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BT, AT B 2 A — X 0 IR R Lo R ) 5o
SRE ok, BEERAICR, BgoxL - [T T T e e
7' DT HFIR I G SIL OB HEA K Z < 7  E— WA IN—X =
oo A ¥ ORPOBIEGT < TIETH Y | X Ce— usoR

D FEA B S AT T e, RHTIRERT © _—1 == -

3. BB L0 S A= T DS ORIENK E Ao -

feo BETR, AURCHILO fM DMK % i s

o RRERD Y 02— T DB b~ DI e PR B

R LD A =T XY RIBINE o T 5, o weOn
BPAEBNY & LB D\ T Ik, BERHI IR r— | anoxn

RTINS 1 S THEBR o S LD L

4.5

HARKREROH TIIEIE 7 V= AB|ROBIF I N T 0722, ChiES v 7LOERBEAECC LA 1 2OHERF L
ol EZOLNE, B Y DIV — T IFKRATCHEAEE L EOERBEIFATEY . BENRY) ©—X—
2 XY BRO R ~EE AL R A Ko 2HHAIICH 5, A FOFIICOWTIR, SRIRERIC X S FFHL Wil
FoFENnCcesh, CZoEFERAKRPEETEOG T ay - X4 h4 FoRERAIBICER L6,
Wi & o TRWHFAIZUR I Nz, RICEFETIE, SRR D H 2 70— 7 CRREERD e 7 — 75 BB i
BF SN o7z, THE, AT TORNHECTH 2, HITOBMBAF L OO WL v o 2B CcoRED
BRO—D2>TH2LEZOLND, 2F 0., FKEH COFRRECTE R & OFEERED, AN 1) 72 s & IR
EEPLENGVEKE o TWwWb, SEOHE, S, AKROHIMERZ1E» Lo ay—Y XLiTid, #4 NI
L 2EDOENERORME L BOLERIC L & F b IS EER OEIERNEE CTH B 2 L AHL Tk o T,
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1]

Y UY—DIREBEK (ABS #dlM2) & Z DK

RREPEX Y, BALLZRIZ DY, FHEEENRY, BIfmEY, 7o hra?
DEERT, 2) BiEERIRKFIR, 3) REARKT, 4) @A Sr B YR,
B)I ¥ v —RET A AL MEE
1. IZC®HIC

Ix v —EREFEGITIv )ik, 2ORERHRBBOEMIZE > TEEREBROSFMELH
D Z< OBEOBEMBERT D, 7T VT ODEMBREDORBED 7 1 T 4 7 LFHTILTW 2 ZDEIZIE 251
FOMYLEE, 272 EOEHRME, 1,000 LI EDO B, 11,000 U ELOEMBERT D EINTVWD, Lol
ITEE, 2015 4ED FAO ZRANETREIMENC X 5 & RMBIIE OEMED 42. 92%% 5O TV BN S E S ABEHIC K
D BEMEIIEREIHD LTS, RERES 46 £, BERIIREEZRELRTNEIREBRVWEEDTEY

2019 4F 4 AR R CTEDOEED 5. 85%% 5 25 44 D HRFREX BRI I TV D,

2. S¥ UY—DEHEETE (ABS) OEMICHA (F1-E YA

¥ i3 2020 FE TRATEBEEOREBRIRT 7 & R L FlikH5 (CAF ABS 529) DM % EFK B 1Z
ELTHIT TR, FRxRRESNV—THT MBS 2EDX I ICEBMTEEINEERLELO>LTHLZAT
BNWBAEL, TOEMIEHINTND, THETIZRD 3ODFEEFHIEATH D,

- EFRD ABS Ml F BT T D7D O, BURK, HIERRES 2T 5,

- BEBROFAE L REFEOROEEEBE LT, N ABREORYMADKEEL RS TS,

- AHBRBEEOEBICERT D2EERBIUVHIKR I 2 =7 + OAZRILT 5,

2017 FBE, RARBREENRSYE (MONREC) | XEEBAFEE (UNDP) &L#/) LT, TABS 2 EM$ 5720 D
AM . TERIRSA A, RIERIRED OBk r V=7 PRER I, FEFA I TV 3 BEEFICEET 5
ME AR 2 M LAET REBRELE Iy v —BED L ) ITHETREDITOVTOEELZRRL TV B,
¥ 72 UNDP & MONREC 237 LT MEEEIR L BEET HEMAEROEHBR A #ET 2 LickdIx s~
—DAEEBEEDEMLAIRE S o) NEERT H2OICHERREY 7~V 7 1 (GEF) ~D&&H
FBICHBBMBEATND, LLAanb, ZOEMBIZATTEL OBFREZREZALVNERD DB AMITRE
<ARRL, ZORIARIEBN TS DICREDOTXTOBEDLY 0HLHEICBIT 2L TERESICRT
HEBIILBEN TN B,

3. HHEDORHREMA SRERE - BATHEBI~DEMY & ABS

Ix U —i3OBERT I B DA BEEBETH Y, URBREE THEA V7 TBH 2P LKL 2
BZEBAIThNCE T, IHETIHRESFICBITZ2HAOBBEAICRY 2018 £ 1 AICITARDORES L
MONREC & DBURXFENER L CHEORER I #IEKT 2 L 0ERIFABER S, 2019 FEITiXIvy o~
—CHO TEBARICLEIBRIET A A MIRBBRIL I, TOFKEE L E=—TIXMONREC KEZ##H\ T
AREREL JICABELHE L, SHITFEMZMTHIX Vv —DFERFOLBRLTHFRFEL DEED
BAIHEATND, TNHDOFEENITBWTH ABS ORFMICESWEHTHREZBEXIHERLDHD, Iv
VIR SRR BRIR TRV O Z L) bt - UEEIZBIT 2+ RBEBEERRAIR TH D,

(FE 1 . AT 2021 4 2 B DARTOEKRNIZ 1T 2R EZFE L 72)
(Fi& 2 : AIEBhO—ERIX JSPS BHAFE JP19K02349 DB %2 5% 11T 7z)
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goboobooboboboobooboobobooboobooboobooboobobobobomobooDbo
goooboobooboobobooboooobooboboooboboboobooboboobo
oooobobooobooboboooboboboobo 2000b03OObDODODDODODOODOODOODOn
ooooboob y0O0@mboboo0obOo0obOoboobOoobOob soobobobooboboobobOoo
gooooooooboboooboooooooooboboboobobobogoD 20060000 16000000D0O
goboobgoooob 4000000DO0OD0O0ODODDOODO0OD DbOODOODOODOODbOOOOOobOoOoO
gbooobgoooobooboboobooboboobooobooboo

2. Zh Rt B A B A R TEIORIE

oooobobooobooobooboboobobbooobobDboobDoobUooDOoobUoobUobDooboo
go00ooboooobohalD0D0ODOO0DODOODDODODOODOODODODODODODODODODDOODODODOO
gbooobgoobobooboobobooboooobooboobooboobobooboboboOo 400
gobooboobob400bi10b000DbO0ODOO0ODOODODOO0ODOODODOODOODbOODOODODOO
goooboobobooboon

TIEGRT

o = =y iR IRESE HERE#E(ha) RMR BEEME T, ity
3. EEHEOMEDEN & IEREY ELRSCS TR EESZEODT N H(ha) (g) CBRAS (ha) (m) —‘%;JJ 0I5k

UE+E®EE 20034 H154E RBRAERITL
20044F H165E RIFSH 28 21N
oobooobooobooon 20054 H175E =jEEtE = 0.98 0.46 700 28 22A
|:| |:| |:| |:| D |:| D D |:| D 20064F H18%E 370 2[E 45N
_ 20074F H194 3,200 3E 48A
: %)J’H‘BE-I-E (2006 E) 20084F H204FE iEigl 3.18 8,400 RIS 28 28A
20094F H214E 9.94 270 0.61 1,098 RIFSHAK 26 24K
20104 H22& % 8.69 4,000 0.53 954 2.66 955 = 38 33A
20114 H23&E 9.89 1,300 1.00 1,728 3,070 2B 51A
- 51 EKRET (2009 ) 20124 H24% B2 4.54 12,100 1.20 4,309 4.61 28 34A
20134 H254 7.01 13,000 2.53 7,880 5.52 & 26 40A
20144F H265E 4.86 30,600 0.66 2,400 RIBE 28 37A
20154 H275E 5.54 8,400 0.00 0 4.67 3,080 = 2 37A
.25 2 @ENET (2013 &) 20164 H284ERE iB5@3 8.28 16,900 1.88 6,759 1,747 26 54A
20174F H29% 14.36 0 3.90 13,081 4E 117A
20184E H30&E 15.86 40,900 3.92 14,120 ® 4E 1164
20194F RO14E 14.36 10,000 6.75 12,140 3,845 HIES 3E 93A
20204 RO24EE i8f@4 20.16 38,300 7.72 13,902 & 38 85A
20214 RO3ERE 22.81 0 3.32 9,254
. 5 3 E%RET (2017 £F) 20224F ROMERE 17.73 3.20 7,749
20234F ROSHEE 10.17 2.00 3,842 &
20244F ROGEE 6.37 1.00 3,600 RIBBHK
- B4 EKET (2021 &) CH 184.7 187,740 40.2 102,816 17.9 13,397 42 885

%2022F LUFSEHEME, BEERFERERET.
XERRREZYUY) OREIRIERA S, thFRERR - HFME - B FIMELEORBOEMERY .
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1. EL®IC
POKAERERICE T 2 M HRIEIX, BRA e NI E
Kic kv 2l R H LA HEA TE Y, EETRIERSE
TIREMNERHEEI N TE 2, L L, 2RSS LD
FHIEICIEE > Tk, 20720, X0 3R RS
SR DB PLEREIC O W TWD TR T 2 BERDH 2,
4 B0 A E 2B KW o ERE T, BOKAERESR
T > THRANARBRTH 5720, MREE A R H
REAEEEOEMNRE ENTEL, LAL, =X
Vv 7o MR E XD 0 XEHE O SR
BIFEAETHY, Ilic s T 2 HEEEOE
BT DI S TRy, ASK, NI, T
WMWK AERERMEF IC B WCEHETH Y, ARDHK
WKIGL728E DL Wiz, KLY b % S ogfrT
HAPAFEREMI N TESR, T2, H L okEE
Yz, ARME ORI X W EEREHERFLTw3C
o, A REREIF)IIA Y P — 2 NOLL
BICKFT 2 REEA R I T wWd, Lo L, EEE
DEAEFEICENTIE, FETORED R LI ICH
EMWEEET L LRHL, v v ey -2
ZERLIZDDIEAR, 2 TRPE T, W0
HAMAEREO R L2 HC, M4y b7 —2
WICH 1 2 Ao EHECE 2, fERFEICS X 5/
HEHOPITT 5,

2. WEHE

JLHE RS & i 2 KR o /RN B 0» T
% HARINDO LK VIC X B0E T Y A b7z X[E %
T L7z (BBAED)I, 52E)Il. vy <XV, Rl
BN, FIRE), X X100 5HEPEKE) . cnbo
AT, TR THELY 8~21 FEAHEL TV,
i TIX R I3 EARIC X > TRZR 3729, 500m %I
R 100m OFEY —F 2T, EXvavh—%
Fwvc, &V —F 1 (2 ~R) #Ex{To7, Lk
X N-TEEE R E % FIvsC. Shannon-Wiener ® %
BREERZ ) —F LB I Lz, £720 TIIIKE
CBIFELE T AV MTBWT, 77 7HEmICE S\
s (AIIC) #EHLAZ (K1) . As, b

BRI D, FRYCESE D
D WIRRERY

Za—U A b 2010 ABEIC, B L 7 sk
DMFIE L e 5 3. SRR 2 b I3BRAL L 72,

3. WMRLER

2020 FICFRAE % Fh L 7B I, sEH)IL. v
~YJIL BXOREINC BT, &FF 12 FE 5320 {#
RBER I NS, Ao PICIZ, =TV R 7 FYa
7 Lefua nikkonis (EN) < ¥ >V X v F X} fa J1
Petromyzontidae (VU) % OBREHL v F U 2 MCEHEK
INTwIEREETNTWAE—T T,
Oncorhynchus mykiss, 77 7~ b 7 7 F Salmo trutta.
¥ X O£ = Pseudorashora parva D4 KFED & Fh
TWwiz, YV —FICBTsHHDEKEIX. FH
1.2840.43 (SD) (A - K = 0.54-2.20) TH Y.
dIIC 2SE G SR WA B o 7228, HED ) —F 2
T 2HBEED) B X OFRE)INCE T 2R E S5
FEix, RUCEJIIANTD V) —F M cR A 2 E %R 3
CH o7 (BBEDNORD-&K=1.06-1.39. 5¢H
NofA-5K=0.54-145) . TDZ &b, HAFE
Hic B1F 2 O LR X, AN O AT 72 BR
FHICXoTO—EDHERZRT 2 HREWDLDH 500D
LiLZa\v, RFERTIE. SEEFELEM T 2 HARH
AR . AKZD S TV R LITER S N HAREAER
REINTOARWEHEKOMI X 7 X v ik ) 5 A
EREORR LM, EREES B O BERHEICS
Z BB OWT X VI ERT 5,

Vv A

60 km

oL
X 1. H§FEE BT 3822 2 v F o dIIC
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EROEGRENICLES A 0XEOREEFREEZDORR

WG D, ILHEEZ 2
1) ABE R R PRSP, 2) ALHEE KPR R SeRT
1. [FLC®HIZ

IR, INE F 23T 2 WAL OREICEE#RGEE AW, Gon SR T — 2 4 BB T 5 2 & THRZ A5,
BT 2HFFNEZ TETND., ZOFETHETICLATEEIVFAELY L2 OERPEON, 0B 9%
T3 ipntcw, HEEZNFTE D eI TS (B 2020). UL, JHEXMSROKRFLITFHAL L BT
&Y (Sugaietal 2019), BB TITFEF DD EFMBITFIENELINL TR, 22 TARMIE TN E F %
I LHatuXEERNGR L LT, FROBBMGITICL 2B FERIEELRBE L, EOREZFEm L.

2. Bk

21. ERREEOBE WAV BEXOEFT—4 % 256 MO AT ha /T NERA~ZEH L T, BiixtgE
DU E FE DA (Hz) 2R E L, ZOFENHET 2 8RB OBB A L. FROBERIZHD /A X (5
w /A RX) ZRETLHT, oy H UEBOERED S EER T & ORRPEHERELZZ LW, Zhz
BRHAEGR E L CEOEBNSGT > T L— b~y F U L D RBREOFRERNT 5 —HO T V2 U X A&
L, RBRFEOIERTEOHREDIED, EF 77 ANVANOT ¥ —7 (BEXFOOEXYIY) OWMBIREE T 5 X5
WZLIeAZ VT NaERLTc. 22T, 707 b— MERITAHE 5 [ERDOFER AR B A AT H L, &5
EOEHE#EME RO D Z & TERR L7-. BIRESE X Python 3.8.5 T, HH DA E AT s u s T ADIERK
|21 librosa 0.8.0 %, W fEHTIZI% OpenCV 4.0.1 % H 7=,

22, BRHEEOREERIE Ao HIETHEERIEZITV, MRFEOT > 7 L— NEfg & A S O o BfE
1B 0B S E2D TP R (FE ELLRIET2%E) & FP R (Z0fMoFEH > THEM L BT
HEE) O&EbEFRT ROC iR (Receiver Operating Characteristic curve) #Rb7=. X 5(Z, ROC thifgd T
O TH D AUC (Area Under the Curve) #HH L7=. AUC X 0~1 OfEAZEY, 1IZiWIEERExTSRE
TOMEEBIFICHETELZ L Z2RTIETHD. TN ORELE AW TG 2580 L 72, A6F58 i3k
BIZOMAT D r~aduX Teleogryllusemma (LAF, To~) L X URATAaAvaX Loxoblemmus aomoriensis

(CAF, FHA) 2R e Le., =~ 3 dbmnE RFPALIR S v o X2 (FLIRTT) , 1 A XRIFEIAR > o B ARG
B (BIBETHET2EMRT) & A8 iR X B AR A di 3t (FIRT) I W THE R L a— X —Z2HOWTIREFOV
YV T EToT. WERIECHWEER T — 3K S T4 T, REFET X300 TH5.

3. BWRBLUER

LEFEYS U TAEHNTCEFEO AUC Z:RO7-ER, =<0 AUC 1 0.88, A A1 0.97 ThHo7-. Zhiltk
DFEL HEWVE CTHFRERIEHTE D ZENREN, 7o 7L — b~y F U I L DFERBENETHD & &
Z b7z, ROC #i# &0 TP 2% 0.90 & 702 & 9 [THPIZORBIMEZ T LI 5E, 40 A D FP %3 0.06, =
Vv TIX0.33 &£72 0, AW AHARTZU~vD FPEBEWVEEZ /R L. ZOZEMND, A8 ADIE) iRt
WS TH D Lz Tz,

MHEE L, FN (fAFatE) & FP (A5 @ 2 2lc k> TR T 5. BEBICHWEZEGROMRIZL > T, =
XA T AR TERIZ LD F IR OEFE VR KRE W Enbrolz. FROERPRKE WSS, 77— L
g &R g O R E OFERENMELS 220, BEICE > TEoMoFE 0T EN#LL D, 2l
KXo TFNR®ELTEEEZ BT,

WolX 9, FP &7eo TV EFIRD &, ZUEFMICEBLIEE R/ A XA Tholz. ZOZEnn, 22T
R L7285 T & ORFFPE BB EEZ 2= LI < FIETIE, R/ A ARZERICRETE VW RnEEx o,

INHDZ LG, AR THGE Lz 2 FTIEEWRHBENG b, KFEOADMER RSz, L,
ERIZ L 2 OB NSCHERDOEZICH D /) A XL DB ORMBENRH D Z EAVH Lz, S%IIMEROFR D
HEWE PR CE Dl 72 EOREEORE, TR/ A XOREOHKE, HDHWX, MROFE 7 A X250
TR OHEEEDOHFINREL L THERIND.

