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T—H &b EATRER R LR O HEREE I OV
THMEAT .
2.3 BE)NIFKEIRHIY 1 MH T SR EER
T Hb DO HERE & 3% 1 O BRI 2 R D 72D
(ZHUHSEBR 21T o 72, M 2B LTz 4 FREH D /S
NS ARBAER L, 2.1 &[REEED A o &K EL
WCRREBE L. 77, 2.1 OKAEF—2 2T,
ARV OTEKREH, HEACRZ RS 5. £ LT,
B SFVATHERE L T2 B O 43T, ez 70, +
W OHERE Lo W IR H OER 21T 5 .
SHEROBE

2017 A5/ 5 2020 4 F CTORAFER 2 LW HERE %
BB L, WEHTIE ldem O+ OHEFEH WeZR
NI, 72F 0 TiE-9em E WO FERTH Y, HE
HCIFHEREH A RO D b DD, ToF V) TR
REMAHER CTE 2. F72, 2020 FDHKIZHEH
T5E, T HOHKPNEN -T2, & Tl
6 A5 8 HDMTENENDEBOHA T 3em
UL Eo LR OHEFED MR STz, BIIERRIZ D0
Th, L/ SRAAHTICEE L EROMA T
WOHEFEIE 6cm SHEFR S 41, S 4em TERR L7-
WO R NNTT _RTCEWTHESTLESTZ. /R
IVAND LR DHTRERIC O TS BHRET 5.
IRALFHZ & 2 KOLBLIAIC, mi7kik & AR Dk
BT E A LEDPHERTE T, SAKRBTHI
K & RIRRIZERLONMT ARG < Z & A HERR T &
7o, HEHO FIICT V—27 BFEIEL, KOPEK
LR TE, R TO LR OHERICEEL TV D
EEZLND.
R 1 REFTE D —EBIE JSPS BHIFE: 19K04625 (%
FOREEM) OBEkIick v FER L. £, K
B BT B Praf A sk D W /) & W T 72Tz,
BSEXM

1)KL, B, 8 E ARG X B IR O A AT e 2
~HERE A e L C~ISHAER TR 17(2), 67~77, 2015
2) U, KL, KA, 8 - ) B AR 6 O B T
2, LARZAWMICHEBIOKTE)Vol. 71, Nod, 2015 4E.
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WECPC0052
長方形


OB-4

BB T 55 LEBRNESTHNT FESTSIZRITTHEDRE
RPEGD, RmBAY, WEERD, 287D, 7RV
HEEC D, PREEY, R 2
D R RIRR AT FERE,  2) fR ] L3R P B

1. [FLC®HIC

HIRFR O H)ITIE, 2017 46 KRWNELA L L TEHES D2\ T
A A FEM LTV . BENE Y AHORREICK & TR A RIS 5 &
LEETHY, T Wit TE 2 —FT, KABYOEYME
BAONEEEND. T, X ATRKEICKT @I L5 EE
)~ DAL, IVERER A~ DR L BB LI @b o —I)
W25 EBEZBND. £ ZTEMIETIE, FHINZRWTH LA E
AR RIETRBORGEZ BN E L, EEBHOBEETHLE S

0 255 10

FHAY NY T Stenopsyche marmorata (LA'F, &7 F7H) xR E — m—

L7=Bi85E DNA S 21T\, & LlibEigics i 2 Ao for BT BJINCE T 5 BEE DNA Bk R
W EDEALIZ OV TR LT,
2. AEMFE L VREHZE

2016 /5 2019 4RITHT T, (WA &, VL A, KRNRX LAZNENO ETiiaate 8 #im (B-1) T3
15 [ OFKFHAE 2 Fh L7z, AR CREKEZ 1L T O8K L THIESREICRLIRY, T7 A @7 12 —12TA
WL7=0h, v/ HOREE DNA 24t L=, &7 40 DNA ZFEFERAICRIHATEE/R 7 74 ~—F& v hMZT
U7 A 5 PCR ZITV, kBT 5 e 7T VOB DNAREZHIE Lz, 7ok, FEE AL KRNEL A
TIX 2019 - FE TIZ 2 1] (2017/9/14, 2018/9/18), WY EM ST\ 5H. Fiz, RS TIXIREOHEKIZHE O 7
WA DHEMR e 7 F T OEYEITKET 5L TRIL, BREE DNA JRE &8RS L0 EWAANTES O 2 Lo Rk &
DEAR A fRET LTz,

