KDONARIZOWTT =22/l A, sl LT M, kN m) (FLLTFTORIT K
S>THEERL (D, cn) 22HEIFTE 7 (logM)=2. 6310og (D) —4. 34, R.i;°=0.939,

d. f.=62, p<0.001), L2~L., sl&@L &I FmMOBEEO SGEHE (EAfFE R
0 AEICE Y ER) EEKICMATHIRERKIIAM ELEhoTo, EBROE

W, +2bbBEROMEBESF (B, cn’) 2255 XE/ LN M) ZEFET D &, B
RIFAETH 72 B OFEHRAOERT 256 XV EN M L3562 L3205
7= (log (M)=0.90310og (B) ~2. 743, R.q;>=0.778, d.f.=55, p<0.001), ELlzgIZE VRS
TIEHEAREEOEFE RO EE Lo FPRIRKER L2765 Z L XRETHY . Bl
WTIEHE O E e EOBEHRZ T EMEO XE LI Z THT XL VWES
b,
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[ AfF 7 4 2 ]
(REEES 27 ¢ 1)

RN EMERES I USHERARD OO - 51E - EERMORMSE

5 FgR =
TR 3~T7 (2021~2025) 4EJE  —fRAFEE (GEEEH AT 4)

HATHE Z D RAT D H g & LT L LiDAR BRI —HF—ZF v F) O KRN
HEATWD, Hi b LiDAR IZIZHRE R L BATRIN B 2 A5, A, BT O 22l 72 B Fl 23
BHL, K0V —EoEENTRIND, ST OM | LiDAR X, EHE Hamz2HA
W, BFE RN SBRENCEIIT D20, SRS EIT 2R E R XD SR E S o
FHICBWTAHRF EEZ BN TV, ZOKE, BER LV F—FENRRE LY A
BEALBRICRE MR DD & SN TV D, 1272, WEROMMITZEMIZ > 72720, LR ToE
MEFBITIZL ALK MEOIERES +Thhotr, £ 2 TAHME, O HiE%2E A
L. MARNEREMHBEROERZ B L LRMEOHRE LR oma 217 - 72,

IEI D DRER OFE R SEARMBEROERIZIB W T, ST THHE D RAAE L., A
FEEMo#E L XL IMU (IBMEIZEE © Inertial Measurement Unit) |CEK T AHFRE
MO EAIZEXTARREEIH DL Z ENbhoTe, —FH, MHIEEKOERKIZIE W T
I, 2N BMN L= =034 7= 5720 FEFITFEM MBI MER T 508,
SEIOBEOLGA . 1 EH 30 0 OFHRER OFI RS, FHO X5 I  BIZH T 720
WA TIEFRET H2EMBOFFRNTERVEARNHDL LR oTc, v=a T MITiE
v —H—HE L THERE AN T L, T LR EES T D HERRERT
W5, SREE, ZoFEEZRA, FEH L2V,
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(WFZEEE ]
(REFEZ 214 a 3)

MM EZTE D EBHIBABRE T D BFSE

KA ES - kmas
A0 3~T7 (2021~2025) 4EREE A4

ABIROIER i =R U HIHREL T, DHAIERABRE SN D Y~ Bz o
TWENTONHAOBIRZRE LZ, v~ E TR @5 12 & > Tyt Es 47
LyfAEER L LTasnbz, WEENOTXCOEAHEEE 2 %512 2024 4
10 AT v —haER LI E 2 A, MERIVERT & MERT ) 5 W g S A s S
7o MBI~ EVORERN & 2 AVERT 2 00T 24 T COBMF A Z 10 A P
FhE L7 & 2 A, IRERTHEE & MR AR 22322 3P 19 km - mdE 14 km OHEFHN
D10 CTY~EAEHR LT, 77— MRE THEBROS DT & Ry ¢
X, BIHEAE CY~ 2GR CEehote, WEKEH CII=R Y AN EEEICAE
BLTWST2, ZAUTLED ¥~ ENVOSARIER DG S AUz 3, W E 72 B RT PE
Zul & LTEBRER RN LR STz, ARITE VIR, &5 WITER DR 0 FE
HIFHEIZ L > T, WENTOY~ELABOBUREZ LIRS 2 2 883k 5
Nz, 2B, EELOREERKRICOVWTIE, LT LB T TIcAFE LT,