SE

BrEtE sk (2020) H7ET — X2 X2 BAEYREOMEBEIN, BET &2 A MEaEE, 18(2), 3-9.

Sugai L S M, Silva T S F, Ribeiro J W, Llusia D (2019) Terrestrial passive acoustic monitoring: review and
perspectives. BioScience, 69, 15-25.
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=EFHO, HEZ, HRE—. JEZ ) EaxEREETE
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AFEOHTRE B, BEIRE LICR LAz BY TH 5,

WEICEET 2 B oo, i, EET. FIcyEBE Y IcHEEI NS LIEE L. FETE2 RS
L7,
. MERE ST

FEIZ, WY EWHEEERIE L [E U <. 2019 4E 8 A 30~31 HIicEfi L. fEr b AlEmaliEs oMlER L-1 (5138
FEhEX I, UEiER) 105m) & L-2 (L-1 ol crBRIEEMXIR, WIEiEl 63m) 205 e L,
FEHEEITROEBVTHY, ERBFBELLCEY F 7+ —A Ty FICk 2RHMEHAE., EEHEHY 5
NV avDEREERE YT, $RfTE LT, iRV XTI 72
WEEFE : 8/30 Ft L 8/31 4w

HH FAE TR T RS

BoM [ #HEHEMEER | vy b 7= Ty T A YBRERSE - A SR L-1 - L-2 D
(R HLIA o fifi e 3X3m®a F 77—+ oHic 1 {F
b &) vy F74—1FFv 7B L-1-L-2 ok & i i EAREE I 30 {1

HEME | AV I v Iiay | BIEYZD OHHEOHER vy b 7= Ty TS A DOHKER

BiRt 3 2HFE 8/31 %

JEHH FHE TR FAE ST e
Eht | B (BRAof | iERXS 547 (L-1:9 A, L-2:8 | L-1+L-2 ® 30miEA<T 10 4 X 2 [1]
WD &) N) X BIHRMEE - 2 EERE | 3B ICHMRE 4 ADXRE

. HAERSR

FHEMROMEILLTO LB THY, BRRCTIERICODWTHEET 2,
By b7 —EFT70T7A

CFEEG AL 1 ey P offEEE b, BIRIEDIA L-1 3% 5 5 72,

< L-1, L-2 &b fEfRBUxPER (FERED 22 5 GTH) Crznwg k2 HmA700 bk,
By 74— 1FF9 7B

CRRFEEUL. IRIEOR L-2 DJ703% 00 5 7o MEREIE. BIRIEDOIR W L-1 D703 % 0 7z,
-L-1, L-2 &b, EEUIMHED & 2 el <% <. EAERBUIAEA © 72 Wil c % s o 72,
WH7 773 ay0RRHE

CHERBHER I N DL, FHFRE QLD D 3, FHTICHEEDSH 2 HIHTH - 72,

- L-1 CHRAS 2 fllfER X N FiE 2> & 48~51m DR (3, TR 28 BRI E WL © B - 72,
Wikt v ¥ 2FiE

RIS DR L-1 o J5 28, B EfEEe $1c% 2o 72,

- L-1 Cl3, FEEUE 1~3 [mH oM, (@80T 1~2 RBIcEP L, 3EEIZ 1 EERECRE 7=,

- L-2 TlE, fEUT 1~3 [EHCH U 8 fE, fEAEIE 1 [HA 23 i, 2,3 [\H I 18 ik Td - 7,
. SBiconT

AK7udzr &R0 S5%OTHIE, EHHE ot ThH2, BREFHEOMEL L i3, Mito
HOWENZET S, 2020 RN Ty P 7+ —A Ty T B ERLUEERIToZ, Y P T —L
P77y 7Bt EEGEEREmMRL T2 HEIoEYERHE~=2T7 L ()] KL TEY, Sk, b
DIFFEPBEDOER L OB AEEAFTAET A v LT3, 2020 FFHECcEFMN v N TchRE v
FRAFEZEEL b -7z, BB ICE T 2 BYYEN K ETH 5,

AR7mY 7 MICHEREZTEO TS FHE EEIRE [ Icii#Es 2 CH &,
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ZIREA A —ONAMSEICEETFRDO)E— LDV TORBRHR

CARRADY, FHEiz 2, HPIE 2, gk <9
DR RS, DRBRAATF 2a—FT » T F—T A b H—,
B) R R I B P NE NS s

1. i

TR TOBLEANE, RONT-THRFHIPNIZIRBUCBI 21T 9 WER DD, ThD 1 IRAEFER Th 2 IEARREAIL,
TROWMENERZZ 25 L THELRDLN, TONMELNEMICHES 52 7-DICIXR o THFERICK T 5%
BOY T DD, HEMBLEZYE— MY I FEMEOEELZOND. L L, HWEVE—E
Vv T TIERBIE MR T2, UAV &g /R—= 227 LT AT B LT3R FEOBEANE 2 5D, Bx
DHFFET — A TIEEAf 72 NA N—= AT ML T ATIZEDY, HIROA A= oY ma—F VT T 47 4
B RBLONY RRRAT 4 VB BB E DTS WEA A=V 2B L, PRI LS RA
A=Vt R UAV ICB#T 5 2 & % B, ERAEEREBH O ELBAIRG 21T C& 0. ZO/RR, ZHE
A A=K F N OE ORI RAEEE L 7 an 7 v a OB, 77 A =~ AT omnoiGonict
NEYHIELS WEDTHH-72, FHIKE LT, BBET—¥ OMIT FEORBENRE X O, 0, RKFETIEZ
AVE TH O BB T — & 288 U Bt 2 920 L 7-.
2. FE

BIHEIHE, 2018411 H 7 H & 2019 4F 10 H 26 H~10 A 27 HICEMEHEE T T T, 201949 A 14 H,
9 H 27 BICIRATITITolz. ZRA A — V0 U 2 E o 7B & DD T2 7 7 A N —~ L F 53 leii %
O T BIING PFETEM L7z, ZERA A — D0 UG O BT X EHGAEYT V7 b @ Imaged & L,
#IE (450, 500, 525, 550, 600, 650, 675, 700, 750, 800nm) DM FTONDMES THhs Ly MNEKZE
KDz, ZNETOMHTTIE 8 By MCHGAIL AT > TN EBRZFRNIC 16 By MeT 22 212k, fiF
Wrs— & OWEREE 266 (5105 2 L 2RkAiz. £z, KEHLS TOREHE» LW EFCHBO T LLE > b
DFFT OISO 1R ZZEE LT LT e, Lo, Rl ot mIZIEFIcE <, RIEE(LEDRE L
EBZ2DHELL OEBE VUL LT TP REMEOREENFEE D EE X, FWHE I KA KOWEBEZEELLE ¥
NMEE DOV ZRDT-. 512, ZTAETOEBAIET 5X5 (25 B2 &) O#FHTY Y B-o 7= Eifg %2 FHr L
TV, AENE 10X 10 (100 &7 /L) O#FATHEGA Y RY, FEMbE1T5 Z L CHBOE Y By A X
DEBEERHTHZ &L Lz, P LZT — 213 550nm THEEEZITWZ me 7 4L L OFBEZRDT-.
3. MR

8Ly F2b 16 By h~EZEHT 5 Z L T 650~700nm O EH THXHEEDR T RNR O, £/, LEio
FRAT & RARICHEBR E Y FOT LOFT O 720N b DOHZE> THITLIZGE, 8 By Ma 16 By ML ERT
LHirzvnT 4 a OB L TEXE (25 7 /1), 10X10 (100 7 &) HITHBENEL 272, L
L, HE 3 R4 MO 25 LI LT — 213, BGROEMENLO L&D THT Liz-0, 7T1L0F
FOLIN 1O T—2 X0 HHEEPMELS feo Tz,
BIEE © AWFZEIL, JSPS BHEttt & mibha (BHFE) 19K04669, 24 FHyE AR o)1 4B pkFi3E (Bhak
F5 2019-5211-003) I X OVHIERY: AFFESEmbaiBharm (Bhaid 5 17S004, 18S001)%521F72bDTH 5.
BEXER 1) KD 1 ZIWEA A — V0t 2 0 7= TIB O EAERERNCE T 2 EMme, LA R
£ B2(ff /= L%), 765 2%, pp. 1.1357-1_1362, 2020
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1)
1
1 Ccv %5 ———
5 |BILE A1 EEV=10 mV/s
15 1 I
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GCA w;géswtém
10~20mm D FEAHEOEL @ BFEALOMH] e
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GCA
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X-1
®
BEE-1 GCA
GCA 9
GCA Ca2t, SiO2 [ J
pH Cazt Na*
CaCOs
GCA
. GCA
(2) GCA 5
1
GCA )
B3
Vol.72, No.2, I_934-1_939, 2016.
2) GCA 2)
3) B3 , Vol.76, No.2, _810-1_815 2020.
4. 3)
GCA 10 m X 50 m ” =g B3 , Vol.72, No.2, 1_658-1_663, 2016.
- 4)
1 2021 1 B2 , Vol.74, No.2, 1_1297-

1.1302 2018.
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7o, TROIEM E L TORRBMENRE 2 bivD A3, FEERICHHR TR L2 RITd 720, RIFZE T, TIRIER
e LUTHEAT 72T 22 L2 BRI, WA Z 7o, filko 5 5EEry, #EAH L7z kiS85 4 Ehad
28T, KELAMKEEAMTHLT V) ~OREZHFT 5L L HIT, EBRITHEBICHERA Z 72 Lz A
THERZE L, KAEY, FFI2T73 Y 0FRICEL TEORERF L
2. Hi

ABFFECTIE, FE RO R T 2 R R FEEEERITICC, 2 RO ER & FpEIC 1T 2 AW G K ER
N Lo, EREIEIE, 1EIE oK SR 202046 H 22 H~9 H 16 H, 2[FIH2310 H 156 H~2021 41 H
20 H OMICHHE L, EkoOERIT 2018 48 H 27 HOBE LHEMNLBIFE LMk L T\ 5. KIEEERCIX, 55
HEW, WHAZ 7 (X 2Axayr Re), HEME AT 7% 55 OHE (E&E) CRAELZEAY, Bo4FEo
B Z VW72 FRP ok (200L) %24 21, BFF8MHEL, F—HEED 2 >OKMD 5> H AN DHT 41
AN, KIS R CHERATICRRE L, BRI I 5 O KRR % 2200 Uil 72, 1 [81 B O K F25R
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3. MR

1 [B] B OKEROBEKEZOKEMEDERND, D RITLARLIZ Lt Vo NMRICEREL 52 2 H548R
HIEE A ERBRH TIRIELL T CTh o7, pH IBIL T, SR T 7 260 L2 A THFZEIC VT, FElR CEa
ERLTWEb DD, RIS DIRA T 72 M A LK T, WKERRTRERBOENRRLONT, =
MITERSE TE TR R ONRh o7, 2 [BIH QKM ERIZE T 2 MBAKT O T-P i, EBRIEG, B2 77
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B LTI OB DOENZ L2 HEIR OIS, EOKES 80%FREAKZL, 79V OARIZEMA T 71 E
RDOBIRELS LN EEZ OGN, FERTORAT ZF R TOAYERIEFRTIE, 2019 4 1 A TOBMIT1H
TEFNIC 50 ERREO T VU OHEE BRI, A0 BLRIINT T, BRI T2 004 XI3adE L
e, EOBRNTIE 1 AN 1T EERREE CRUD L, 24E 2020 4 1 AICHOHE R #HEE S, 7Y IUHBEOE
BHERE UCHRET 2 Z &R I

WEE . AFEZITOICHIY, ZREHHEZ L TWEFEWEASET D=7 U U IS, X b AL
W2 TN T2 B K R BRI 2R OFA 1T, WRSHEILR L BT E 9.
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7z (1¥-2), BoA ZMRIAVVMAEME~DOHEIEN % H
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B BERMREE A ICA Th 5 DIkt L, BAC 135K
WEEIZADTIIRNZ LD, ARloRRIREBIC L
HIWFEIIIRREFEPE G LW Z E R EI L
%o IRA L TODMAEM ORI Z FRNIZI D Z & MK
HEZRBRET DNA Y 7V &4l 5 BTl PRAFEE DI
ZOHOWNIEEZET D7, MU R IRIFIED
EZEZ L0 IR T ORIFN AR/ R Z DR S vz,

vy

o

= NTC1

- NTC-2

= BACO1%

= BoA 204
505 02%

REwI-#
DAV EE 5%

=]

DNARL/NTC2-0
=]
4]

o
[=]

2 6 8

(=X

4
e E

a) 4 A 14 H¥EE

2 NTC1

- NTCZ

= BAC 00108
= BoA 2%
- SCHPO1%
- SCHP02%

DA R /NTC2-0

0 2 5 8

4

e aHEE
b) 5 H 26 HEE

E—1 DNA BREEOH# (20°C)

& NTCH

-+ NTCZ

= BAC 0.01%
-7 BoA 058
&= BoA1.0%8
- Boh 2.0%

DNAEE/NTCZ-0

EEBHE

E—2 DNA IHEFEEDH#HEFE(30°C) 6 A 7 HEN


yukina.harada
テキストボックス
FF-1


FF-2

IRIEDNA A Z/N—a—T 1 VT B E 5 X HKEEHDBRE

B D, AR Y, KA U, IR Y, RINEY, PAEE Y
1) BARIZERT, 2) MRl sk BREEArZeT, 3) [E A @A ) 11 3R GE ikt

1. IIC®IC
REPIAFET D DNA 2075 2 & CAEMO MG RES L D & T 28R DNA HIF2NTFE 2RI E LT

W5, EEZmENERT D KL OERFHE ] TIE, T—<dlHEICB W THERA & BREE DNA R OR: 5
WCHLBEOHENALNIZZ E0vh, A Ml & S LA B L72REE DNA OEARKRGF SN TS, L
L, BBI DNA A X _—a—F 0 U ZICBWTIE, Bk OKERE WIS RICKE B2 RITT L BESRD
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4 V% — (Millipore t1:, L& :0.7um) F7/1Z A7 L7 4% — (ADVANTEC 4, L :0.45um) TAi#
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Kiligth ¥, KREIEMH?, #AREY, REFTE"
1) B X RARC, 2) AHBRZLAT ARRC, 3) Ik B RIKERRTLA

L oic

FEORA 22 HIBRIREA L OMEIT N PRSI DT, AWM DAL AUTHE O BIRTEDME/N « M, & HITARE
R —EA~OEERREINL TS, BRR)IITCHE, BEEARKERER (BE—vx) Tbv, o3k - #
JEWR GBI —ER) 18H7e 5> TV D 7 2~DORBEED, ARFHICHHESNICHBR STV D.
7 T ATE S O H ) B - IR EECE A WA A FIA T S EEREOF R TH Y, ATEL R
TR B DX A I ZIKEPBERL TS ESbhTWa. Tz, RKAREIP - KI# LT
TEPRASORAFER @R BIITIE, 72054008 1« Bl « FEIIO X A I 7, ZOIIEICR L, R
LR RIETHBIIERBRIBR L oo T D, WJINCBIT DKAEAMICRT 2iRE(EREL LTE, KiEO L5
LIRIOZEAL (FEKLBK DB E D2 L) BEEEND A, SEOFEEXRTIIKIRICED TS, BWVMEN
DHARDE D > 72 2020 4 8 H LA E 12 A BANIHNT THaME T1T - 72 7 = BR B8 DNA A 1Z L 0 & B Ikl
BIT27 2ORFZEMEIEEZ A O L, EEEAT—Y T EITKIR L ORRE KRG LT

. RAETTIE

FRJNVEEIC R E U7z 42 Er oK (RIS 20 @&, 4 SJINZ 22 (&) 12380\ T, 2020428 H 11 H
25 12 H 1 BIZH T TR 2 RIS 1 [Eo~_—2TEHAKL (GFF9 B, 7 BREE DNA OE & PCR % % L
7o F iz, BAKHLEOEIZERBE LIZKBEA—I2LY, 1 BEBEZOKET —ZZBE L, FHKAIZOW
CTHEA LERMO B FEEKREZFE B L, KBOXHT —#1%, &bMABEOEWIEBEOKIET — & 2> THi%E
Lz, BEOKBIZOWT, 7 2BREE DNA & (copies/mL) ZJNEZEE, HVXPKRZFALEE Lz —HILHE
EFETNVEREL, EENAT VIR OBEEKEEZRF L. £72, KA 2L DNA EOMRMEZRE L,
Bk B OFXHEDOZA B 2 ISE A EL, AR ZSAEE L Ui —BIAbRIEE T LA REEE L, FEIRREIT O
LT 20ENBEIO X A X 7 LKIBROBRERR L.