3. MERELLUVUEBE

2017/11/3 & 2018/9/3 |23\ Tl b F2fi X FHIN TIR@ b E R X AN, & 77 U O BREE DNA RS KIgIC
B L TR, Z2O[AITFIC Y 2EFOHS THE Th o7z (B-2). £72, RREIZH VTR &2 150m?/s
ZHZ DA, BRE DNARENSKIEICHE D Lz (B-3). ZbnZ &b, H)INCEBIT 54 L@l &
DAANNRIBED R DORFGIZ Ko TIERAEM) (87 0) OAYEELRD S8, FICHITED 150 m3/s 2 55
BUTUE, AWEE KIFICED SE2 MR H 5 2 &SRB S k.

1.2 m2017/9/2

7 T T T
1 02017/11/3 6 Ld 150m3/s | OWARSLAMSFEMBT L |
1 m2018/9/3 5 OFEMY LMD RKHRES L |
08 02018/11/3 o v ORMERS L& YTt
K = 13 = 4 1Y
< 06 (| <% 3
% 2 0.4 | % 2 2 e 20
®S . ﬁ81ﬁ>g
%~ 0.2 - e ®
= LT o BT [ee b Jo koosbe
0- 0 100 200 300 400 500 600 700
stl  st2 l st3  st4 st st6 st7  st8 ] _ »
B ERERRE kB &K YRT4ERMDRARE (m¥s)
B-2 RDIEHIAEC IS T B RN OB DNA B-3 KA L 55E DNA BIEOBIR
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WECPC0052
長方形


0C-1

Aster JBOMEPRSGIAFE, HYREOD T T ) X7 L FBO T X7 O HigA RS

A E! SELIe? MEAS OURE Wu ximei® IR HIRETE

Aster JBOMIBSGIAFET T T ) X2 Aster kantoensis Kitamura (GREEEZ L v FU X MERAEHRITIE, § &KL
v RUARNTIX IBE) LU TX7 Aster tripolium L. (BREEA L > KU A MNMEMBEAERTE, U< THE) X, £
IWENBESR & TR OGEfEE L CTRATEEBIDNERM SN TE L, WU T ) X7 3BEAERHER I TS, BE
JIAKSR, ZEENIKR, FBJIKR CHREIEEIDEMIN TS, U T X7 ILE)I O, B EEAR & CRE
EEDNEBINTWD, ZEIRIIZET L0 7% 7 OREEHZITo ol RIE, ZENNTROAT Z 7 F 7 Ok
BIFEESEICL LD & LT,

FTeBix, BT T X7 OfEZZE) IO AT KB X ZF 0N, 7T %7 OFE %2 BRSO X%
PH BRI AR 2 AT » TE T,

RN EOEIFERII AT T ) F 73— OLER, U7X 7T AFERERRLI OO0, vTF 7 OO
2y MIEA L TEED LB A FLRRICBIERE R L THET 2 2 L 3B aSn20 T, 77 X7 b —[E%HH
BOZEETHY . TIREWIEFEDORBOIIHITAEST LTV DL OIEDRRY A X2z 2EERZNE D &
BEZbD, ThbL, WL R OZERETH Y | SLHOEFE T OFEWD T OEIERZ 2 THDH D
ThH-oT, FEARNZRAEFELIZELL TV 5,

mfE e b, BEMIAKEN DO T, lBBATHRANR Y x—F—Th b,

FARM) 22T 7RO & b REBA TH Y . KBNS L FRETH 5,

W fE & b ke e B R AR A AE D B 2 MEE A FF > Tl 61, FTORFRHIORZRIITEFTSIT O LHigEf
WZIEFE 23 > TV o 7,

RELS BARD01L, VX7 BEAEMTHY | KPR LSTZKTEFTEZHDIZ LT, BT T X734
BCTEXRVRTHD,

A XY RZBWT, “Sea Wall 2 EDEENH Y | Soft Wall DFRF-OM LIZH#EI > T X 7~ Tim Gardener & T
BOMFERE L L X, Tin DOIREBDFEEZFHFIZEZL D EWIIRERDH T, BIfEOa 7 ) — NoiR%
B ONIZ P OMFICEZ D Z 1T, #EFEOHEDLLIZT TR LA O
BACELED ToDIZEG TIE AR, L, IEFEOEMSERIEERO & £ 0 KIS LT,
HRUE OWE AR BRE D
O HEROERITHT LN B TEND LD 5oh 5,