KRABFEM - KHA (2025) MEICBITFD=F> Vv~V (Haemadipsa japonica) @
FRE) 725340, MRS FERT ey, 24 (2): 171-175
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[WFZe 2L ]
(GREE 5 : 214 aPF63)

BELGANBRMENREAOEE L ETE

] e At
SF6 (2024) FE KRBT FCE

AL, FEROREREREL 7> TVWD =R P HIC K DA E 2 81
L7, BhEME O RIR OREREL L ZMEOREEE BB E LTHB LD TH D,
BRI DWW B FIEOME L | i L - S8 - EREICE D D 1EE O Kb,
HMIEHEE OEHZE L T, SHBROEINERDORERNY &0 E T VIO K
ZHfELTWD,

WL, B RICET 2 TR A IS L0 . BT RO EZ TN L, FF
2 TAEHl - KRG 2 B LR WEIAERH ) TBUGHIBNICR A L7 i © - R FIE) THER?
FHONHLEARE) O3HNEETHDI LRSI, INLEEET L, &
Hoe A - EEOBRMAEEG &g L, PIEM O SR - EREIEEZ T, BLSRAT 28
Cle T — X IWNE LR H OBHE#ED -, £z, BEMOSBRICESmEKEH W
RLER OB A ZRA . GIS V7 b QGIS L ##ET 5 QField DIEHIZ L - THLIG TOFME
PERRN R EZBRE L@ S A7+ — 2R IEL T,

WX, B R ERETTZ LRI 72 W AR FIEOMNL L SE-SEFICIE Ul i
W S RER ORI A B L, B RO EBHAG O L O VICHBKT %,
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(F7ERR]
(FREFZ: 17 a1)

MEMBEOSHMDICE T L TIEREEDEL

Feta . « LM% (CZHBRBEAFIEmEEL) « M= (B IIE B « Kb B A 78 L
S - BP0 ERES (S HMERBEAFIEREIEE) - VI (S0 HhER BR AU 2T HE )
S 3~7 (2021~2025) F/&E —RAFEE GEE & 4)

EE  EMEO S SO EEMAICE VLT 1996~2000 35 LY 2006~
2015 AR I EHEHEZ TV, S 5cm T TORBELHEDO pH OE{LZH 5 0
2 L7, BiESOHAZ T, 1997 412 3.78 Th > 727 10 1412 4.08 ~ &
BEIZHEM U, oA TIZAER pH OZ(LIZRDO e o 72, 1996
~2000 fEIC k9% 2006~2015 4D pH 1L, X 0.883 DEM TIHIFT S
ZEMTE, pH OEWHLEIZ E 10 FZOEIN R E o7z, BLEOR R X
v, WEREOFEBKS TIE, 13 pH © 10 FMOZEbizBRB /S0
23, pH OIRWHIEIZ & pH OIIA K E <, TEBMEIEAEMIND Z &
DRI ST,

IXC®HIZ

1970 R D LEMAMDOETCRKIGEME DR HFERERERICKREBIZMBE I, BADW
OO TH MBS NS 472 (Yamada et al 2007; Takahashi et al 2021) .,
s LR 2T IR BT S, REIBICRERAKOWEEA 4 > BN EP T 5
BRAINABED LI, BEIZBWTRKIGRICHK T I2MEDWEOEEEZZ T TWDH I &
DRI I 7- (Inagakietal, 2025), F 7=, fZME CI1IE£E L8 0 pH 2 30 [T
KTFT MRS 57z (Yamadaetal 2013), ZHHOMA XY | =miFHTH - T
LI EMBE NG S, FRROVERFRRICEELRITT BN RBIND,
Lol MEIZEBWTIERRME=2 U 7 OMEN D0, AOFJETIE, WEHE O 5
B AR P IZ B W T —Hu A C 3 pH Z i L 10 O ZE{LZ B b2 L, HRWE
DEBZHONTERT 5,