. REREBR

WEOFAKR E7eo728 A 11 B, 72dAR) Btk e 1 SOJINTREL TWe. Ziux, 7T AoERICH
T2 DA D DRSS 2 [ L7 IREE L B 2 Hivdz. 8 A 25 AR T IR NS oA &2 IS 7208, B SE#I/KIE
20-26°COGFTICER LTH Y, BKE - BKEIO 540 A3 < ZKIRIZHK S CTunie, [FRFS, AR)~D 5K
2R L, ZNERAC X DB EAB RN RIE SNz, 9~10 H EA) GRES) 13KEOE FICHEOANZ /346 & I8
o, 10 A FAICIZEEIRRTIC K - TR OS2 45, 11 A IZEIIEH & 72 o T RO A8~ Btk

(ZEEH AT LTz, BEURRRI & A 2 v ZI3ath ©h 243, HFERKIEN 16°CE FEIS L iGHLT 2 EmA H
5 &9 72 RBAIC XD RE - K OKIR EREIARNNCE T 57 200 &2 FRE A HET 57210 T2 <,
AN TFRIR O K PE BB E OB I BE 52 ZREMENH 5. £, HOKIR ERITPEINRET %38 5
, PIoEFRLAT = ((Ffall]) ~oFE2EL, GFREZOLOICHETINE LRy, —J, K
DOARIE LA 2T 5 FERZNOEEMEN SR —JEEELbDEELLND.
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RRIIBRKHMRMICE T 2EREICH=57 ARER I M DOIEE

PRARGESL D R 2« JE SR D)« K LR 9« AR

DI RRZRFRE KA ar g b 3R
1. [FL®IZ

7 =(Plecoglossus altivelis altivelis)l%, PN/KIIEIEDKEERO A2 54, BRSO e & OB &R &
LCHEERAFECTHS. FICERINZBWTE, BARTHE—OEEBHEFREM Th TWD ey, SUbry, BRI
LEVDTEERMAFELERS>TWVDS, 20X EE&QET%67J®@ BARET 2 2 &0, KEERE LT
DAL, REINFIEOBRHESLILE XX TV ZDICHEETHLb00, 1 FEBLUNIEZY A I v
B4 27 ORI, R ERICHE-S< %>0)ﬁ>é?b\. — 5T, BREL DNA fERF R 2 T, &
YMIDLE « REDHT2 b TRERFEOZEMAOM AR T 2 bR 3h>oH 5 V2.

Z ZTAME T, REIERHIXEZ 5L E LT, 2018 4725 2020 425> TEEEE DNA iR BIAAEHT 21T
VY, ERIRHIX HIPNIZ B8 W CIRRZE B BIIC 3 AT 2 77 = DB R A RIS bk@ﬁﬂ?é.ik,%@%@%itéﬁ
TWDLPEHERIZOWT, K - KBIT — 2 FE 2 N TEET
2. Fi&

AL CIE, ERJIFRHMXKEZ %502, 2018 4F, 2019 4, 2020 40D 3 » FIZB W T, EREE DNA FERERM)
AT AT o 72, BRKFIER D ONCER PCRIZE T 5 —HOTIEICEA L TIE, DoietalV&#&HIC L. 7272 L
2018 4, 2019 FFIZiFH DA Dol et al.V & (382 5 FikE W, 07, 20194FED 10 A LAIZEK L
> 7 V%, DNeasy PowerSoil Kit (Qiagen) Zffi /] L 7= F#£ L Doiet al V&S EIC L= TiEE O 2 SO Hik
TEBT 24TV, PR AERT 5. ZOBKRRNAHWT, 2018, 2019 OfER%E 2020 FOFER & TE D X9
IHIIEZITS . b OfERE, K[& - KRBT — 2S5 AW TELET L. FFEEOBRKM AL, BRKKREE,
HEE#R 1IRT.

# 1 BEEICB T DB RS, BROKIER, fhit Tk

2018 4 2019 4 2020 4
KR 10 HiA 5 Hit 5 i
ERAR BTN 4 ~11 A5 13 [ 8 H&L 10 A~11 AiZEt 4 10 H~11 AiZGEH 3 H
Fh DNeasy PowerSoil Kit (Qiagen) DNeasy PowerSoil Kit (Qiagen) Doiet alV& %%

3. WHREEZOHME
2018 EIC 1T D BEHE DNA oA oG H, Bk 2L OBREE DNABREDIZS X LY, KA ZLDELS
EOHMPREL L->TEY, ERJIFRMIXEICKT 57 20BEE, ZEHARZE) L BRI ESO TR KE N
L NHERENTZ. £, 2018 EHEICE VT, 8 A BANCEREE DNA BENKE KT LTV, Zhim
SR EVEKRTKIEBEN EF LD PRI, KEBEMEOD ERTA~E T 2RNBE L7201, FR-XEIZBWT
T aEEE DNABRENKRE WD LIZEEZDLND. 61T, 3 7 4FEICBT 5585 DNA O OfE RN D, FEL
WCAKEIC R & < BREE DNA RN EH L T DRI HER S Lz, 2 EIRIOBRLERETS & B 2 b D 73,
2019 FDHEREE DNA REN KR E < EA LIERHIN R o> TR Y, RIS U THEINFGRFI AR > TV D
FMRRLNTZ. ZhbDBRBLORANREZIZOVW XY BRET 2.
BEE . ARUFSRIX JSPS Bt e JP19K04612 (83 : FHSFRE) OBhEIC &V FEii S vz
SE Xk

1)  H. Doi, R. Inui, Y. Akamatsu, K. Kanno, H. Yamanaka, T. Takahara, T. Minamoto : Environmental DNA analysis for estimating the abundance
and biomass of stream fish, Freshwater Biology, 62, 30-39, 2017
2) WD : BREL DNA REIC X 2 ZB)IMIRICKIT 2 7 20 A RO, U ~—7 v o MFFEFT#E, 529 5, 5-12, 2018
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IRIE DNA Z AW-AEEREICE 1T 5 5l 74 S 3R E DIRE

MGV, ATV, EBE Y, JR)IEES Y, RINE Y, YETEAE Y, PRER Y
1) BARWIZERT, 2) BREEXBRENTIERT, 3) E A28, 4) Fi 5&imm

[ZL&HIC

BRIEHICE 115 DNA OFEH D FFE O S FERE O A BRI Z Tl T~ 5 885% DNA A X X—a—F ¢ U 7 fiE
Br (LAKE, MBEHT) 1%, BiLWAEBHOE=4Y) v 7 FEL LTERESATWD. ATRE2AEREICY T
EO75E, B TOERITEAKOARLEGTHY, 5571« 2 XA MIESEIRE ST\ D, ELAmE 3T 9
ﬂmmelﬁﬁﬁ(uM,ml)@ﬁ&ﬁﬁLkwT%MB%ﬁ®%Aﬂ@ﬂéhéﬁk,ﬁi&@&é%
FEZANT 2B M HEA TV D, MBRITICE W TIE, ZHE TOKET —& & Ot 0@ S0 5Bl
BEREEDEMY A NE/LIENEENLHLOD, TOHDOMAREIZET HHMAITZ L. A& T
13, KEOBFEEH AR MB T 217V, Sl 22 PR LR DR E HIEIZ DWW TIRET L7z,
REAE

SHEBRAEARADLEL R OKERERAE 4 X (X 1~4) 28T, EEOEAK Y —2 (510
~16 Mg HIX) ZRE L, fRJERETA (FKF) ok 1 M MWIRAICHKZ S 720 I8 #EoR
JEKRMNG 1L T 28K LTz, AR Z— 3 To LB L L. O : SlHE CHRE SN REX Y L [H—
(CABE, OBREEXSY), @ : KEMHKOR FismOA A RRVE 1 HUE (B, @ Fiismmm), © @ KEHIX
WA 200m [k (LK, @M. KEXM Th oMK 1 T, NERFFZZA TEHRKEZIT- 7. 3EHTIE
IR 0.01% DL L a=y AERM LU TRGER L, BE=AT LA TV 7 402 — (ADV
ANTEC #:, L% : 0.45um) TAifaL7-. ABFEEDH S L7z DNA %\ C MiFish (&35 < MB fi#
Bradih L, BRAK/Z—2 280 MB i & 8o ol 2B L, MlE i hicfEo 5> 5 MB
FENT TR SR B S o) 2EH L7, ek, MBATREROEIEIZSH - > T, U — REHR
DI nT — X OHIBRITIT /27, DNA ELHI 05358 3 R e 70 Fl 13 B CREFE L 72
R -BR

HiEpERES A N2 — VRN T 5 &, XK 1 ZBREMRFBEOFEEN SO TEY, N =108
B E VIR CE oo (K1), 72720, @ Timm R, D7RVHEETH 2 B3 OFK N Z —
& [FRRE O BRI N A DN TR Y, I fﬂlilj\]@ﬁt*’é*ﬁ%#ﬁﬁf%éfﬂﬁ XEEBEZDBND.
AL &R & OBRIL, WTHOHK THHEE N X D IO THRIHENRELS 2D DD, &34 —
VOIS EEDETOLML TEAAWEEN 1~2ffEk -7 (X 2). MK IEZBEMEE Lizs, HERMS
L, HX 284 TX3~5 HARRETHHDITK L, HIX 1 CTiE 10 HUSFRE L HE S, XK 113, 1
HAS 720 OREENMOHMKIZIEXTIRWS OO, HAHIZKT2HREBOMOENE N &0, AKX
i%/7wﬁ@ﬂ7/%zk%m ERHEESND. Ik, AEIOBKIFNATKIZIENM L TWD 72w, K &
RO B IR T & TR, Bk IS 31T 2 8RB DNA A& O i b ~m Tk, f-koz A 7
#%a@t@Am&ﬁ%ﬁﬁﬁk%z6né.
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m|B|F| 2|+ (B R|[B|F|2|+|B|%|(B|FT|E|+|®| A B|F|E|+|8B| F g o X3
AR A E AR ARG e kAR A A NOR ORI R R B A B A ROR R0 Py 04 'R
IR+ g |6 |K|% B |x |8 X|%|8||x|6|X|%|@|+|x 03 = o X4 L
Blo|@ Ol |&|#|® Ol |E|#|@ B |B|#| @ ®|n =
3 < B < B < B < 02
Sl Ie3116] 10 bl [¢3] o3l 1ea] 3b RIS I el 1€30 13 el [0 [e] 131 81D 01
B 1 (BEAEAZ05-15km) | K2 (BEAEAZA8-6.2km) | HHIK3(FEAEAIZO.8-11.1km) | HbEK4 (FEAEAZ13.2-14.8km) 0o 0 5 0 5 2
THh < > i ok R
X0 IOMIBEG &SR A%
KV 3 o KV 37 ¥ 357
K1 £RKAF—2 R0 HBHERIER X 2 ki mBEREEDOR R
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3) HRA ol EFREANIEAT 4) R CTI) — F
1. FL®HIC e L
WALl 20124 RIS i L 72 B TP UK & 4 B O fESCE DR, fluic s ) — e

W SE RIS (BURE) 2 EML . EOMEEHEEL T 5, _@q:
T PRI IR O E A BREED N AT I+ 2 & % B2 <. B4l
A LT L CERIEDN A w7 A (BREEDNAFE) 2iEv w3, 5
[mix, 20204EF X DZIS%E’NC%B'@Lf:E%t‘%DNA%ﬁﬁb\f:ﬁiiﬁ%ﬁﬁ@fﬁ%bcom
HRE LCHENT RRAESY FERD)

@ﬁﬁﬂﬁ 2020/5/25~7/41Z 2> \F T, BHEUKZ L EIC B W TS 12 X 2 2B 2 i L 72, s 213 9 Bfic
e L. BEIZ10E 2 5 17 o 8], 1S & & 14T 5 72,

OBREDNAFTRE BEFAE LAY, KABEEANE (BUE TR & RBRIITRAT (BELRT) wswt, 9
e 5 17RO, 1BEE & & ICEK %2 (TR > 72, 2 Dthh b, W 1R @Wﬁ@&ﬁﬁ%%ixf3ﬁﬁ@nhawh@
F—2EEEL, ThooREHcOWT, KM =7 v I —ick B [ A2 "—a—F 4 v 7k (LHERREE) |1

D, BRIERCER L =0 21T - 72,

£1 REBCAREHOHOHE

3. PER s |OADOHT|@mA R [QEOOHT
. . et () €3 etk ()
(DFokEFTo g (FuBA DS L fUEH O30 ) Py ” ” >
AT L il I o7 o & 7z 3 H o AFHEENE, 3B 1 IR | esas 2 20 4
Ly, —EREOOEARLNEbDLEL TN, COTL i, 200mil o ; - :
DHEETIT, AENOTEDEFTCTRHRKT 2 2 LTz iliEds ot RN TR 3 6/20(1185) 1 26 4
6/22(158%) 1 24 3

bDrEZLNDG, 7720, AAE W LR, HEFO L THRIHE nAfEicown
T OO ADTHAOEH LY L o anic &

2 IR5 DNA LiRERAE LD LB
OHHIZOWTIT KN TER L Tw Ao EL Ebh EEONA

BRT—5 P L e T I
Teh GROBGEIL LizweEZTw 5, 6/8 (1B AD, @ERHEE LE) 20 5 0 el D
(2)BREDNA & FiBRE & O 6/3 (118 HO, FERMEL HE) 21 5 o | 1008 'ﬁ:;ﬁ;’?;ﬁgﬁf_
£20L B EOHHE L YHOHAEOMI L Oty | o0 oo mammmenw | 0 | s | o s [RENS
"Gii\ T%Tﬁ‘é nf,*éci}%t%DNAVG%*ﬁtHé n\ ,f)@@ 2 EIFEﬁLC 6/3 (158F: 1A, FBFRHEEE LK) 19 5 0 100% o
j’o’bif%%{j\ﬁl) 28100% & 72 > 720 T AL {T“I*ﬁ&ﬁﬁf@ SAMORHE, HME2RABLEOLE| 12 23 1 96% ixz;;‘”

HELRZRZY, MENTORETH L LPERTH I LE X L,

Eoic, FEHOBKTH > CHIRABEOURMZREST 2 LB TE L 0E20ORE 2T 2720, KM EIT-723
HED12M DL TOF—2%2ERAEbEELE A, BAKIZOU o7, T T, HEFATEOATHREINZD ODOBRIE
DNATIHBIH I Nad o2 IE AT LY TH ol T, B SN HBEOKE LHENL T W72 2 &2 6, BEMTHE < I
%T%tﬁ%ﬁmmmﬁﬁﬂui&&#o#%@&%k&né

IhboZ bh b, EEROREM (23, @Amﬂaﬁmwt&>% L7 BRI () 203, BRI o - H 7k
E) OF -2 EENEDT I LT, EFDNA L aatrick v, HlREICGEVWERER GO N 2 b, 3 HIMEH2
E KT — 2 RECH Al %@L?éﬁﬁw@%Mﬁfgéﬁ Ex A -b oL,

4. F&OH

BRifAEOREZ B 72201Ci3, HEOMICDNARICK 2 FEOTIBAHER T 2 05 2EH 5, SRIOFEFRE L, fE
BroDT 70 —FDATIED o720, BRIEDNAIC X 2 Fikd, il L’Té?m?ﬁﬁﬁ@ﬁ’ﬁt7&67““‘]‘{%%??‘: EBTE
ZbDBbNd, FHROINZMED, FERINICIIRHHECETE 2 L) KD TV ELWLEEZ TS,
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B A L CITRBE A 90 0 BB CORBMO A A BT 2 72, IRRFIOMAEITE L <, $72, JMLoEE
ROFFEEEOBIEL b E U5 TRl 5 5. — 7. B DNA (CIEPEINER 2 172 D Ic Hok 0 2 THRENE B 1L 2
Mz B, 2T, KB TIEARH S L BT L7 7 2 PEIRER 00 A HEOHE E PESIEL & B35 DNA 458 & o
BIERZ 4007 L, B25E DNA IC & 0 7 2 28SBESR 2 ik ils & M9 5 ATREMEZ-iB %8 L 7.
2. S
ARG & A FHik% & L, WD Thkp~15kp OFFHICATLET 2 RN & BN % i % AR
g L Lo, BIHIFHAIT 2019 4F 11 A 183~15 H, 2020 4 10 A 29~31 HIZFHE L7z, FHAM A TRE &
OEREEE OME 21T\, AL 7 = OBESIR A & 5155 DNA ¥ > 7 L OBk %47 - 72, 555 DNA ¥
FINEH T AHEHET 4 L% —GF/F % AWCHB L, I EICHIE SN WE 2 S~ 7L L Ui, i
7 uhb DNA #HiH L, real-time PCR Z W T 7 i kERE: DNABEE A TE LT
3. R
4 2 [E WA THATK 281 53 HACHELZ LML, 14 HATT 2OMEIESHER S, 7 2Rk OBE
DNA [FPEINR RS S A7 U &2 2 e 30 M TH &7 i
(1), EIRDHR SN0 WIS R Uitk Rl Ry
FERYL L BREE DNA R X OAIBIBIRE T E 25, AE A i A ~
FARBIIEAS S e b o 72N, BESRRR AN HERR S U7 ML AR o
5E DNA IR 5% /K ETHEICRE 2 T-.
4. H5
WK A TR & S AT B BB © &
5728, EFE 5 O DNA Wil OFi NTA U3, KO X [
A B EEE DNA SRAT 5 TR BIRVY. 7 = sk D B - A
DNA ORI, BATKAICIT 57 EikorEemEip M1 BKREO—6 () kOkdoRs
BRI S 2% LTBY, BBOICEINROEEDGHLE 72 L) SEKGEAN TR SNZT 2O (5 T)
UERECRER AL S ¥ (U F 1 AERERIOFNA AR, FEIRREN OB
5, BKTEMHLAICHE\ TEREE DNA 2SRIISHIZICS DA B
B & FREINR MR T & ad o A b IR S -, —h o
S OHUETIEET 2 OMRA TSN, FPRAICHEIRS T P BRI A PR e