AT T ) FZITOWTIEL, 1980 A0 B IR AR FAVRMFIE D H 41, 2000 4FED>
SDIXEEREOE LD ODOEENIEA SN TE T, 22T, BRATIEELZEHEvIiTHbi
TWRWT IR ORELTAIL, BT T X7 OB L FAEDTDOMFFERE % i H
TX LR D D, BARINCIE, A7 8 TR 1A 1E D 22 WA 2R O A 2 {8k
HELTORYPNRRY X—F —OFERBHIT HiD,

RAEXIG L R DREM OFRITEREEA Ly NI A Me#liFEHES 2163 i CTH H Z LITR S
NDEITERTHY . 11T L TV L ERBSARIZRY, £ 2T, T TIchize
MEATEREDORR Z ST 5 RENEHEEIIRD B b5,

FH b AVIXI R UIXS
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WECPC0052
長方形


0C-2

2019 F£5E 19 BO/FIZL Y 2K LI-BFERIZE 1T HEHEHN DISE

AR, R, s —2, SREEEA Y, HikgErH Y
D) JKETHEKRT, 2) HERY, 3) HR#iiRE

1. [FLHIC

VU5 2 WP E N DEAE T, 7 < 2> DU AR D N2 DATEZSFo TE e, ZhE TR T n<
DSEITHERE SV TE 720, IR PANAREDO BIAEBORADPEA TND, Elo~vY Ao Fa Uik b7 a<Y Ol
DD b WHEAROHERH IS\ W AR & 7 b~ OO 2D 2 LWENEDRE £ - T D, MEEAR~SEAT 2 IRBES A 3E T
DIZHT0 | BT & OUFFBREA~ OO IV Th 5, & 2T, AWIETIIBIFE Z & OIEIT T DMt 7 A1
R E A HRIC, B L DWIEDIAE LTS RO Z BRI, BT 2 & DA 7 K UMD R A 1T > 72,

2. RESE
2.1 &t

IS ATEER KB L, 2RK 4km (123 L5WEK) 100m OWGEEA L, EE « (RIERZAKIHEE ST
WAHIED, HADARYER 100 BICHEE ST D, HMNIFHRERIZE 527 v~ & LEERDPH S TRY . 724 2 [BR
JEOTFEND H1TH T D, 2019 4 10 A3 LR 19 F1E, AROME 2 EEd 2Eama 384 S, N~g
N UT=HKIC 20 BRESRTRRD 559 80m #5 ( Sl DEL N & DIEB AT Uiz, ZAUC X 0 At CidE s L, BRI
PAEOBHER EOREDHER SN TN D, AL TIL, ZEPEEEBIMEAE) G Sl L 5EI b RENEEZ bt
HiaioOhE 135m, BT 100m Zxi gt & Lz,
2.2 BAIRE

IR DRBIARDINE % LA T2DIZ, 2020 428 HrD 9 HITHT TRIRDIRIERYWEA 1T o 72, xGaiN% 5m P45 0D A
2 TRANT L, BliE2S 1.3m DL EOBIRA RFGUTRITE, B, RET2HEOREAATk LT, SHITRRERLOZ
X2 % R DRI TSRS LIk & 272 U, RO EZ Tk LT,
2.3 HEEE

BIFERE A2 EAICHR T2 2 L 2 BB, 2020 4F 10 A1/VE UAV 12 L - TR L7242 BB 245 Y 7 - (agisoft
metashape) |28 > TA/VVEEAL L, Zivgk b ST ZVFRR UTe, E7-28h GEIC L DBIFERHEOREZ S 5720, —
EREPHORBIAZ RIGHT, MR & RTK JINIIC L ANCEFEASE A Fidk L. QGIS & AV CRifE s L7z,
2.4 s