Fik

FHAEMIE, A, WRAFMH, WBRE 2 A, SRE, EROSHETHD, BK
D2 T EmEBONLHRTH Y, AE, AR, ETUIRAKTH D, 25 OHlE T
%, 1996 HF~2000 FICHMUERNERHRE=F V) L 7THEEIZL > T, Koo RRNE
FOEERAENEm I (LHES 2004; #EH S 2004), [F—H53IBWT 2006 4
2B 2015 FICHHE A FE Lz, Mool EEIZOWTIE, IR (Uhg - #EK 2010) .,
A (FRE & 2008) . HEHR (FG4E 5 2015) TIXT TICHE SN TWVWS, HEIZHOW
T, AWHECHER R EZ@MET 2, HEFAEIZ O VL, HERIUL 18m X 18m D
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CEADES

BEXEZREL, 6mEOK TR (GFF 16 2207 IZB W TEHS 0-5cm £ TO 82 £ HL
L7, BERIZOWTIE, 10 FRERICEROFEILER L T\, LarLl, F—HAIC
BWTIES 10cm S TOEBHEICOWTSHATHE LG REIZOVWTHET S
(Urakawa et al 2015; Fgda 5 2017), +HE @ pH (3 ff £ £ 7= 3 msz £ I >0,
pH A — % — & HWTCHIE Lz, FEMBITICOWTIE 16 #S O FE¥EE t BiE CTHEg
L7, BRUCOWTIEREFIEN R 5720 FHEOMEZ Lieh o7z, £72, 1996
~2000 E|{Z%9 5 2006~2015 4E D pH O B4R % E R [E 97 THEHT L 7=,

FERLEEE

oy R

PHEM OB E L M EWrm A S e (BA) Of LR 1IZR”T, BAOHIMEITEIKRO
JXRMREMBWTRED o7, THHIEES 600m ICLE L TWe, —FH, BERHE
RO ZAXHIL BA OEMEDN /NS oTe, TUHIEEERICMET D Z & WK TIEM
RIZE S TERBENKRNZ EIZLY BAOEMB/NEL oz &Bxond, KIER
DERTIIHEBITEITHY, YABEEL/NILS RolttBXOND, TOKST
. EIHKRORRITIRGTHL DD, 4ﬁ”f@¢§“ﬁ@%\%ﬁD@BA®ﬁ
MEN/NEDoTo, ZOMS TIHHEEAREICHEFLESDNEBSHT 508, 2 b0 BAD
MG /NE o -(fE S 2015), U EORRE LY, mmHORETHREOES CTH
KRV EEGHPELRDICON TR TT 5 2 &, IRE 22 M C I3 A S8 O BT &
D, HEBORAENMETT 220K H720 OBREIZIKRTT2 2 EBRBI T,

18 pH

1996~2000 4™ 15 pH 1%, %@%@E%?%%ﬁ< AL & DJERTE o 7z
(F£2), L2»L., E&mE pHIZIFAERMBABARIEIRD bR o7 (r=-0.52,P >
(mﬂoikﬁ%ﬁ@iﬁﬁgki%pH IZF WA OHBEBEFRPE O bive (r=-
0.82,P=0.09), AT 2T 2ICIFAEHMSERN Dz, IRl X E 27k
WS, KBS U 3ER O RS T8 pH I B A RIFT LRI D,
1996~2000 4 & 2006~2015 F a4 i3 5 &, HEZTHRIAIICHEZ pH O HEIN
RO BTz, tho SHATIIAERRIMIRBO N hoTmb 0D, 2EEOHRAET
pH I@m < rote, o, R TIEIMEHFTIZTE 2V b D0, +8 pH OfEIXIFIE
ML ThHotz, UEOFERID ., AEMICB VT pH OB IO T/hEL . BE
REAT M TCOARBO LT, FEATHFRE TIE, AR O 30 FH O )b A E i
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(F7ERR]
®1 REMDITETLHEBOEE WS EIESEH(BA)

Zs  AERBH(E) HEBZEE(n/ha)  $HEWMBA(m/ha) IEBNE/F
(m) HE  HX e #R e X (m?/ha/yr)