0

RENDRT v LEH L TWALZ ENRBINE. 77, 2019 /K 17 11 14
PEINRIZER SN TV BHRAE CRE L TW =55, B8R BAKD R 6 0 4
B DNA 12 & - CREINR DAL A RIIT 5 2 LW T 72L& A 2 0 L
. . ) - . 2020  {E/KHH 7 3 5
Zoib. LLEXY, FEINRTIAICEREE DNA 2951352 & KDk . 0 )
%
T, KRB EOEINRIGEART > ¥ /L ORI B 474 A1 s 0 3
W2 L BRRHE DI b IFF T X, BARKENICEIT B Rk 9 0 1
ROG3AR % RN FAN T 5 Z LR AREL 70 B2 A 9. AEt 53 14 30
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3) JLH LSRR LG R AP IERE, 4) 48 B AT RFAHTERE A S8R 5%
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DNA Yonezawa et al., 2020
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4 24
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2020 10 11 2020 2 2021 5
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EHRHK () OFJIBREIRE « BRI OV TORMERITIHED 5TV AN, Mifa i ORI I
<, ANBRS DD ORREI N 7 Z v ¥ 2 il & Rk O 2 5843 5 ATREMEIC DWW TRGEN L THh > 72,
SEM2EEDE=FVIHE
BR2HEOE=F Y IxtG L oot HKIE, S 34 1 AIcFEfE
AT A R & o [RAE 2 H O/ B ZRHIZK T W3 3L b /BB HH K R
BOE=H ) T EETHIENTE T, =X V&S AKX
210, SFTRRER S ISR, ATHERNS. | ICRBENIREHT | o pemmmann
CIXERHUSE T Ch 5 i)l Efiiko B a4G ik C 25 B dE o I8 5 O : AEHAHI
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4 EZRYUIRBOER 10 177 00 w s

1A ORHEHIETIE, /MRS AE FICR B SR B LDT TS ol ||| o m‘”(‘ Hz4m
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F. /MR 5 A ORI < [UR OB IS B A o, AF o @577 /)

WEOFDUTFKEF LRk E B X b, —F, FPBITRENIC &V KAZ
OEPCER L, BEOT=2 U o ZFEE 5 R T 5
DIWAR DT LBEZ D, WO, RERFE»HE LN

oA SRR (%)

BIRANIREREOBBERE FTEDY | KERTREBIRCR,  w] D 0

B OWAATAC & O A EEEO MR AR L B2 b, o |
5. #% o 1
BERD BIUR SN TUNE T T v & 2 BT £ 5 IR DR 42 ] Ok
DRI Z . REEDE=S U SRERD S, HRHGRC B 3

R2.12.10 R3.1.7

T OAEEIEDSHBEL . EROMRNEND Z E PRSI NT, Ee, M3 I EEte o tita
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HEREOBEFEICHT HEPREE KR HEOEMNLGCEEE

FIEREY, EOmkK?, ARG, dHEE?
D) EARWFIEET B RSB v 2 —, 2) AW RT, 34 HEKYF
1. FE®IZ
MAEBEITOFEE 2 —RAEEETHY, EBEOBIGFRECLT, BFEE)IIEKEEE OHER&EZETHE
BEIZH 720 9%, BUFRIIKEEDIINEIEE THDMKROBEOLEMEIC S AL SH, BORRERPNRKEWZ L
FENEHWVERTHL Z ERRESNTNDD. 0w, 7T2ERTERBZERT AT L R 2BV T, #
DORBENBTER R EREOHRICHEE TH L Z LR EINDS. £2 T, BIGIEREINKROE)NEZREIZ,
BEOPEE L LOBIFEZFHIIL, WMENAERLAIBERICHL Z 2R L2Y. LasL, WJIITIEEFR CH#ETHK
R, N TIE7R <, BFEOSMMPEOFRRIBRDIZNKIE, MEOEWVZOELINDREEL S D, A
ZETIE, MAESEOBFREICKT 2P, KE, MEOHEMHREELZZHALNIT 2D, Zb3 >0
B O BUF R KD D DIZRA N 72— ALBRIEE 7 /W (GLM) & fffT L7z, ARET VO FHH & LT, KD
KRB 2 MR EEAk e U, BKFEDORELD JBIEN D72 D KW IC BT 2 BIAEAHE LT b DO TH D.
2. MEtLHIE
RAENIKFE O BN OBEARIEBER 70m, JIIER) S0m(FFM 23T 2 A & L. xR S X OVKEL &
DEM T TEZAT 5 72, HESGITIC 9 SO AR E L, | W#H 720 F1E 3 EOBEO P EE(mm), H
ArfE&H 72 0 O Chla E(mg/m?), FOGFTOKIE, WiET —# 22N EHUE L. BEMIZIE, XL OICHES
FTOARRZFHIIL, RICEDOGFTOEEZREV LT, PREZRET D & & b2, LOTEAMED 50X 50 mm _LEOfS
EWMET v RNV T T TEY Lo TRILZ, 2L T, LM EWIZE £415 Chla &% Lorenzen O 7
S ESIEFHU-5100, HNEEH)THR L7z, F£72, 22 CoftEik, [FBICHHM L7 3 RoohthitEs!
(SonTek Riversurveyor M9, Xylem #1)IZ & 28U 545 5 5 KEFEEHAZ SR LT, 20X 5L THELIZ
KR, WE, HEEFREREO 3 SOMAEEBS I OFENL O ZEREALY NS HYE, Chla 2% Ko 5 GLM %
Fre4BUERR L7Z. £ 5 O AICHRMIE H & FLUE, Akaike’ s Information Criterion) D [L#E7)> 6, Chla &% KD D
NAMET VAR L. BT VOMERE LU AIC OFFEFTIZIE R ver3.5 & Uz,
3. MREER
BELD GLM @ AIC % g L7255, RA M ET RIS N =D, BEO RO HZE WA hE &
o7 (F-1). XA MET /ML y=0.1153x+4.266 & IR E RT AL e o72(K-1). 2 2T, y % Chla E(mg/m?),
X [ TEOTHERMm)ZERT. ZD7D, Kr—ATIE, BPHBITAKE, WEE ST ERBEOBFRL EAT
DAENCHBERER THDL LA D, 12720, SEIXECTORMEREF TH Y, KE, WEDOL VDL HITK0.3
~0.9(m, m/s) & & HFEEDIE A & O, WA HE T HEICW O L 272 L 0 UM K0 IRNHEPHZRBREE T T, KiE,
TR OB BT DX R EEE NS RDL AR S H. £, K7 — A TOREBEREIZEIC Chla £&53100
mg/m2LL T CEBENE LT AR Th o/, ZOMRIED G HIC Chla 73100 mgm?A 8 2 HEE £ TEET S
ERADRIRESANME S 35729, WH, KiE, BORE ST 2EEENRENTHAREMERH 5.
51 FH SCHR
1) Cattaneo A., Kerimian T., Roberge M. and Marty J.: Periphyton distribution and abundance on substrata of different size
along a gradient of stream trophy, Hydrobiologia, VVol.354, pp.101-110, 1997.
2) BINSERE, WOmR, BRE, PAES BRI B T 2 EEEBFEONRE R E® LA BV & Lc#EHR
FHBERR O ATRENE, T AR SR, Vol.27, pp.317-322, 2021.

30

£l KIE, T, BoPEEE 3L L L Chla B0 t

— LRI EF A D AIC Holls (147 5 07 Catdk.) i -

REK = s

B AIC . . , i
GFE GKE) 2 TR () 2 hREE (hER) 2 EHE Q

188.0 0.1153 4.266
188.3 -0.0009779 0.1296 6.898 = ‘
1884 -0.1276 0.1255 11.090 0 50 100 150
189.1 0.2448 -0.0008658  1.767 #oHRE (mm)

2 -1 BEO RIS RT 5 Chla RO BARR B L O GLM

L B N
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DR & SRDFRE

BOHE— D, R RAE D, FEE D, JURMHID, HTE2, 555%H 2
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1. IIC®IC
MEFEALRAEY) ] CH B A A NF I XF o341 2009 4FICHE BEEM R I U, FEill—MHon
FRIBICAEERBIED > T3, BEMO FHRTH 2581 Tlx 2017 FICBHFH 7 v F @EETES) ics0nT
Yo CTHEBDBMER SN, ZO%SEFHIILRL, M RRESLIEL ko> T b, REORMIC T
PREFEEREVIBRT Z EDENTH 505, BREFECHRE L 2MAONEE RS % R T2 2 L PFRE
moTW3, EELIIY v FEHBEKERICECABOFES 2L, BN - HFEEE DI NE 2T 2
el RRETFE] 2B L GEFd).
2. BEHE
TR ETEREREERE 2 O KE 2 @ET2ET LG EHAL, “U0o WRT" X I L THEED ki
HNRD X)L OKESEHEORTUR OKEEE) #%BX 2 2EE% 1~2 801 ICE VRS & % &
INE B HETH D, O, YK EZERZGFNIEK - MK T 5 2L ClREL A% R - 5T 2
DERR N LT H B, BET v F 15 T3 2019 4 9 H~2020 4 1 Ho MM, 7 v F 35Tl 2020
£5 A~10 AoWIMIC 1~2 BB ICATHEC X 2BELEMBL, ZO0BROBESXOGEL 20214FE7HE T
ﬁot ¥72, 2021 SED S IIARFEEF AT YL F A4 P TIC b L 72,
—x*%m
7/b1ﬁfu5EE(mwaﬂ0H18E)@%iﬁ%%?ﬁﬁ(ﬂmﬁ-@&¢¥kﬁ9k)ﬁ,vv
F 35Tk 6mBE (202048 H5 H) OBREMFIEK TR (800m? - O ~_EFEAEL 26 N) TKIBICERT 5
fER I RTER I N AR ko, 20K, VY F15TI12020 % CHTETFHEOEENERINZDD
D, 202147 HBTE, T bR I N AV BHEEIERE I LRy (IBH)., Vv F35Thi L
HFHROEENEREINTHE D DD, ﬁ%mi%;éhfmtw 7, FHIZYALF AL FTIiconT
LIBELSFREREL, FTFEICLY 2 7 HRECEW - HATE S 2 LR TE /-,

TN i

201949 H 4 1 20194 10 A 18 H 2021 4 7 A 26 H
B #FNFIXFr N1 OBREHR (BET7YF1S)

4, ER
kDG 2K 2 IC X BREFECTIIEFICIHERVPHERINZz0ICH L, KFETIIHEXL 2w L
MR I N, Zd, HELRREFECLY, RERIVAREZEERCBRECTE LI LPRROERLEEZDL
N3, WHEFECRIREZROKN - Bl XV FENIEZRS 2 L8 TE 5L LTWw a2, KATEERERIC
- B 2T 5 0Tl e, BRERMEARORREZIITL CEMET 5 2 & T, REBROBEXZBL 25
ek, KE - EROF BRI TE, TRIGEIC X SRE - BHIEHO ARG IR EEZLND.
FHBE
3R ER . (2016)  ARMBERIASKRTEE BIC 3510 2 BN IR & BOR SRR — KEE SR SR Ic B3 5
BIbTZE. BREUGEALY: AT Eam 5 30, 133-138
KREFESITAH (2016)  EFIEERALA) I EH OPAH BRI T 2 HKAEER - A=y, FHZYAL T A
by OHERE L 2 Hic. BRED > R T L FSERm e R i 5, 303-307
WEE W © https://www.pref.shiga.lg.jp/file/attachment/52786.pdf
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RER D -, PHEMS
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DT L= RIS B RS, 8) BT T H AR A A

1. FANRFIXF oA EVNS 5 KED

[ A NF I XX NS | EEHEND T AT ET g v 2% T RO Ludwigia grandiflora 1%, N TIX L. grandiflora
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FNPHER SN TS, AERICBW X, WiifE% &1 L grandiflora &\ D FRIZKT 2 E LT 41373 X
FUNRAL] EVOIEHREMNDZ L L, BERGAITIE THAE] LW ORLELMEERADZ LT 5,

AANFTIZF L ANANL, FT AV B2 JPE LT DKM A DT T 3T FHAEY T 2000 0 B IEIN TORAN
fERR S 4L, 2010 FFEARIC72 B E EBEWR L OEIKIKICIE N T, AR S WOEEE ) LR EREZ/RTZ LR RL I
HOHNERD . KEBICERT 5 2 LI K D EBAIREE - fiE LB (LT 5 L9 10772, 2014 4F 6 AITiX

VR 4 X7 « 77074707 (FANRNFTIXFUNA%E)] & U THREMEDREINRAEWIIEE S L1z,
BFE, A AN I AR NS T EER E LR T, @Y X7 A AN I XX NS IR, TR,
B, FUERIE. KBURF, BEWRESR CAEBRHR I TV 5D,
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Hyporheic and benthic¢ characterization of macroinvertebrate communities at multiple
rivers with different environmental contexts

MK Alam", JN Negishi?, ZW Mo V), T Nakagawa'), S Yamashita!
1) Graduate School of Environmental Science, Hokkaido University, 2) Faculty of
Environmental Earth Science, Hokkaido University

1. Introduction

Understanding the diversity of community structure and their
controlling environmental factors is central to ecology and
imperative for sound management of ecosystem!. The
composition of macroinvertebrate communities and their
responses to the environmental variables are largely studied for
surface zone, however, the simultaneous community-level
of the
macroinvertebrates to the environmental factors are rarely

responses surface and sub-surface (hyporheic)
studied in particular at the scale of multiple rivers"2. This study
examined the community composition of macroinvertebrates
and environmental variables that are responsible for the
differing community-level responses across the rivers in
Hokkaido, Japan. We predicted that, the macroinvertebrate
community in hyporheic zone would be the nested subset of
surface zone and the responses of macroinvertebrates to the
environmental variables would differ among systems and
between habitats (benthic vs. hyporheic). We also predicted
that the benthic communities would be more dissimilar in
composition compared to that of hyporheic communities across
rivers because of a stronger exposure to the local environment.

2. Methodology

The study was conducted from August to November 2020 in
five rivers in Hokkaido: Satsunai, Tokachi, Sorachi, Horonai,
and Toyohira rivers. Surface and hyporheic macroinvertebrates
were collected using Surber sampler and colonization traps
(made from the available riverbed sediments; 4-22.4 mm and
22.4-64 mm with a 3:1 ratio) respectively. Colonization traps
were buried at 30 cm depth. T-shaped PVC wells were set up
at the same depth as colonization traps with temperature
loggers in some pits to collect hyporheic water. The
macroinvertebrate adults were collected using at least one
Malaise trap at each site. The water physicochemical
parameters for both zones were measured during the trap
incubation period.

3. Results and discussions

The community structure was clustered across the rivers in the
Non-metric Multidimensional Scaling (NMDS) plot with
between
communities. Hyporheic communities were distinguishable

significant differences surface and hyporheic
across the rivers (Figure). Based on the primary observations
of macroinvertebrate communities, the distribution of taxa
showed nested patterns with a relatively higher level of
nestedness in the Satsunai and Horonai river, which supported

our prediction. The prediction that the benthic community
would be more dissimilar across the river compared to that of
the hyporheic was not supported based on the preliminary data
analysis. Rather, hyporheic communities were relatively more
apart from each other in the ordination space, suggesting the
greater variations across sites and possibly higher sensitivity to
the environmental variables. Further analyses on the nested
patterns of the macroinvertebrate community with reference to
the environmental variables that dictate community structure
would address mechanisms behind these findings.

1 5 River
Horonai_H
@ satsunai_H
@ sorachi_H
1.0 ® Tzzccnf_H
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Figure: Biplot showing the hyporheic macroinvertebrate
communities in five rivers as a result of NMDS
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oo Fiblmolch V% b LT, DNAHEE~T — 7 V AROSE TEITV, X h = Y 7 DNA-COI 5k
O IEFFN 2R E LTz, FORE, PCR 121 COLfEKRD 2= N—H LS5 ~v—Th % LCO1490 & HCO2198
Z M7= (Folmer et al. 1994) ., %72, GenBank [Z8Ek SNV TWDHEWNSND 7 R KT A FHRRUTkxD K74
A B O IEELS & T MEGA X (2 X0 41 /fef 2 1Rk L7z,

3. /R
AFF)EEERN 8 AKI R ONE NS 4 HUSIZT7 1 K70 A F04 83 IR BRI S iz, D RBMT oS R, 4
THETXRTHABH Z KT HA Buldowskia iwakawai (Suzuki, 1939) ToH-7-,

4 ER

BEAEITZEN . W Z R 70 A 13ACHEE & A AU O RN M T2 & S D, ABFFEORRIT. THa23FFL
e EMPD TR RTHAFIIAERIE TH 2 W REVED R Sviz, T4, ZaR CIIERNAIRCE & 72 5 RO
TR RTHABERELERSNTB VISKEORABIBE SN LA, D & YHITITZ D &9 RRADEHNIE
R TR S22, SR TH D R b IR S TWedy, ZOREHEBE AL BHE T LMLEEIN RSN,
— T, UHUTAERT DA A BHT, BERER O PR b RIR SN TR Y . HEAE LSO Ol tke
WEEND, 5%, DROLREEFBROE=2Y L TEATITDITIE, BTV aTA RO NTHA JEz*t
RITHAE SN TV LIMBIEREIE 2 b &I L7 FRHRBITEDRFE 2 LIEMOEEN KO 5D,
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WD Al EASEET) R AR O SFESEE (20194
6H27R) TIX, M) NIV 2 E BRI A e & (b
72 L—H A ALB: Airborne Lidar Bathymetry]) (2% > CJR
HIFEMi+2 2 & EmESRE. 2, W (DEM:
Digital Elevation Model) DHfGa AR BRI E T 203, %
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Model), L—VOFHRE R E1L, BElEIEx 5 LTk
WF—2 220155, 2D X )T —F DS L R,
EEEF PR A i, BRI SAE ST D2, T
FHEUHH Lo WVEBRICE S 5 2 &%, ZOiEHZN
HEIED ETROERV. F, AFEMOR ESRD HD
RS OHREREELRD &, T 5 Voo BT o328k
BT AT (Artificial Intelligence) OFIFHIC X D AE LR
HILD T EIFEBIZED .