PPN OHIRES AR5 723D, 2020 45 8 AT THRD DA AN T TR ARRE L. MEAIT -7, Bl - TR SHERS L
ToMHTRTRET L, FLARIOMIEERORET A &b L1, R aHEE LT,

3 WMR-FL®

BIARIT 652 A/ha, 4 9 AL L7, MEHTRESZ 7 o~y FE 7 a~Y L7 2 ) % BHHTIIZ A %, ¥
VEE, FYFCE o TR ST, Eo, BT & oML, W% CHERS U@l X DM A 552570
AT, EBR L 0 NEERICIE, CORFES R 8 BILL O AEEDIHER TE -, —7, IR L SUEHACIIAE TR D
AAFERIT 5 EIZ TR . AT OALF=RIT 3 FIL T/ o7, MFHREICIIT A8 D & OEFRE IR T 5L, 7~y o
FEAFRDBHI SEITH S T-DITH L, RO 7 2 ) %L v<EE I3 3H, =/ FII8EIThH-o7T-, F-. HFREICHIT S
AR HER SN b O L E ., TOBEIIZ A /%, Y<ET, ¥7 /X%, FAIFFTHY., WINbisk
JRIERTS > 77, MR IE, AR ORRRD DS TTEE TR 1L.5m DN -7, B TN L A HIEZEA R b, £ 1m
OHEFENHERS Uz, F72, M X DIEHMROEEE T 10m Th-o72, S%IE, AR L O AR, Hzs & ORRICS
TR 2D | [R] U CINE O 20 72 BRI DOV TE R L TNE 72U,
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長方形


0C-3

RFRMZRT I 2 E T2 EBANRE/NY TV Y 1 OBGFRED

1. FU®IC

AR, HAROWJIE IS kfEA Y = v 2 2 (Robinia
pseudoacacia, =T H T ) DIRADPMEHR T LT
%, ZOWEPZILT A U AEET, 20 TRILLERD
TOICHA~NEA SN, LA L OREY) 358 %0
Nz b, AAREE NI CRBIC Mm% LT, B
TIHLE OB LD FERY O O & D L 7r 572, HE
DB I K IRF DI T REJME T LHEIRARIC X 23 T
FHEZLI &R . 2, MOBREEIS) & Bhb), %
FEEIC L 2 BRBQEREN) 2070, TERO Y
~DEEL KE W, Bk ) 27K LR EEE H
BeELT, ZNFETICEL DWJI[TAY VY 2 DX
PBR2MThbhC&E 2z, Lo LZDEICH L WEER2AEA
LTEEL, "NV vV aBErEEIN3fRe
o7z, WHEP MBI T vV a2 BRET S0
i, N VY 2 DR MIERREEZ O 222 LT, JT
Do ONEN D B, F 2 TAWIZE TR, ILFLURK D H
M %2R T3 2wl oEEZNRE LT, NV
Y2 O NELR TIREIZ A L. BB
Ar7va¥ 774 VEBERMMALEZ, 4203754
i 2-6 HEHEM OV IRLETH Y, chFE TIC
S BIFEY) D 5 BT BAR ORI W S T % 7ok
GHER~—h—Th 5.

2. A%

AL R 2PN % i 2 S8 1] - ) 1| D itk 9 Hb
MO T, 10-30 kDAY TP 2 b EERER
L 72, £8)INTEEERNS L, Rific X LH3FE
L7av, RIS, L2~ 2 v 2 DAL L T
L, CTABiEE 4 Y 7 a8 ) —Aikikic X b DNA
L. 20%, NV vYano~wfsuadTI4
F 10 fEiK (Rops02, Rops05, Rops08 (Lian and Hogetsu
2002), Rops16 (Lian et al. 2004), RP035, RP106, RP109,
RP150, RP206, RP200 (Mishima et al. 2009)) % X5 ic
PCR ¥ilI§% 17> 7. PCR KIGER DMLY v 7' v
DNA 1.5ul, Taq DNA polymerase (TAKARA) 0.25U,
& 7 5 4 <—, 1XPCR Buffer (TAKARA), 2.5mM
MgCl,, 0.4mM dNTP (TALARA)& L, #ftkcai
23 10pl & 7223 X ST L 72, PCR KJEiE 95°C2 0D
#%, 95°C30 £, 55°C30 #», 72°C1 43 % 35 [H{T\y, 72°C
5 0 CTRIGHK, 4°CTIRIFELZ. 20, Fyvr o) —
WRUKENC X Y, PCR ¥iE X /- DNA Wik &% 9
L7, Zontriatkstt FASMAC Ic&R:EEL 7. 1556
N7 PCR EEVEOH#REICIZ GeneScan® (Thermo
Fisher Scientific) # A\ 72, &% 1T GenAlexv 6.5 % F
WCEIRII S BN & BRI OB R IR A FHR L 72,