=E 1100 1997 2007 525 450 51.8 548 0.30
BERR¥E 900 1999 2009 331 326 85.2 91.4 0.63
BRE/F 600 1999 2009 500 500 56.0 67.4 1.14
y: R 600 1996 2006 1680 1525 52.1 64.5 1.24
FEEY 450 2000 2014 50 50 323 36.0 0.26
#2 2RIOAEIZHEITHRELEDPH
1EIESRAE 2B HERE P

F TiE  FH(SD) F TiE  F(SD) ik (t-test)
HEL 1997 A& 3.78 (0.33) 2007 #E 408 (0.28) 0.30 0.01
BER R 1999 #rfit 5.08 (0.46) 2009 EFZ 5.35 (0.46) 027 0.2
BERE/F# 1999 Hrfif 4.23 (0.24) 2009 REEZ 4.41 (0.29) 0.18 0.06
B 1996 Hrfif 4.19 (0.36) 2006 FrfE 4.37 (0.25) 018 0.1
[ B+ 2000 &%z 5.70 (0.30) 2015 J&l&z 567 (0.12) -003 -

*ERIZ DT, YU TILEMNEL =TT LAY,

pH OIR FARBD b, ABFZEIE, SIS 10 £ & mn7=oic, #l\ o L8R
BER T CICKRRIEIEME D% T T pH MET LW gEERd 5, — 5T,
1996~2000 4£ & 2006~2015 £ D pH ICH>W T A EREZRFIZBANELNT (K
1), BEMOMZ1X0883 THY, 1 LV/IIWEZRLE, ZOREIE, pH KW
ME E pH OEEINA K & WME A 2779, 1996~2000 F12 BT pH KD - 7= 5
TlX, RERIBROZELZ T TpHBE T L CWREEMENH 5 23, AR NIC pH
DML, RRKJGY OB E2Z T HiOREBISE S BIEEBRICH D 2 LRI
Do
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[WF7ERR]

T pH ITIF KRG RIE T TR, ZLLOERDEEL KT, FrITHRIZE DIV
VU LREDHTFH ORI LD BB DO FE A K E W (Inagaki et al 2025),
BIARODBBEENREWVIZE, BFAORNNBREL 2D HEBRMENED Z &0
FAREEIN D, AFFEICBWTIE, BA OBINE & 35 pH O 2L B IR 72 BIFR IR

7

6 -
- y=0.883 x+0.716
L0 R?=0.984, P < 0.001
=)
N ©)
O
o 5
=
o
I
o

4

3

3 4 5 6 7

pH(1996-2000)
M1 2REOH\EEICHITDEEpHDOEIR

HAILT ., BMAREDORE WK TEHEBREASNETT2HMAERD Lo T,
Tanikawa etal (2014)IZF A ¥ & & / fv@i‘%ﬁi%@ﬁﬁﬁwft%ﬁﬁﬁb A ¥ ClE+ % pH
TEMT 50D, B FTE pH DRWHKSIZE pH BT HZ 2L, 20D
b X0, AL X8> T\ 5, Tanikawaetal (2014)D & / F OFH A I
MR ThY, BREENRENVTEDICOF AL ORI ERELS, b b EWmEo L
BTIIIOICpH MR T L EHREND, —FH T, RUEOBEZTIL, BHEB OILA
BENDR, MR B/NIWZ ENOBARD T F A4 WIS K D BRI O 58T/
SWeEEZLND,

Ubkzgbddn &, @li&fﬁ@mﬁﬁ > CliE, £ pH O Z{LiT/NhE Vb Do D, pH

DB Hi I T I IIME ) 1 VB EORTIBRENLOREBEBRICH D I EBRRIE X
Nz, #EEO KRG Y %E@#%iwit IHMICHEEINRTWD EHE SRS, K
EEE R EICL > THERAERZOMEBRNEL LESEAICIE., ZRARICEEESL T

To i 85 72 & O W) E D3 A HE %%Aﬁ&ﬁéﬂﬁ&@fh%%l%i THREME LD LT, ME
BEOET=F Y 7 ikt T2 ENEETH D,

51 H 3Cik

R 2, EOARRIR, R, AR, B 0= REE (2015) EHULE I MiCkiT 5 14
R DR E DAL, BRI BT FEFT MU [E 3 42, 56, 30-32
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fRiEE s, BEER, IREE, B ER, BB (2008) RAEHAXHKICKIT D
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