Z ZCAMIIETIE, SR & L CEE S D
72 L — RS ORI OVE 24 288, )RR
T HEMHRECEX 2 nBlHFiAlO 7 1 M X A T3 L
77, ZZ T, ®BMiTH D IEEE) TRV T, il O
EEGHE CLT, KERRE) CHEGR ST & h &
\Z, RS L T D mBlER O L Et LT BT,
KIGHA2OIZOU, FEBERTIL Al OfELE, £72, M
RIEREIR IR HFORS EE OMEGR EAT o 7.
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BHEIERIT, JAEHTH D IR 10018~30kp (BT,
KET—% (20154) THER I NT-S3DOMEMRES 72 £ % Bl
K, EIRERHE, O, PR, MR T D Z & TS
SFEE LTz, 220, OB Fee AT = v 735
T OOKIFHFEEZTAE L, B —0OMEREE LTz
HEPHZSTICEWMEE L2, 8 L IIEET —
2%, JUBERE | COMIZE L—HPRIGERE (20164F) (ZHS\
T, SO T AX T —2 Wi LT-. ThEn, A/
% (fze5H), TR AL VEi%, DEM, X (DEM—

JKIEE) , BHEX (DSM—DEM) , AR {ARHIX] (DEM, DSM),
L—WERECHD. £, KERET—4 Q0154F) %
BEIZ, FNHT—Z OESMISkm %, 5ODRBIEHEDL
FTHNE L. F£72, AL, SFEEAZ AT —H L L,

AW (=250 23012725 £ TR AR RS, Z

VHELTF VAN (GER) EMEE L. 22T, 1000
TTIMERR &, ZNHOZHPI L DFERN, Hh&En
LEBEFZ LD, 7pks, JUEEE/D18~26kp & T —
2, 26~30kp ZMRRET—X & LTHWSZ L L L, gk
ZR< 40D R & BB A et LT

3. BRLEE
FEVHFE AL L A8 TRERAB-NOR T, £, s
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[172.7%, HEEXEH190.3%, HH175.6%, M kH162.2% & 72-

= EVORHHERA IR U 72 BRBUKIET Cdh o 7223, KESOME
Ze F SRR, RTARHI CRRHIRE D72 O1Z, 72.7% DRI
BEoT-. ZoM, WOmENER D B2 bivcEl b
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FOEHRE LI OO, WENRRSND T —A %% R
W, FNEI, 75.6%, 622%DmMHEE o7 L L
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HIZ2UW T, 90.3% & FERIZEV IR A 155 Z 3T

= OthIE, & BRI RIRHEE oM EA2 XS & &I,
AR PEKEES O ST, BHERISR L0 5\, Y,
WY T a, B AR FBIERIINZ D70 L, 78l
HFE Al OBREZ RO L TETH 5.
BIEE  [E LR TR R SR ) L ERE T L 0,
fiize L—RRERR R ORI 22 T 2. & ZIZEE L CHEFL
LET5.
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1. FLEHIC
WEEROFED—> & U TRTENBIARZE LI L D
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T o7 v, (R TERIZH DBIAROFER (LT,
AREFE) ZFANCHIE L, (ERIEER ST D MRS
Hax MRS HZ LT, FHERYZR)IE A L
6 LIRROLNTWND. — RIS, BIARKREEZHEET
e ANOL PR H#Fa‘ﬂ%%ﬁ“éﬁi&?)ﬁﬁﬁ%%“@%é
75§, A, MiZE L —9 & (Airborne Laser Scanning ; LA
T, ALS) ARIC £ D8 T BEAIZ T 7oA SR 3 A
TW5. ALS 1%, #ib~DOL—VHREICL VGO =
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THEY, IWROEFREDOHITICZHIN TS, — 5T,
R TR DEFE DL 24T < WIRZER O AT ~D E N
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TWB 72, BHERRDE 21T < WIRTER O BAfRYT ©
LA EE 2 A LT D008, AUEEE ) MKV &
IRTREDR DD, Ik, EHL OO HIES, IIARDIA
TERIMRCOBEHEHNIZ VD, BEOBFEDRIET A
ENOJREERBMCOBAMEIIRFT S TW Ry, 22T
AW TIL, AT R CRESh - HiEEZERT22 L
T, HEWNIZELT D IRBERNIZ 3T 2 BIARIRREHEE 0 &

& 70 D AT O M & e 5.

41 Pycrown (T J 2 AT fis 42 lidRplugins (&

2. Hik

PRT — 213, BRI O EH)I1T202044 H OS5 1
FEfi 7o ALS O RFET — 4 & Ui, [T AR 9m
FRE DY FFFNZ < 5T D Lkp (072 AR OBk
Thb. £io, BEAMHTIL, Pycrown (https:/github.com/
manaakiwhenua/pycrown) , lidRplugins (https://github.com/
Jean-Romain/lidRplugins) D227 v 7 5 L& iz,
Pycrown TlE, RBET —#OHEMENDEEEST —
Z05mA v 2 DT AL T — 2T U TRITHR & A
LA fRENT L7=. —77, lidRplugins N Ptrees &9 7 /L=
VRN, SEET—H 2_— AL L ClAL o2 Ml E
INBHEANT 21T 9 bOTH Y, HEN D O S2mEU T
RO LT Bt T — & & O CRT 21T o 72,

3. MR -£EE

X1 & OMX21Z, Pycrown & lidRplugins (& & 2 BT
DFERZZNZIURT. W& 2T 5 &, B0k,
RESIKW, 2oL, BTEAOMENRLDZ 0D
P25 . BIHEBLINC B < REEERMGEZ FEli L TV e o,
ZITE, ENENRORERIZET DRHEDOHEICE E D
23, lidRplugins CIIMRO EEN B2 T b/, Tk
T AH T —H % = Pycrown (213720, 3IRTTICHAR T
HRBEZED L DENT)T—4 &7 5 lidRplugins DR T
HbHEEZOND. BARNZIX, TAXT—XidxEE
ORREIZT L7208, BB — X X TBICE LT 28K
WZOWTHIAD I ENTEHOIZ, BERVA M
EHELIZEEZLND. LTEN-> T, BEEMICELSS
LEAZET DT, AT —FE2X—RA LT3
lidRplugins @ K 9 Z2ffHT 51EDE L TV D RTREVED B 5.

SeIE, HARMNTRE ROREEMGEAZTT 9 72912,  ALS
FHIE T CELHIAR A 2 520 U, BSOS R &,
KT — 2 OIUEEITO TETHD. FlITET
E*ﬁiwﬁiiﬁ 2: LA L, ST — X QW ESN

N i O KHEC ST BB 28T R
: — X DR EDIREEA1T 9 .

<&EH>
1)Vega et al International
Journal of Applied Earth

Observation and Geoinformation,
33, pp.98-108, 2014.
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KiIADEBFREREARE~ =27 /v QIR J 120> THER S TEY , 2O~v==27 /L TlE% EP%E?JJ:O@%HE
PFATICESE, BUWEEN BRI VA Z XS T 2 FEEZHAL TS

— . RS EREERORM, MAEDOF TV =7 hX—2%; iﬁi(ﬁﬁﬁ%w%g”{ﬁ%ﬂﬂm)\hé DR
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ARFFETIE, WINCI T DRARKERIZ 2D OBEEMEICE S EROBEM 28 A UTe - O it R 2
B, @47 V=l NR—RH, QBRI D AT N VIEHR LIS O HIFE G ; OB 7% (Random Forests,
Support Vector Machine) (Z X 508, F7z, BHGRHETIZIX 7Ly Mo T—X 2 ANT5 2 LT, BHGEHER
LT OENEEOE N EZK -T2, &5I2, ZOFEICEY 3l (ZE)I, 7)., EEMEI) CHAESEET V&
TER L. %n%n@%Tw%3ﬂm_%ﬁb FEAE Y FEE T L OYLAIE 2 FFAE L 72,
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A2 b 1~2-1 ZETe X 254, 2020 4 8~9 HICHRE Lo @B S Em#E (4 32 R, 50cm R4 E)
ZHWCAE T V=V b= i’é%ﬁoto KA T2 M, A7 MUER (K ROECEE)E, NDVI
EEE) 1Tz <, WIHE R E LT MR DEKRMICHT D) DEKMEE ) S2M5 L, EB IOk
BEFE DHETE X, BTN (2018) 12 Xk HHEEAKAICEES W=, BHFHE TlX, &iiT— % LR AR S E X2 7 L
v MO EET =X ANT DL TRRTFIENSDE ML ER -T2, ZIhb DT —4# % f\T Random Forests
(RF) ¥ LU Support Vector Machine (SVM) 1 X VWA ET NV EVER LTz, Z ORASEET V&£
I L, 7S L 2RI R & SR E ORSR 2 i L —BeRz R L, NiE i AR

1.00-

3. R - E= 075-
i Lo ofiEsEET VS, BT AMERICHW =T — % O TlX 050~

|8

I BIMERE 201k L7223 At D3] 1| C O RIMERE 1T - 72 (— B 25% LU F) 832
Z 2T NV ERE X OV BSR4 A= F 0T, X&ﬂbw%$®$ﬁ 100~

AR L2 BT 0 K0 @V HBIERE 2R Lic, IR E Fik 2 ik Lo 075"

W

RF 75 SVM & 0 &\ HIBIMERE 2 3% L 7=, % oo -
ZORERED | GBI I TS ’fE:ETMj 7«\7 21T E R SO YN ——

WIS 82 VT RE IR % = & CHBIRERE< 25 2 LavRah  100° '

oo FEfo, HAS fﬁ%T/M’Eﬁkﬂ}lILMMD(TJIIJ\O)%—fﬂzw M, R LW L g

LTWRNZ EDRES T, 8§§ I -. T -. | 2
EWRAE + kL - DIERHESS - UEESCR - B (2018) BTN — EEEE CEoB
5170 0 SR AL O RENTIE & HE 3 5 ~FEPI 2 0 & L C~. JEHIAERET wiE 2 id
¥ 21:53-60. 58 rség
EARAE « B - $5RRF - « $h1 dACEE - HapN 3] (2020)Hﬁ¢1§zf“)\1?“f DY DA
SRR L AT % RT3 A SRR B OB % )| Bl SCE 45 g S

7% 289-294.
X Ill.al E E
B - F)IBEA - AT - SHIRHIE - A (02) MERmGE ko oM L (RE) =

OHIE 7 — & 205 M U 7 B o8 1 & 2 30 IR B B O fas . G ZE %E%tfﬁimgﬁﬁfﬁ%%g;—ﬁ;ﬁ
BT 23:261-278. (HBEX D : 26 X5))
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wHfic X 2 B ORZ I EM LRI T 2B THh 5, MHToEMLHEERET 27201k, R\l
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DA77 gy 7 arg okt 2)AbiEiE B8 R AL BR 8 ek
1.[FLC®IZ

THHORE BINIIRIR R R A2 R TRV | F, EREFITB W THZOAMERFHE S v, BEADNED b T
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L. LA Y—OEAGDLEICL>TTo7,

O "= RURZ :aRAKBEREL, b T SCELMX, o BEITENC LI (PR, bR, PERRI)

©@ BAREREE : a. A MEOA B (A & 0w - @HEDIC AR T 5 F 2 v e OB FREMZRE Lz, HHT
— X TILWREBIR R O B RS RAET — X L0 F o v b OB AR, HEAE L LTS, WM, Bk, {5
B U Maxent |12 &0 AR B THEMER B . b (03 - (R (BALE, | o ORSPTR
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@ BAFEEME © a ERFIHHOZ NG CTIIkEa X AR OND & E
Zo AERE BHESE M TR T w2 i, b A% TS S A D
DITPE S RARFIH IO I 24878 L, 2050 4F0 A L= A2 v 72,

3) MRATAE S ¢ TREKHEEC A AR ARRIB)IEL, 70— A > 7 T

e LTEWVEEE=Y 7IZE Eh T (1K-1), .

3BBIRARLRWE VF 39ISEB LI -1 7 = T T AR AR

1) K% FrFa v OERHILRDBEIFRF SN TW D AR - )R E L7z,

2) L Z U — oA 7 TEMOMEIL, O% v F a oL RIS L CORBERBEHREORT vy

o @—kpEFE (B @il (77> FMb) ORT oy vOEREDEICL > TITo 7,

O #vF a vAERHEM : ILHRERRER O ARRERET —Z L0 ¥ 0 F 3 U ORIE % B AR %
PR L T A4 BT L 2 LT, Random Forest X U\a P AT 4 v 7 [RIRIC L BT oV TNET U 7
R LT L7z (K-2),

@ BREEHEWRE : OF v F a vAEREMICHE R OH4 (EHEEER) 28Rk (K-3),

@ —WFEFXO B I - O% > F a vAREMIZ 2 oA (EHEEEEHR) 2EQE (K-4),
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BE L, 2019 4F - 2020 40 10 A TRI~1 H EANCHEZIT > 72, FHFITBWT, KA H R
T3EFTOMELFEM L, 24FMTE6 EITORELIT 7,

BRAEHSIZBN T ARy b RICEVBREHEE (VI E (EvrT Y 4T Y) -
NTAEEH NVIRI BT A NV T NATR)) OEEEERE L, o, KA Ty 7
TEARE N O 732 HELCHMEI L, “FHIERE L ORI KV VTR A~ A ZHEH Lz, &6
2. BRI OKZEOFRE L LT, A5 42 500 + 1000 + 1500 + 2000 * 2500m PN D
A HERER A GIS THH L7z, 7ok, mifmfERIL, TIHEITc L v SEOEERE 2 & b
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H M a5 S W SO RS, SR 7 kA A~ A TfmAEER, KOZER
5DORHEAERE, 77 2 REePHEE, HER., KOPHEMSID & Lz, —RILBREIRET
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A OFRAT DRGSR, T 3R AL A~ AT 213 L, U 8 - 7 7 2O @I
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Roniehot-, iz, 77 AFEOMEIEREIL, Y7 BIE AL A~ 2 L fEiEfE=R & O BEER
ICE VBB SN, NIRRT T A T T N T ATIHART « SN D 7 SR ~D JRE )
LI’ o7,

L7cino T, THIFIHOSZE T 7 5k & RS OBRMEICEEL KT L, EDOISEIT
FEOBERRIC LV B2 D L B2 DTz, Ll AR TIE, 22O FEREN ik~
FEMBICEOBRERELE L TV AINIEBEB SN TR, FD72D, 5% N OFECyHERE
NEEIRA~DRBHRIBICEDRERET D0 EH L E L, Rk — Ko S IS RE L 7= ik
BEIZOWTHRFTTR&E LB b5,
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AR D, IR 2, (LHEEZ 3
D) AbHEE R PR PP TR, 2) AWE R TR, 3) dLiEE KPR PR i 5eh

1. xL®ic

INVIRY I T A (Corvus corone), 7~ 7 N 7 A (Corvus macrorhynchos) @ 2 Fil%, EWNTIIHEGE & L THEMK,
AL, BWHEICED ETOEHIZAER LTS, b0l 7 AT, BECHEFL L-OTEREINLTEY,
B O ERITEMP 2 T F 225 LMESNTWS (EMKES 2019), 7=, HiEHLCARICE N T
AT ABELS Y, BHEHICIIAZ B, WRTHIREOWELZRIET LML TWS, 29 LEEEL
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LTS L, BB B OGRS N E o T, TAUE, B BIEMICII N T AOER LS E - TRY,
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EEALDAREMEIZ DWW TE R AT b D Th D,

2. AEFE

FRF) S MK, AR, Z2E50)1145 2 X, P I, B, Tl SRR, N4 1 #fIXOFF 14 HiXI(Z
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KEOWNKDOESHE (BBE - 74—V KA ik 8Ty E o= AT) Tl 11 B 21 @R
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aXx s HTagxl 7 V& () Jagy or /N TY) A L F @ G/ A3 or 3V0)
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FROL S 2BFEIIH Db O0, FE D LITHKERE LT, Rl - W - 72 E 0 FOBEM A D ERKT 55
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2. REAHE
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gk T — % O43HT1E Kaleidoscope Pro 12 X B FENTIZAN 2 AL L7575 7 7 A L@ BAEHEEIC X 0 5k L7z,

3. HE

ayE VHOEFITEMA TR S, &5 757 — % O A% % Kaleidoscope Pro 7 7 A X —fEITIZ X 0 #H5y
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EWICEE Lo EIT O RN L, BN SR T — 2802 LT, 7T AT 8 A FRoH (HERE
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(BAGHT~OBENE) NArbiiz, 2B, TH~8 A2 TIL A B ¥ A 7OM851 %<, 9 ALIBIXC %4
T OMREN S Do T,