JNEEARIE Y- V) BERES Y
ISy N

3. BREER

2 171 Ak CFE 18 flfk/His) OB+ % RE
L7z, FEWRIGRIER & 231 ik o 8 AR 19 % Bk % Lk
L7z& T2, LB E FR & B RRE T S )5
WeAREICE» o7 (BE, p<0.05). ZiIEMHER
DRI DE DB L T 3 A[REEDS B 5.
EE2

A FE I LB R IR Bl & v & — 1 B A 1< B
T LM ERE, R Emhe (F5
18K13858-19KK0107), BRIEnf7ia & HEE 2 (5-2006)
BLXOLBREKREAANMAEHIE T Y 27 F h 06 0ER
B EZFE LR F72, BGHE ENEBROBIC)E
WM EK, EANEK (UELKRY) 7 EIIELRY T
TRBET YR OFEDH N 2HEE Lz, & S ICEH
DEZRLIET,

M1 NYIvZaoyr7Yroa
#F1 RS DBEGHZHME

~F0O ~F0

e B Lo EAE mAE Lo
(EzE)  GerE) "
I 18 7000 058 0665 0136
2 17 8600 0530 0759 0314
3 21 7000 0504 0697 0.195
4 22 9100 0785 0807 0.028
5 20 9200 0676 0811 0.173
6 24 6900 0809 0764 0.000
721 7200 0791 0785 0.002
8 14 4400 0662 0698 0.095
9 14 7200 0678 0779 0142
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長方形


0C-4

IRIICECE L =S KEERIL, EYBRICEDL S LELEZEL-oTH?

oFRMHE D,

U (E)  EARMTZERT A R v 2 —,

HIFIEER 2, WHIEED D, FHiliEH 2.9, mfrEE D 2, E5th— 9

2 (EWF) EARBFIEAHIERT — 4, 3 HTRFERE

Beer BB ARTER, 0 BRI k&g, 9 (EWD  HARMHEFTKEREINIE 7 v — 7

1. [FC&HIC

TGKREI O m EA B &3 2 mKE (M5
2T T ORSERESY) OENIAETERESILTER Y,
ISR A 7 T SE 52 nBE e Wrm () O
RABED BTV D, BN TS 2015 FITH4E
L7z BB X2 KEZ LI, EARBOMHE] 35 S
. SR TR HR 2 S0 H 5 2 Bl e ik s 1
SN TW e, @K OENTILHE R EBRBE O Al g2
LRVIGD Z NG, EMBARMEOREZR CBREE OB
BBk E LRT 2EEENFS R INTND, Ln
L. EBIZEKEIAI ORI OWT, THA &L
TORAEEAT > T FHNIMD TZ L, £ T, BE
JICRHE S @mKRBI ENC 3 L, FRE SRR
Bl L72 IR OKETiEZe < i el & 463 5)
ARELT-E A, ERICEOERIR A K L=
HIZMToh D Z & Lipo7z, £ LT, 2016 £ BACI
THA NFESWTZET=F Y T BTV, REERER
DIEHI DHE R KITT BT HO W THREZ 1T 2 7,

2. AEAE

EKEHRHNL, RN e A BT L LTK
VAR T D2 ENZ N, Ll AKOILEFIC
I, EHOME L EoMih 2 L TRER D S L
BIRIZCEL DO TH D, T, BRERERL LTE
Z LRI 1 DO LR S DR D 3 DK
W & DO E DR 2 DO E 23 AR & Kz
FHETHHOTHY , MWL E X (v
) Ok ERD (K1),

BAJINC T, BREERER O @ KEIRE M Thiz 2
2T GRAH A BXONC) 1z, #EEIZTHIL T
7eWGHA R B A A & C OFICERE L. BACI
THA ANV EDE=2 ) 7 % 2016
D 2019 FFEITT TTo 72,