4. EE

BAET 2O OHTIE, £2TOavEVHOEDREIXTERNEOD, [FAHETONy 79477 2 =L,
NAOBMFAETIE (HRIES) CIIMRINRDSTEA, BEA TRHERINTWDZ END, FFEOHDEN
eI, £, FHRIZBNT, 2 B BEAF LY A 7BRESNTNRNT &, KIFTEENRETL
BTHDLZEND, HERTIONCT A BIZ I 2FELD b, REMIZI2WMEDIZ ) a2 U VFHOHIEIZHE L TW
BEVZD,

AthIL. BERORME (BE FTREIERESS) % L0 BIREICT 2 2 & T, Bk EE TR B A R ET D I ETE
Hlhed, £, B - REWOEFZ LI HBEOKEICH 1~2 HERET L Lfha v YV HITEETE
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1. IFL»ic
K LR E DN IIEEMIT )N 2 Wit U, FOZERMEZ 7 0 %, Fx RAERBROBELZE (LI TV 5D,
FRiZ, AN O )HEEY T b 5 R AHHEIZE PN BRI L, BRI BUK D72 DI HHEARLE S LU
HEOMW T ~ER AR ET D, ZIUT K > TOKmEZENE L, KEEVMOBEDER STnd, Ll Zo)l
SRR BN IRE SN D72, HEN @ LIENESRFHOM FomIc b 2 2 2 BITRAE STy, e TR
T 2020 FAZEITR H 6 —2>H OHHECE 1 )T, KL/ S ful Ol SRR E0E) 28Rt 2 Bl
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decomposition

Janine Tolod??, Junjiro N. Negishi®, Nobuo Ishiyama#, Md. Khorshed Alam Tushar?,
Mirza ATM Tanvir Rahman?, Pongpet Pongsivapai?, Gao Yiyang?, Masanao Sueyoshi?,
Futoshi Nakamura®

1) Graduate School of Environmental Science, Hokkaido University, 2) Department of
Biological Sciences, University of Santo Tomas, 3) Faculty of Environmental Earth Science,
Hokkaido University, 4) Hokkaido Research Organization, 5) Aqua Restoration Research
Center, Public Works Research Institute, 6) Faculty of Agriculture, Hokkaido University

1. Introduction

Underlying geology has seldom been studied as a factor indirectly affecting structural and functional
characteristics of freshwater streams. It has been established that difference in underlying geology can affect
water quality particularly temperature, and this effect may eventually be cascaded to aquatic
macroinvertebrates. Temperature variation is a powerful indicator of geological difference in a watershed and
has been found to be an important factor influencing freshwater organisms. For example, temperature is
responsible for regulating a number of chemical and physiological processes, and has been documented in past
studies to alter water quality and stream metabolism as well as insect growth and life histories. An important
functional characteristic of streams that can be indirectly affected by geology through its effect on water quality
and macroinvertebrate assemblages is leaf litter (Coarse Particulate Organic Matter/CPOM) decomposition, by
affecting the activity of decomposers. Leaf litter decomposition include conditioning by microorganisms thereby
making the leaves more palatable and easily assimilated by shredder macroinvertebrates, however, the
activities of these organisms are largely influenced by surrounding abiotic factors. This study aims to elucidate
on the effects of the differences in underlying geology to water quality and macroinvertebrates, and
subsequently to leaf litter decomposition in headwater streams thereby providing deeper insights on how
geology is important in understanding structural and functional characteristics of freshwater ecosystems.

2. Methodology

The study was done in ten headwater streams situated in the Tokachi dake watershed in Furano, Central
Hokkaido in summer (Jul-Aug) and early winter (Nov-Dec) of 2018. Five streams were characterized as ‘volcanic’
due to the porous underlying geology (mostly pumice) and the other five were considered as ‘nonvolcanic’ due to
their non-porous underlying geology. The study sites were similar in terms of average water depth, elevation,
and discharge during summer and winter. For each stream, five pairs of coarse and fine mesh nets containing
3g of Alnus japonica were incubated for 23 and 32 days for summer and early winter, respectively. Water quality
parameters (temperature, electrical conductivity/EC, ions, nutrients) and morphological characteristics (width,
depth, flow velocity) of the streams were also measured. Remaining leaf litter were combusted to obtain Ash-
free Dry Mass (AFDM) for the calculation of decomposition rate (k/day). All invertebrates inside the traps were
collected and identified to family level. Sediments situated on top of the traps were also collected, sieved, dried,
and weighed to account for effects of burying.

3. Results and Discussion

Significant difference in temperature (lower in volcanic streams during summer) and total phosphorus (higher
in volcanic streams during winter) were documented between stream types. EC was consistently different
between stream types for both seasons. Abundance and diversity of macroinvertebrates (total abundance,
diversity, shredder abundance, shredder diversity) were significantly higher in volcanic streams for both
seasons while shredder biomass was only higher in volcanic streams during winter. Macroinvertebrate
composition also appeared to be different between stream types. In the nonvolcanic sites, low macroinvertebrate
contribution to decomposition was observed in summer, evidenced by the similarity between microorganism-
mediated decomposition (fine mesh) and over-all decomposition (coarse mesh). Volcanic streams, however,
showed substantial contribution of invertebrates to decomposition for both summer and winter, indicating the
important contribution of invertebrate shredders in leaf decomposition particularly in the volcanic streams.
Invertebrate activity also appears to have higher contribution to decomposition in both stream types during
winter. Path analysis indicated the indirect significant effect of geology to leaf decomposition through effects on
water quality particularly temperature. As expected, temperature is an important predictor of microorganism-
mediated decomposition. In summer, lower temperature negatively affects the density of cold-adapted shredder
invertebrates, thereby also affecting leaf decomposition rates. In winter, underlying geology still appears to
affect shredders, albeit not necessarily through temperature, however, still denoting the presence of other
geology-related factors that could affect shredder invertebrate activity and assemblages, and eventually leaf
decomposition rates.
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Testing the effects of fine sediment on community structures of hyporheic

macroinvertebrates

ZW MoV, JN Negishi?, MK Alam?
DGraduate of environmental science, Hokkaido University
2Faculty of environmental earth science, Hokkaido University

1. Introduction

Hyporheic zone plays a vital role in maintaining the
functioning of river ecosystems by providing critical
ecological services, but how fine sediment, in particular a
small amount in association with background environmental
conditions, affects hyporheic macroinvertebrates remains
still unclear. This study tested the effects of fine sediment on
community structures of hyporheic macroinvertebrates by
conducting two experiments.
2. Methods

Five rives with variable background environments (e.g.,
nutrients such as nitrate and phosphate, as well as
invertebrate community) were selected in Hokkaido, Japan.
The first experiment was performed by establishing
colonization traps to examine correlations between fine
sediment and macroinvertebrates. The second experiment
was performed by manipulating the level of fine sediment to
examine causal relationships behind the correlations.
3. Results

In the first experiment, high amount of fine sediment
deposition was positively associated with high abundance of
the
Chironomidae. Organic matter was observed positively

most hyporheic macroinvertebrate taxa except
correlated with fine sediment in hyporheic zone, indicating
indirect positive effects of increased food availability as a
partial mechanism. In the second experiment, the interactive
effects of fine sediment and concentration of background
nutrients on the macroinvertebrate (e.g., total, Chironomidae,
and Oligochaeta abundance) responses to the sediment
additions differed greatly among rivers. Strong positive
effects of fine sediment were observed only in sites or
samples where sediment tolerant taxa such as Caenidae and
Oligochaeta were common. Also, the strongest negative
effects of fine sediment were observed for sites where
Ephemeroptera dominated.

4. Discussion

The findings demonstrated the fine sediment is one of
the that may
macroinvertebrate community structures even at the small

imperative  drivers alter hyporheic
amount. Organic matter positively correlated with fine
sediment, indicating indirect positive effects of increased
food availability as a partial mechanism. Without the organic
matter effects, the macroinvertebrate response to fine
sediment was inconsistent across sites. Contrary to the
known detrimental effects of a high amount of fine sediment,
fine sediment (not in excess of natural background levels)
could provide benefits for them. Background environmental
conditions and macroinvertebrate communities were
considered essential determinants of the effect sizes and
with EPT dominated

communities being highly sensitive to fine sediment

directions of fine sediment

pollution.

Estmate of total abundance change

Figure: A plot showing the three-dimensional representation
of interaction of macroinvertebrates and environmental
conditions (FS ratio: fine sediment proportion; PCA2: other
environmental variable such as nutrients).
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Eco-Geomorphological Evaluation of the Riverbed Changes

of Katsura River in Relation to Low-head Dam Removal

OENBANG XIAO - Yasuhiro TAKEMON - Sohei KOBAYASHI - Tetsuya SUMI

Nowadays, almost all river systems have been heavily regulated by man-made
hydraulic structures. Large dams are well known for their capability of altering flow
regime and trapping sediment from upstream, and their influence on the river channel
have been intensively studied. Small low head dams such as weirs which have
overwhelmed number comparing to the big ones, however, are much less studied for their
geomorphic and environmental influences. In the recent three decades the river ecological
restoration became a hot topic and has absorbed much attention to the widely distributed
low head dams. Even though many studies have recorded the short-term channel
morphological changes and the biological response to the low head dam removal, few
mentioned how to link these two parts and how to countermeasure the degradation of the
ecological functions by weirs and their removal. Since Takemon (2011) proposed a new
disciplinary called “Habitatology” as a powerful tool to link the river geo-physical
characteristics and aquatic ecological functions. This study followed the idea of
Habitatology to investigate the empirical relationships between river geomorphic
parameters and riffle habitat structures by studying the channel historical changes in a
gravel bed river with multiple weirs and their removal.

Another issue regarding the management scheme of low-head dams is that as many
more low head dams are being removed, however, some researchers are proposing to
build more similar ones for restoring the river ecological functions in terms of hyporheic
flow. After literature review and field observation we hypothesized the fine sediment
dynamism behind a weir determines the efficiency of the hyporheic flow which would
have been induced by a weir. the fine sediment deposition at the top of the riverbed would
greatly compromise the desired hyporheic flow by the newly built weirs. Thus, this study
is also dedicated to figure out the low-head dams’ effect on the hyporheic flow by field
study and numerical modeling. The results are agreed with our hypothesis. However, the
underlying theory of fine sediment dynamism behind a weir — like structures are urgently
needed to be thoroughly understood.
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7 u ZEHEER BRI ORER, 7HHZABOIKIZE A+ — 7 THEICE < (P<0.05), b/ H~=oi)
BBUIHEEEYE L BHKES TEREICSE 2 o7 (P<0.05), T/, ¥ 2L —7 VL OIIREIC B\ TR AFEKH
THEEIL% > 7- (P<0.05),

FETIX, o ofEFICHFE. EINEY L EO HHAH & OBEMEIC O W TH IR L7z v,

4. HiEE

PHERICEWCTHEL S 2B £ Lzay 7 b Y IR ERBRERE B ORISR I E# R L R E S,

3. AHFFCIE JSPS BT E 21H03652 Dfidh % % CTiThb iz,

5. 5I R
FHFIRER - FellZER] (2017) Se SR MHEEFX OKHEK & e F — 7 Hic BT 2 7 2 v H 0BG, Bk
{8 5: 29-38.

B - R)I17ERT (2019) RSO R 2 BEKHX B XA b =7 Rk T 5 7 2 Ao FEBEIR
I ENEYK. RN K AR AR E R~ 4 2 A v P IFFERHE 22005, 25pp.

iR o & - JLIRRE (2019) 2 /7 ) BOEEOMY - WAEER2 X2 2 2E2HIBELT—. HAB¥S
217-231.

= 68:

ﬂHU

—112—


yukina.harada
テキストボックス
OC-4


0C-5

MR TREDOFENER & EAICH TS

ZR Y T AHIIV Rana japonica D EINIGFETFE D LLER

OMHAMBEER Y - PAfEE D
1) ESZWTZERAFEE N LRBFET W ARE T — 24

1 EFCsIc

=R YT AT TVEEIND O RHEPICEINT 2 BhaERE AL Tk Y, BHPZOELREMET L% 5. Ll
mH D, [HG R E S EOILRIC X 2R HOFZ L PHHEREE IS, = v 7 775 v @ FESRE IE 23 /K H I8 < R
A LT3, 29 LRI OENLER IS T 5 kK (7259) 2=Fv 7 h 7z DR
Gl 725 2 LI N T2, L 25D, ZOEIGATOREBLRHE IR R AL v, KR T, 32
S BARFAEE M A S N, F2RNICOEHSRESHAE T 2RI TiRBo —#tXIcEH L, =hvThh=T
LD REEYIRDL % MK CHIR S 2 2 & T, WhENEMIC B T 2 EINIREAIICE S 2 M A0S Hif L 7.

2. AEH

FIRN T itk o —Hi X 1< & 2 K AT & mENEH (722 0) & e Lz, o ofEHIzIEN 2@,
H N IZH) 700 m BEIICHZE LT 5. FiEHh-CH A E D oK R <, FEERTIC & HE A A342 2 72 W I H
BRIEABF L Cwa, FlEHIcE W OKBEZEIEL, ¥ 2m OFIFNICSH 2 =k v 7 A7 TV QYIS Z 5L
7z, AKHMAE, FHEPMEHE Dicr— b Y R OAEHEREZ K 14km ICERE L. IO B 2 E Z R L, %
DEFROKEZFHI L 72, £72, BRI NG OMEREE b ff¢ TRl L7z, Yoz =k v T7hahx
N DEIHRETH 5 2021 FF3 H9HDH 10 Hic A F THEMEL 7.

3. BREER

KM CIE, FF 138 ISk E h, 2D 5 b 19 flTLhEM L Tz, IIBLIZ I NREES D kis i
D, BEERA HUNERE T UfiElx 70 cm 2R L7z, b IIBEA3% 2> o 7o s RBFHIC B L 72 KHH O BEER TH b
B 37T RS N, WEEPEHL T, FF 40 HOIIRARER I, 2D 5 b 3METHESBMMLL T, EINE
FTOMERBEIE, Type A : IMENEHLD 2 o O HITIE K & N7z /NEBE 0 W BABUKIR, Type B @ i N =
i & BER O RN & DRNCTER & 7 /B A D R BAOKI, Type C : FEPBHRIR ORI L Vo 72 8 X 4 FiC
DFEINTZ, ZDH D TypeAICH T 28800 28 fll (70 %) & D% <, XIiC Type B T 111, Type C Ti¥ 1
PO RICE EF o7, DI S D 572Dk TypeA D 1 i TH Y, FF 12 23R8Iz, IR SRS D
IKEED FYEIZ DWW T, K TIE 3em, FHEMEHLTIE 9em & BEE ITIENEH 2 A - 72 (U-test, p<0.001).

TEHIC B W OEMNE I =F Y TAAT TV OEINGHCIEd 523, BHDIZS 32 DEELREWEEZL LN
oo Fe, WHEMEHNICITRHO X5 IRV REBUKEARERIC L 2FTE L R0z, 295 LGRTGERIIC#E
O3 2 EADS R X N, FENEO = vy T AN T ADEINE L L CoOiErE» 5701, bPirled
10 cm KiWFEE O R OHBUKIR-CHATHR ORIHAEE L E 2 b s, Tz, WHENEMIC BT 2 EIKEFEIZEHT
RANELD L VHHFICHEP o7, TOERIZ=F YT HHNIADIMEE GEE) Y4 EREEE O RS <%
B 2AREMED B D, SHOKRE HERAMEIE W2 5.

4. HEE
AfTEIE, () BREIF AR ORBIMIERAHEEE (JPMEERF20202001) (< X 0 FEEL 7-.
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テキストボックス
OC-5


OD-1

E & PCRIZZFIALI-/KEKFERIZHITS
HEREEMEDMORMRHFEDRSE

HEFHY, W /Y, Wl =Y, BEA Mk,
KA, & 658 K ®E? /| K Y

1) R RS R RS WA 5e R

NN T 4y 7 aryP Y (B,

3) A HIKERARERERDT, 4) iR R TR

1. IZC®I

KEKIFEHTH D ¥ LSRR KIL TlE, BRBIEEOKEDENIZEY, LIZUIE THhOR ] OFF &
RHWE (VA AI R 2-MIB) 25K V729 T RO OB 23 B HE e LIEEIZ 72 > T B,
LTV K & BRI AN T 5 72 DI R AEIH S O3 R C O R AE A 5| . 2 F /7 O EN B
Lo TG, WTFE, ERROMBEEfRRT D8 T-7e kL LT, W EREERNOH D 7 o wfEnm
L CREFT 2V ERARELRF2TE PCR IBICEVAIET 2=V VI FEOMENER ST
W5, R TIE, & PCRIZ X 28E DNA J{A & . B Tl aE7a/ N O E & PCR & % Al
AL, KFE#HOBE T, DR (Vo4 A I V) GEE SOV CRE A 25 A7, ffd TR
T 5 T EAOMIRE L O B RERYE 2 ET 5 2 & T, #I78 PCRICK 20 ONRPEA T #A
OB OFAG A 4T - 77,

2. WEHE

AT, B RAR T O FEERKEH O — > TH D TAIRTAKM TIT - 72, BFKHPNICEE O FR A H
REEL 2020 47 A~10 AIZEGF 9 BIOFAKZIT - 70, BAKITEREREEITICIHBWNT, 1L OR
UM 1 AW TEBEAKEZERK Uz, 8K LR YL, FANCEZREEREN 1%12725 L 9 I8
%, 7 —T7 =Ry 7 ATHKE L TERBICFELIF-7-, TNEO 500mL OH 7 KIZONWT, 1
e3> GF/F 577 A7 4 V% — (GE Healthcare) % i\ Tl L7-, I8, 7 1 L ¥ — 5 OBREE DNA
FHIZ DWW TIE, BRI DNA S BITOERKE DNA & - EBi~==27 /1 ver2l

(http://lednasociety.org/manual) (2> CfT->7-, PCR HEIZIZEE PCR #E&E % v, PCR &ff
X, 50°C T247. 95°C T104 D%, 95°C T15 8, 60°C T60 6 nY A 7 /v& 55 %147
N7o72, PCR7 74 ~—+ 7u—"7 (X Tsaoetal. (2014) % HARFIZD L&LB L=WE W=, #
T8O E & PCR (PicoGene® PCR1100, H AHAH 1-#1) ZHWT, SAKREHI G ENH Y =4 A I
AGBR T OWREZWE Uiz, BIHTIX, KRBT HLNCAT U7 A7 4 L4 —(0.45pm) T Al

(220~500mL) L7=, 2 BfILANIZ Doi et al. (2021) D 7751 & 0 BLEC DNA filith L7=, Bl3512 T,
E8 PCR EFAIEkD T 7 A ~—T 0 —T 2 H\ Tl &iT-o7-,

3. AEHE

EE - ENAMNLVPCREFNEFNTHIEINEZY 2 XA VARELETORBRE L. FHEA T 4R3I
PEAE T VA DOMNEESCY = A A IV OREDOEA L RO E# Z R LT, 5T, B&E TN
PCR ZENFNTHIEINTZY 2 A VAMBLEFOEE L, FHETY 24 AIVDOBRELDODFEER
RRPENS T B AL, FHZE A L PCRIZEB W T WD ERED R D S LT,

4, ER

7-11 HIZBWGREZITo /bR, £FHI T, B3 L, E&E PCR O T O FIED B FRIERITHH
THZENTEZ, XAV PCRICEBWTHEE PCRIZIEHT A2 1035 Z ERHLMNE 2o
776

DA AIVEAT VO L Y = A A I ARG T O R IO THEEL L - EhiEA R L
TWAZEND, Vo A VARELEFOER PCR AOMIL., KEHKIMNTOY =42 IV EET
CVEIEDOERIRI A RS A~ — =L R0 2 D 2 L R R T ARIR Th o 72, AFEDTFIEIC
L0 KFEHTOD CREAT LV EEOTEOR RE L 72 0 | KIEHIC I 1T 2 e CBUKZE 3| i
KB T DRER DRI SN, HRICEMET 2 KEK~DERY 27 05K HOKE AL = &
DI N D,
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テキストボックス
OD-1


OD-2

IRIE DNA T 2 RWVERINICE T 24 A hF- T EHXERDRE

EAEHA Y, HREEC 2, BEHR 2, RRREA Y, fEE2
1) LA R L S e TR 2) 10 RPERFBEAIRRE 7ok
1. IZC®HIZ

AR ARRE DA AT F HEI1E, KIBAEBRICEKRREEL KT LED ZEPREINTEY, 2FREMNRERIR
DR B ST BN OB N MBE L SN TNV D, T, KEAMOE=4 1 7 FikL L TERE DNA 54708
FIASNAD TEY, KRWNITBIT D44 0T 5 E ORI 20540 OREE DS FIREIC 72 > TE TV, LavL, ik
BT DA AN T X ERIET HREERII oIS LTV 2RY. £ 2 TANIJETIE, BREE DNA 4
& W CT—fRACRIEB )N 3T A A I F X EDEMDMARTE L, TANT X EELITHEL MT LGSR

HR A Rt L7z,

2. WEHE .
PEBIKFR D 30 HIAITISWNT, 2021 4F 4 H 21~22 HITEREE DNA 4> 7 A 5-) ol
LDk UAV IS & BIENOZER 2T -7 (B-1). AR 5i8 - DNA = — (i}
HitH 217 - 7%, 7R PCR T X 0 &HRAHE D+ 55 5 & DB DNA it §§§§§§3 “)g/ ke
B L. ZERE S DB MR B 1km £ COMPICHOT, A4 (@ 1o & s Mﬂ
FHEWEET Y (0:0%, ~5: 40%ELE) TRHL, 4> R—/LolEfL | g oot 400 f£%§§*5

e

BRI E W TAHA DT X EWE T 7 LEREE DNA BE L OBfRIZHOW

THE L7, & 512, [RMFHTIC X 0 445 F 7 555 DNA 2% L BRES 5RO mW \;M.
BIRR 2 MRS L7z, BREZZERIE, FRKHLS 2 B B 1 km O&FE O 1| JE50 004 uio
VIR HEI A (%), WTARARL, )| BEHEY £ ColMio > 7 (0: Rif 200 =1 A

mET, ~5: Ff1km U E) #BEtL~-. (BRI : 200 copies/L)

3 BREER

BREE DNA 0Hr OfE R, 30 Hubid 19 #ifi TA A4 H T F = OB8REE DNA M S (B-1), #Ei) ik & 3k
O 1| F it TEREE DNA NS @ o T2, A D T Z e OBREL DNA B & Bk #uS B ogE & o
MICBRE R EOMEN A LN Z Lo s (K-2a), Bl DNA R EFROPE A2 KB L TWD 2 &R S vz,
F7-, BREE DNA JBJE L @A & OFICIEOMBENR A LU (B-2b), BREE DNA JRE & IR AR & O FICEAE
ERAOHBENA LT (B-2¢c). —5C, REE DNA JREE &) B ErE &Y £ C OB & ORICIXBRZE 2B
Honiginol (B-2d). ZabnZ & X0, IELOH#ESETHOE G2 @I SBRE DNA RER ELV
BRI H Y, FRAEOFECHRTIXE CAA D FHXEOEENEZ VLTV ERHLNE 25T,

@6 (b) 6 - (©)6 - @6
i o |
o 5 o © 8 5 % 8o 5 &) 5
4 g 4 4 (©) {10

QTE( Qo o (@] [6) o 4 (éj 4

< 30 © 310 © ° 3 3

pd o (o)

ﬂ?ﬁ 2 1=0.618 2 1 t=0444 2 1 t=-0571 2

Eﬁ% 1 p <0.010 14 p <0.010 1 p <0.010 1

US) 0 T T T T T , 0 OO0+ T T 1 0 000—O0—O— 0

o 0 1 2 3 4 5 6 0 0.5 1 15 2 0 00100200300400 0 1 2 3 4 5 &6

FAHFRERET VD logro(E4 b E 5 (%)+1) AR AL FERTS S £ COEREZ > 7

K-2 AAHFFEOERE DNA BE & EgE R OSREER & OBEt%
(a) kS FROAA A FEEHRHET 7, (b) EiE1km EBodmAMmEES (%)
(¢) i 1km OWEAR, (d) EFROW)IEWREEY £ COMEET > 7
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OD-2


OD-3

BENIZH T LHREDNAREICEL DYV 5 Y RABMLEEIEEDHA

HEAEA UV, B0V, MTNZ D 7V, BBER 2, WAL 2, ARELEE?
DR SRR B JE 0T, 2)[E 22 Ak bttt 7 5 fif Jay & 13T ) 1 =] <% Pt
1.IEC®HIZ
FRIE)ITTIE, BARBAGHZEEE R, 27 7~ 2AFOMEOABRERN L0 DR L E=% U » 73 Efi S
., EENRBEELEE=XY 7O, T2 T~ AN BT 5 BAEE X O & E D 7= #igetE O RIE AR
HNTWD, AFEIL, EENREMT —XHIEOWREIEEZERDL Z & %OV 7 T~ XEIIKRESEOFL %
HIIZ, BREE DNA E@& i &Z Y2 7~ A0 B3 2 31 CHEM L7z,

2.EHE = 1.AEHS
Y7 T~ A%, BEEI)ITR 1 EAET D720, DNA A H TE LS

Dt - AT, M ELTE 7 7~ A EDRCE~ | m55 DNA ﬁ%%?f%ﬁg@%;%%g;?i%
AVDERIZTE R, —Fh, BRI T, SRTBGe | WERA | AR, ERABUT LI O £ T
HORC 0K/ 3 b= KU 7 DNA OREEWAREE % = | EIRME | B DNA WAL 5 L 200m DL
LIRSS U, BLEERE 2. % 1 ond e o S

BWCEIVHIAT (2019459 H 5 H) & PEUIH (20194E 11 H 1 H) (8RR ATV, 2 DNA &£ 2 F = KU 7 DNA
BRIG L LB R PCRIEIC L B RN 21T -7, £7o. FEIRMICIE, B255 DNA S ORIED 0. FETRE O

A b FEhE L. (R 1),

3.MER

DR, I b3 FU 7 DNA REL, MUEOER D 27208 LA ATRERT B 2R E . SR CTREIREIC
REEMLZ(K 1), B,/ F=a FU 7 DNA JREHIE, BT T b EINR 3 2 < fdd S L7 BFREHG ChRck
L7 W BN Tt CFrE dUE - RIUBIR TROME) TRE<, ToERMTETLE (K2), £/,

¥,/ bz FU 7 DNARENRK E 72 2 BRESE T2 7~ Apkfad KOV 7 BHAREOEINR 2 il L,
E 6,000 SRR (9/51K) 6000 (o5 HK) 5,690
a b SR L1/ LK)
g 5,000 % 5,000 - 180k)
S 4,000 8 4,000
< B
% N 016
= 3,000 . 1 3,000
Z 2,31
b 2,052
7 2000 8% 1753 s 2,000
i ' B 1 i
1 1,3 <
000 " g 1000 " .
Bi had 1173
11 2 57 87 ol 21 4wl 107 o -
— - = o s - . s IiE AW
8 IS i & /B t B4 w15 | BHEIE IR SimiE —> & &

- - - —
HETFII| EFdEN e

2. 2 n,r;-:.}}i ___________ j-z;[!‘}H--__ ‘”‘1\” A LR R
L2 rar )7 DNARE (EIRAAREIER) 2% b3 R 7 DNAREL (FEINEARETER)

4.EE

cFEIIIOI a3 RU T DNA RED ERNG ., FTFBUAOHLE T, 1 BRI S HAKRFIZY 7 T~ A
A Lzt ExbRD (K1),

s/ b3 RU 7 DNA BEHIZ, FEAEIS L LRSI O BB TE <. B ERTRERITFRFT
BTN SN D LG | LA IOV CRERS A T 2 2 LT FREL B2 oD (K2), S50, FERED
T bz FU7 DNA BEXEWVWLOO, £,/ I b= RU 7 DNA RBEITEHEGIC TR, R LTW
T ATHEMEDS B LHELR T & | [RIMR O RIS EINEEARMEAFAET B &\ ) BRI & BB LT,

RFHEIL LEDOHOFER Td B8, BRI T — & leh b Ml £ % E RIICHET 5 2 L8 & Bbh 5,

ZEICHEK - DIEFISC,2018. FliR A 22 555 DNA MR T K 5~ 7 m AW o A e & /KR F 256 41(4),123-127.
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OD-3


OD-4

REDNATEEAA/N—O—T 4 VT ZFZAHLN-
SRNKRIZBITHXKEFFHEDIEE

RV, FEikRe Y, AATET 2, RImEAY
D R ABEAI R AP IER, 2) B AL E R4t

1. IZC®HIZ

TR, BREE DNA 73#Ti23WV T, MUEEREE DNA 28R D E ' T 2
ERA X N—a—F ¢ 7Tk (qMiFish 15) BB IN TS, EOSAERIC
Mz CTENZERZG O D gMiFish 51X, #IAERRORELH)IE I N T
HERMAZEMCE AR EZA LTV D2Y, ZHUCET 2 EFEFIEAE LT . 7
HZONBURTH 5. £ 2 TABZETIE, WILRERIIARIZIO T qMiFish ¥ % 58 ;p;gm¢N?%

L, WKEFHOMEN « EEWRFM 21T > 72 (X-1). -1 2 A
2. A&

2018 4 10 HIZ ] 1L RS 2N R OFH A M 25 R TERK L7 K 7 VW T, qMiFish #12 & 2 52455 DNA
EEALN—a—F 4 7% Efi Uiz, Hbhni=fET — ¥ 2 AT, Bt KO DNA BEO &), -
7= A7 10 A RE L, BREEEN OKIE < B - W A5 OHED) & OBRICOWTHE L. £72, nMDS Ik
DA =V T &A1 D 2T, BOKHUS OGO AL OE VLRI OV TRET L.

3 BRLER W T
AWFFETIE, qMiFish {EIZ & > TEEIIACROKY 7B i 38 f ° .
OYAAESBI SNz, BRAKOZ W B 10 Ficikhvay s R e ° . o
U, A A A TEREERTEY, TAb 10 OB DNA BED A FHI R §m il B g °
ROKI 0% Z HED TNz, ZDH, FANT « BT LY « ZI NV DR ) (Y ; p) i )
55 DNA B H & B0 & ORI AR BIE A R D, B 8 OARN a e )
DA AT BB Th A TR AR S NI, —HT, ~UEen oy oo aeBla atfe %
S EIE LT 176 OBl L DBIR b2 b ARno T, = O E L erin mmri Ay
T, B FROFEEHAT 0205 b SREML TR Y, HiEhoD -2 HJH 3L & AR & OBILR
SSAEEDE VKR E KM TERN ST EREILND. bt
nMDS TIEIITEHE = L Ik S & 4 Lz & = 5, Bk ¥ %
DIREE L OMATEL £ TOER, SL12 OHAEL R x w Uy W“ﬁ1 o
FRASKE < BApoTUVE, St.12 13 Ab-Bb BUCHE - A Th %o_o_ # N .
%2 ki, Bb BOWIEREClEd 5 b 00 1 FFl o fEH o ¥ %ﬁm“ﬁ”
WEEREZITND EEZLNS. A TH, MiFish & ¢ ¥ mim
N5 = & CEIRIKRICHT 5 U8 & B SR & ol E 5 o e
TS D L HCR R, A%, LRRRSEGHTRETSZE  dea e et
T, BEROS LARBMIHIIORNS EEZLRD. -4 nDMS 12k 7 £ o Hoe
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OD-4


OD-5

TR KRER SR S & VIRE DNA BAEICE DK
BIEOFEKEICEET 5 EEMRET

AIBREIR Y, RIRBAYD, RlEN 2, RREEYD, gD, EEm Y
DI AR RFBERI B AR, 2t TR A R BR B s
1. ARER
WA, RBEZEENCEE D WNARO EFEAFREIN TR Y, ISR 5 aEO 4B RO R Lo Atk OfE /N /3 ik
BEINTWD. T, K EFITRE S BIEODHILOFE RN 2B E PRI 572010, f3E L KIBORME %
ML, FHEOHEKIBIZOWTHIRTIXLENSH S, L, FERJINCKT 2 AEOE BRI & KEOBRIZ
DUVWTHRF L 7R 9Eidised Th e, & 2 CTARMSE T, KB, Lo, @E)kic 3817 2 MERe 72 KRk
BLl3 L OBREE DNA 7 — & 2 W TR D L KIROBRICOW TG L, FHAFEICBIT 2 4EKIE A HET D
ZEHEHEME LT
2. Ak
IR O EHBIN TR ER KR e T —2 A L, SHSOKEEZ 15 sHRETieek L7z (R-1). R DNA ¥
YINVDOEKIE, BEFEERNSRE L TRKEIEITOINIE T 2020/8/29~2020/9/1, &E)INZFHWT 2018/9/5~
2018/9/7 1247 7=. BREE DNA HHTICIZEREA ¥ 3—a—F ¢ U 7EE HV, SREOBRE DNA BE % g1
ERACHEE L7z, £ D%, BREE DNA ST Lo TH SRS B 2 bhvcliikfad K OUEARS 4 nEFEE 5 L
L, BRBE DNA B L £k HATO— 23 H B OEB KR & DBMRICHOWT, —fRILEIEET L (GLM) Ik 5 BEt%
ITofe. IWEERIT & AEORE DNARE |, SiAZHIT KR BXO DKIREZD 23] E] L L, £7 /1%
PUZ X 5 TAIC DEN o TfERERRA MET L E LTERA L. 723, BREE DNA 2Rt & ivizn o 7o s, /KR
TN LTS, S OA BRI E EMICHRE TE v S S - fisic o0 i, o SR L7
FTo, TRIZOWTULEEIIKSR & Z Ol 2 K% TEEE DNA 5 O E R 72 > TWizie s, @Kk L
ZDfth 2 KK THEIL TR 21T > 72
3. BREBR
KHEI, JTONKFRIZE T 57 2 O5EE DNA JREE & KIEO BRI X OV GLM O f#T#E 12 555 < Bl R 2 K-
2\ T. BREE DNA AT OfE R, 7 2 O8R5 DNA JREEIIKIED 24°C HifE OLAICEVMEZ R L, KBXSE X Z
20°C LAF, 27°C DL EDOEAIHRMEZ R L7-. B8 DNA BENESWHUSIE T 20L& BBER S, b LIET
ZOIEMENRE < 72V, BREE DNA OBHEN L RDBE THLEEZXOND. LR -> T, RE DNA RENE
— 7 &Y 24°C ATTIE, 7 ORI Th 5 EHEE SIS GLM ORI T H ) 24°C T7 = OB E DNA
WRENKRKERDAIZFEKTHY, KO EFF 2K TFICE> TEREE DNA RBENSZRICIK T 28AA A 501
7=. ZOMOWEKA (FA BT, BTV, T7A) IZONTIE, BREE DNA JEEE L KR L ORMIC T = L REDH
WEPEDRBRMN A BT, T2 ERARECIInotz. £z, EEME (WUME, FF 78, a3v /R E, VY
/AR Y) IZOWTITEREE DNA JRE L AKIBROBIRIFFTVEEB X bz, ZHUk, FROIRESCH G T 2100
OYFEREDE BRI £, KBS OBRBEE N S BIRDUCEE L TRV, KET—% OA% V- GLM CiEilf
TERMoTZT2dThHDEEZBND.