3. BREEE

EB=X Y T ORER, Bk g A2 AT 5 BRERRE
&AL 0D K B HI L WA ) O W S A % 3 3D D 3h R
Moo 2 &R ST, JEAIETO 2016 471 132 H
RIS E D TR o 7208, i T fThik
2017 FITITHEHIHLO 523 FEHEHIH X v b RS B
LTWe, LarL, 2018 RT3 2 L, F4ELL
BEbHEFF STV D Z e RE N7z, EIM Thh-
LT CIE, AR ORE (v 28k 282 TW
DR, 2 KT — b A7 — L THHEE (o Z2460)
MEZTWDH Z &, = K7 — M TORMER D
EWV (B b RELS RS2 EIZER LT,
AMFFEL D . HEHI &V O FELIZRER OB A 72 5
TN, K& OBk & bR E RO FET H 2 &
T, L0 OENPHET S Z L3RS, #BAIC
LD NBRBREEOL TS, P Z IS & T
22 b KBTS I Lz & LT h EEEIMm
THLDOEZELZLND, LML, L EROHESLY
EWHIBE A ED 2 & T, THIKG e EOBRBEER e L
OERMELEE Y, HEOHMBEEOL TITHE L7220
FERMHBT 52 L2, DF0, #BHIE WD 2RI
Mz, BREOERMEZAINT 52 LT, BAIHARKIC
B EWEHEER LTI NTEY, BRkETRL
T m/K B HI O B EMED R S LT,

(b) THA>B

X 1. BREZAECIES O @ AR E O FEIR I DWW T O HEA
THA
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長方形


0C-5

EREBRICHESHEREEBEIXIANINOREEIITESH
A FRDE=RY) D TRERR-

SHATF D HR FED AT | HERD 2)
DBRBRET A MU Z—
2) el VL B RS T
1. [ZC®HIZ
AR A NTANE, RHCKEIZAER T /MO 1 FET, HEKFEROOE S TH D, A X AN TR B
HOKHOEBREOZ (BEOZACHE LR &) 12X AEFTHCHEAEE MWD U, fEHIORICH D Z &
25, EEBXOFRHE & bIC T TE) ISRESH TV (BREEA 2020 ; §RL 2020), EHFEICLVK
BEINDTEDHIKE THER LICA X ANaRERET H720, THERTO 2016 FFI12, AAIREL (EBRREOHE
BEH) HEOBRREBIOBH (LB 217722 L3BERO LB TH D (5H1F0 2018), 2017 D TH
BRIGLARE © . REXREB L OREX RO R EZRGET 57200 =4 ) U IifEZ/kE L T 5, e (8 12m
X10.5m) 1%, JEEHEEICHEVTEZEIE L 6 FRGE (2020 4ERES) L2 @K <, HT# I30HE I 0 & HLUT i &
7RB T2 FREILEB S fv7e v,
AFFRIT, KHERLHIKH 2 & ORI eim 2 LA S U, BIECEWED Y 25 DA XA N3~k
BT HI2DDOXH E T DHRICONT, BB ONEZBINL THET 5,

2. REREBLVEZS2 Y VITHAEDENR = 1 BEWES LVE=S U S I HEOEHERTR

o " ESrl= = =
LFRIO 2016 FFIZEFHOBAZ/MEERY . SEHEHD [T5h016 [ A |[Ermos@mive
Xf}ﬂﬂ&%@@(%i%%)Lto%é%(&%%ﬁ%)W 11 A 148 |BtE(xRLEHHE) WZEFE DR X )\
T%(2017 (10868 [EZHUITHREAE
TIE MIEICRWED Y 2 L O EURTFRED A X A NaXZ&{f |7 (20184898 |[Aam@a@Hn) [ INLH—FAE
EEHREE CREL
T HD, NAGHHELL Brkz., BEXD) 2 LTFHEH o 2018 4E SA8H |BBHEELEE) BABED S EBIEN
B ) 7ASH | ABWEIL(EAND) iR
PIEAT o TV 5, 2B, I A X A Na_Gfhiik4E B 98 128 |E=vUSIHAE
_ ) g X R 2019 [7H 178 | ABSBELGHE) > anILH—fER
W2, EEHICEEET A AEEKE T, 2018 FIC AARRELE SA38 Te—sU-sma
TN Lf:%ﬁ ;Eé\@o LI A 1 |, EXIY 1T 2018 £ 2020 |7 B 178 | ABNIEEL(HE) FHRUHHGHER
108138 |[E=oUIRa