&0 800007 o mamAHLOT A |
3 — GLMIZ X % figtfries e
£ 60000 -
(o
s
40000 -
il
%
=< 20000 A
2
;_\‘[_% 0 T T 1
10 15 20 25 30 35 40
KR (°CC)
-2 7= OB DNA S & AR ORI & O GLM (2 X 5 fig

VIEEES

—118—


yukina.harada
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OD-5


OD-6

BKENIZHEITHFES LEEZDIIRE DNA AUV -7 204 Bi55E
FPARRED, REMKRE?Y, EIIHETY
1) REARFLEES, 2) JCREART: B REFHE L
R) I INE S NE & iy S R vt |
1. iFZLwic
REAR R 2 i 2 BRI O FW I faFED—> & L TT = (Plecoglossus altivelis altivelis) H3ZF 55 23,
R, WER - RSO EAICH D, TOERE LT, WEE TS AR - BEEING OB, )RR G
WNZ X DTN D WALD FAE 33 1 - B FRRFEN R S TS, 2O X 5 7, BREE)I O 17> HK20km i

AT DI DB W TH A EFEN 2012 L 0 FEE SN2018FITH T L. K7.56kmd o 72 & AKX
XA~ & B L, FEM 4 2R DAAT & AR OB HECEIN S B L T DL TR S DB R ENYI O~ A
ZLMERGITHD Z b, Fil Y AEIC X DIHERROZLCE U S A OIRE & E BT 5 =
L, ABOWNERSARBREREZITOBROEELZMAIZR 2O EHFEIND. L LR, BREEI AN KA
JN BRI Td D12, BKBELCHHRE I 7 2 0AE BRI 2 EREMICHMET 2 Z L IZREETH 5. £ 2
TAMFZETIE, BEDNASHZMWT, DF AMHEZROT 20&BRTOIR, 2)4 L#ZE1C L 5L BRSO RIER
A E RIS 2 Z 2 HIE T 5.

2. Fik

FHAT XM, BREE)IHED O 5 4 AKX o B E TE L, WA LEKKE, BUKXRE, TiRXMz5E

T, ML L0 E - FHICET 2 ENORE FHE/R6- D DOW(St.4~St.9) 2T L, ST 5 T = Otk
B AR 2 BREEDNA JREED G L7z, FAAI1X20174E3~11 A IC K HLS TR AK2LEAK L, U 7% A LPCR
ETT 2 ORI 72 DNAZ E &AL L 72,

H 2B LD T 20 ARG ORIERIL A ERIZFHET 2729, BIHEHE) G5 5N 2 BREDNARE L B L
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Bz oz, ROWT, X AREIZ K o THRKIRAEE L2 KBIZE T 2 7 2OA BRI OV THIET 2729, ik
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RO, FORER, RERBPEE THST/NTA—XIX Fr THHZ ERH LRGN RmRE%ZH
WTH MMERTRO T 2O A B 2 #EE U72RE R, FHEXE (A58 9km 2254 27km £T) IZBWTH
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—HT, AATTIRHT LY U7 A7 EOBRE DNA RN KE 2o 7oL, WilH0E N X5 DNARED
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ATREPEOMIZ, BREE DNA BRI U TR/ NS < Ao b, B R ZENA Uleh o T ATREME 2 RGET 5
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CxXf L, L-2 (ZHF W CTH o 7z, BHKEBRORBEMENICE T [ RIiFADUT] & §FHf L 72 #i#%& T.P.2.5m
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ELTFELTWS,

B, RK7vv s boiFENE, LToYEE (A&
JIiE - WFREE) OB SHREATEE 223 631l - EfEL Tk
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WL < B Lz, 72720, BRI RE < Fe7p AL & HRLANRAE LT O8RS 745 L 0 IEgEHIREOIX S
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B DOZEAEE R E OIS I 1T D BRBERFE 2 et L 7=,
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IE=RY L TONRADOBHM LB D Z &b KOAR T EZREEBICT 2 (—EWIMAKA 2 #ER L CREIR AR L7248, K
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FEHE L LTX L0 E0RnY) 77 Ly A (XA B LD, £AET, ZNmAEZD LT EmET
BEFE L2, FHS 3 r I CBRBER ZHER, a V7 — MEC XV IRAEFMEZREL, EBREICTCHEE, §HK
AT o 72 BREEEN T — 2 L REBWEHT — 2 2 W CE AR 21TV, [RAEBIIFEE (PCA), MIKESE (RDA)
BEDREEL 7222 HH L 7-.

IR L EE
RDA OfEHR, 13 A DXL TEHWERD 1 - 2 i
o7 AL TRIN, TWIRCEREEKTH S s
CLARENS, LIS B EEBIIREE 025k & X
1 IcFd. SRAR LT RAER & LB OZL2 S
BREMBL T 5 DI L, LREIEA LT i bl
HAE CBLLCHIEAETIILIE L A LBLEF, B
BB LIFAL LOKIEDTH 572, BED T & h
b, FFAL L CILITRBL & FE SR, Wific o
K LBESERIE NS DI L, LEEITH T IR 4 la e TR
BRI X N5 b 00, FEBIREE O BRI 12 RS 4 4 CR
BB LEALND. LIEITEHS CRAEB DAL K -05 00 05 10 15 20

E o XA, RIS X ) TR OFA THMOEE

BHotz. 2oz i, EETCIIIIIRAOHRELZE 2 1+ 3 2 BEE 0L
IS CEICE D, X ORI B AR 2 RS T 5

EFEzZbhD.

o1 o

ELEFHYOEMNE
o
>

TR : WA X L, GR: LWHEITX L
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OH-6

ADNERSLTRICB T 2ELEEMOFHEE)

P{ATE e i < S AR/ N A ANV N 1 N

1. [FCHIC

& LRI HE S WO IR TRV B B DS 2 1,
FIROT —~v—{bxn| &I L, ELEBYOIFESER
PR TIZORND Z ENMBNTND. Z LT
JINZEBWT, &R e ZHENMES T 5 2 &3
HENTWD OO, FHIZ K2 EAEYORFENE
DEACIZEE T 25 B3 b 72, £ 2 TRIFE T, & A
TURI O A B O AL BRI O FFHE B & 1883 5
Z & EAMIZ, JLOJ)INERA LTI TEAE O
REL L A, WPRERIR OFA A FEha L7

2. M EARE

TLONNE, TR & BRI A Wi 2 Wik fg 3940m?2
D—FI) T D . ILOJITFHNNITER D HAI 70 £
W U7 DSEET S . [T, W) BRBE Dk
FEAHME LT 2014 06 EWIECAEm S TE
D, ZZ 3FETIRERY AERKE TIZEER 8000 m?
DEWMBTASH TN D, 2020 FE0FK (9 H) &4 (12
H), 2021 F0F (4 H) OFF3E], EHE LTI 6
TERZE RS, SEEIC TR R T I RO 3 T
TEABMIELIT o=, LMo 3 EAIL, FER
AKIZ X DWOKXHPNICALET S, BEEICIE, 50x50 cm
DA RT— MiEH—r—=%y & (HAV : 500 pm)
W, U TINABREERIT o BT TR, WERERE
K8, HiEe, WERMEORIEX 2y, WK EARE) OFf
WxEAT -T2, o7, B L~V CHE L CE S %
RHECL, PV IChEo T 4 ooAERD (FAER, WE
RO, BRI L2 oft (v V) 1o TR
Liz. 7% 95°C T 12 REMgE S, A=
(g/m2) ZWELZ. £ LT, EWE AR ES<
ATERURE b & ZR IR T bkl L 7z

3. BRLEE
IO OEFE A A TFHXEEICEBWT, K2 7 B 18
B, X2z 7B 198, FHIZIX 78 20 BoEALEN

D) IR RS AR R

el sz, EmEE, 4, &, KolEickE< (B-
1), TN 24 9.13+3.27 g/m2, 3.82+1.36 g/m2,
1.37+0.75 g/m2 CEBHMEHERERA) Tholo. fEEREK
IS ATRARE L (R-2) 1. AICEEROEIE D
b RELBO~TO%FETH Y, FhERICH 40%LL E%
HO Tz, AROEIAE, FICKEL 40~50%F2T
BHolo. HERNE, EOHKBEOIKIZ 10~25%% 5
TWz., 2 TCOEHCTHEEMCTHLEEED T~ M E
I RINAEE RS IR LS, TOEEITK
o> TEABMEEROENE L LTz, BKOFIT,
%< DIEABY ORI H -5 2 & PR S
WL DHKIZE DHEBIZ L > TEMENEN -T2 &5
b,

ALY, JLO)INERZ LTI T 2 EAEY
OEEE L A EOFFEIL, v~ s 7RO
BUCHBEI N TND Z LR E N, A%, KA
MR IR B L b 2 D BREERICOWTRET 2 s 2 24
TWRBH L. FEETIE, 2021 £H (7T A) OFERIZOND
THHETLTETHD.

T b W EER
T Rk
4 YRR

£ 2 ii__Df“
#H o . . (Pl
o8 £ = O zof

-1 #=HioLYE oY

100% :
g 80% HEER
8] 60% m a3
g o O mEs
wo  20% s
Iﬁ 0% (iR €idl
* =3 # O=zof

X-2 H=FioMAEEIC X 3 EGRE R R

BE 3wk

1) PIPIHERL : B O AT AR X B )11
RERaTAM, B AZERESAEE, 55 3%, pp.189-197, 2005.
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OH-7

INBNIDKRIMRSZ LTRICE T HERICK 58 LEESEYOH EEEKR

TRBE Fa D, JRIEGL 2, hREED, SRImEAY
DI AR RZEBERI A AR, 2) 1l A R MK EE R K EEDTFE R

1. [FL®IC

WL & 247 & Sk UCBRid %38 LIEIEtE O 491,
ZLSRMEDME B VTZAEIR, WD HITINIZ & D A KD
ARMETH ETES, 2 ONJITREAEFEDHEN L
IRRBICH D EEZBND. K, EHOKZRNSD
IIARFRIAD 2 7o, FGERRESIC L0 W R EE S e
FRENIUTEBBE CoOABOE TN TE S,
ERBOETICH T - TE, EERICE 28 EEOR
AR it Lz BT, ARGOEILERN KX
WEFTZ FRICHEE T 5 2 Lk b, AiFgET
%, @ LUEEREN S R STV D LR &L &R
Ze YAV D /IR R DR & I FIsIZ B W TR &
TN O RRE S RO SR A FAE L, 4B
ERIZ K 208 L ENEFE O R EIRGUS W TRRET L7z,

2. MEEARE

RS DT IRO/NBNIAN, 38 X OVEE 230 3 )1
AR 1L EREZRT (IX-1), 2020 F0HE, %, BX
V2021 FFEICENEN 1L EILL L, #HEZEwLZ. &
NENDERIZB W TEAKBER - # EMEREZITV,
LN =HOMBIRN AR Z LIk L.
2L, HAMORESCEBEORICOWTIX, T0ER
LR AR TE TV, ikt gsk L LT
FRAERPHIL, TNENOERIZBONTHE - M, HoH0
3 - hea 1ML EETe, WEEKICHR - T 100 m 2Lk
DX & LT, F7o, FEER T O 4 M L
THESE OB R AR L, AES e h =M -
WIIZBS 5 LB 2 DN DEROMWR (5 - %% -
EHOME « KT X OF M - fFUEOKERNE) %
S - FRER LT, ZADDORERMNS, 1F c REL~UL
TOHELRIT X 208 U [BLERE O _E R ER 0 & 574 L 7=

3. BREER

AREICIBNT, AFHIF29fE, —E W =F4F 8
AR SN, 205 Y, L EIFREITIAIET 5 #
15f, TEA=JET3IF6FTHY, \WTIbid4

AT

b P,

T
y }\\{ o 1530 80120 |k

B-1. /NIRRT I8 2 HEERE 4540 &t
RO WZE Y AT = %R LT E .

s 7o, HEERE, NI - W) - ) - VT
FAEE R P CIEIC Z 2 1, 14, 37, 1 HEfER
iz, ZHhOHERO S S, AENKE I TR
X, /NBOHTHE LB TR O 1 EOHRTH o7z
W) ERNTIE, FRfrs 1 &rE & 2 &ErE O
EROMICEER 5 m UL O R S .
NBJHTAINTIE, 3 ST O A E R DO WNTAUZIBNT
b, ATH (FIPR) T T 7 NEDER S L.
IRbMEY, RICTREKICERT D, HDVITEE
B Z DS BPHXNARNETH D728, 1E « RE
VAUV TCRIESS, e (E 2.6 m) OMFEICHH
BN HREDRE EREERICEBRL TN B X6
Nz A4av /7 RIRE7 A= 0o72, BE 10 m
PLEOHERZ B2 Tl ET5 2 LR RESN TV D
X, /NE)IKRIZEB T HHE BN OEER 5 m
YL B B cEgR S . Las L, ) LR
DERTIZZIN G OFENFHER IR o Tclow, R
DIKENIMNZ, DI X - Til LIEEEEY O 5y
iR & TV 2 ATREME D R STz,
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OH-9
INSEZ LETRNANRERICKDAEDEILLEEEFHYDILEIZ DT

NEFFSR D, AR D, $RIRE 2, SHARZFEZ D, HHKE 2, ARLEA 2
DE A8 0 8 ) R e 1 &7 e PR IT m%ﬁAﬁ@m&mﬁ At
1. EFC®HIC

INENNEFE T V7 ARAE ZRBEICR D, R T OOIRER) T CREINE SN TH D5, /MNEX AEIEF
44 FFICZHMF N E LT LU, R 57 4, 58 FFOUPIKIT L 0 Ikt OHERD 23 HETT L, Iek it DR DHE
FEDRRE L 72 o T D, F 72X AT E CITMBAE A A U, 77—~ —a— MEDRETTT 5 & & HITIEA 3 EH
EAL L, B LB HEIT LTz, 2 b &%), iKMo HER TR X O A TiEORE X EL B L L L
INA NAPEERR L, A28 9 AL ERBUEH ST\ b, REBERICH 7= o TIEFRL 26 FF0 bW BER R d K
OAMBREOE=4 )V TRHENERSNTEY . B0 AL RRAOHEB LI ORECOVW TR LTS, 22T
L, ZRETEWOUER D2 < BB L TWe X ATED, T/ A N2 OERIC X > THE O W BRI

L OVEATHHNRE S EF L, WIBRENLESN T L HEEZENT 5,

2. FREHE

LT OWNERHEDOZAL 2 RS 5728, 200m fHEOMBIHIE, #ize L —V —HEEZRERMICE/R L, AHEY
Y Tk L RSB K D IRAOE A A fERTAOIC G U 7o, E 72l & RIS A AT D /N N 0 TR
HILZ AR L CHAAE LT e 2 BETI6 LT, HZKRTEE Tl O MBI & & 8 PERY 2ol PRASBH AL 2 520 L 72,
FRE O LTI, # o B, K CHREBTAVICIIE S 2308 U, JEAB A 2 £e L7z, & meE 11 A
BRI 1 MEETA A M L, MRS Lo, AR OV TE, NMDSOGERHERZRT REEIC X
Y H ] d6 & O OBRUE 2t U, LA S8 & BFEME DB DOBRE B R LT,

3. HER

Rk 26 0B 294 F TIHIEFHOBE T2 <. WIRE bIE & A EBIDN R -T2y LR /SA /XA 5 44 T5 m3
DNEHD AT R 30 K TIEF OEE A L S, 176 7 m3 3@ S48 24 7 A HAK THE A AKX <
EE LTS, B R HERRIZAE Uo7z, IRMPERAA CTld, LR S A RS20 6 O ERMHEIC K 0 SERk 30 4FLIRE
ziwwzﬂmm@ﬁk&@\%liﬁﬁk%ﬁ%m%ﬁﬁﬂm%%@botﬂﬁ%%ﬁémtoi@ﬂ4ﬁx@
FRNIRICB O THASCEADMEL L, AKER 1.5~2m BEH 7203, L A SZAPGEM S D &R E
HREL., KB Im LR EZeolz, —FH, WA RREHEEDRWEGER H 5 & B ORI EIZHERE U 7= ks k
DI L, KIEDELS 0D Z 2BV IR LT, EAEBMIZOWTIX, L ASA SGERRNITIEERH 5 H DO DERH
BOENE N @E -T2, EHAZITER ORI E LB U, SROCFEITERNEN M L7z, NMDS (k5 &, &
LTI TIEL, TR 25 450 5 28 45 F TUII i CEABMBE N EAELL L, ¥ A B F T KE) & R
ROMEMIE A R LTV, EHRITEEICEB L, A 2 F 0 KRHKZITRE) INOEWERME & o7z,

4 EE

T UAE L B 7 A S ZTE AT E THRL LB Ch o722y, WA X 0 MRar B3 2 < e s v, BEA D
FHZA DV IABITR BB E GUVIRIB L 2o T2 & B X B D, FT PR 30 FELAREICELIRY R & 2R K DMe & . FH3RAD
RTWENPKRES L L, ¥ L2ERAOBRREBIOESOWZ L ZEZ O D, IKABIREEDZENIZ Z OE DO
IR E L TAELTZ LB R BND, T A S AEH RN AEEY O ETEREI ST ZE LTV edy, B
ANADBEBRIZE VS v bPMRELS I, FEEBEN A T I v 7 ICEBT L0 RoT e EALND,
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