LAE 1 [EfT-» TWA, BE=F U o Z&IT. TR L= 2017
FELRE, AXANaXOBTE - FEEICHT-25 9 A0S 10 AlZiT-o T\ 5,

3. WMEOMRBRLEE K 2 AR\ ANRDFEZIRRE SUEBHOEE IR (B 518)

o o 2016 (2017 (2018|2019 F|2020 &
PR T=2 U 7HIRH (2017 £~2020 4F) | PREHITERE 200 ax 2 | 1 [PF | 3 @A | 5 PR | 2 @
;‘ 3= :XX‘\ 3 f\"[’# %}8\ - AN S B FHI oY [ ]
T3z LT AN~ G U CRERR L=, (R4 Tl 2016 4E g s o .
DARE, ks LC—FERVE L LTl Y, AeERLHE e B oo e | o | o

W, ZOD, REMRICE D —EDDNRIETDH-12LEZLND,

SEEE S 2017 AELLE R K A I RO RIS e o Te TAUL. SRS S E R D% L ) o
DICEE Wb o722 LD . (R OEIRAHEA 7S 2 L NER O TR R 5 5, = D7, XH L 77 E O
PR DM 5 T X B2 K S A M T 2 = E NI T 5, AR ANTRPEG L TWE0E. HHEc i
L7izv a0 —7p EOETHNIER Sz, AKDEF DT W TH D720, Form )/ anse & OEFMA
WL D b h S EOWRHIEREY A S\, Ok 5 A MM IS . TP K S DR A T B L %
Bivd, BHEEIC K DHHEEZ HRI-OREDO (LW RAKDEFZ VT MHZ R T 5120E, T LIRE# XY
LEBEOLHDEMEEHHT 52 LT, RNEE DL AEERD D,
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OD-1

ABRA O RO 4L BEF i B3 5 RERHIE R

ELE CrRR A S R

DR R AR AP A RRIABANHIZERE  2) BB ARA ISR AT e 2 v & —

1. HFREERLEW

N BRI ORI, 8L K D 00 )
DA SN TEY, TVl - Bl - oIS
R HWIREENEET D, S OWJIHIED,
o KA - W 8 OAEMICKE & A B A 1R
LT p V. £, WEEICIIRE L A5 - TRRED
FEL, T X > TEMORIFOL T NEAR Y,
— P RIE S B AE &N SN E R 5T
I/\%) 2,3)'

TOIRATE ORI O R BRI A U T B REfE 7 1)
DOEAIERT D L, KHKERIIRE S FETt
WRBE) « HERE L, & OB FKIEED S F/ KR IC
FWROMEHEOW RN R L, WHRICHER T2 Lo 7%
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fHEE2 D 6 2 1 FHRH S AL, Bi5E DNA pin T o e N
TFHETIH 13 4 4 7SN, N S ot

BEE)Y 12 L > TR BIE 6 24 T1E. T ‘ e ‘ =g
~TASEREE DNA FHETHRI SN THY e

Bef DNA FEDORRH ) O S DM 2 7,

I BT, Y THER S 6 XA 7D
I, 2HEATRFR AT OLA T ThHoTN, 2D 24 A 73S DNA THREERICHIE Sz,

THHITINA T, fgY 0 Tk L BREE DNA FIE T, BGonion7'm#A4 TOBEEAEREIL T oz, 2L O
KB5S BREE DNA 28, 30 fE{Ky 0fgd v DL Lo /12 FFo Z LR Sz,

S5, BRI DNA FEOMES 2B E 2 5 L. B DNAIC K 2 Ml (B AR O T, SRImRA A 85 L L&
A, BRI DS/ N S 2 R IS B W CIERICERNTH D L B2 b D, ARIOMEERTIE, BRAGTHoTHLR
HONT BB A THRFET DI ERH LN ->TEY, (B0 IETIERMEREAZEET 5121, 7 —F~—
AN L TWRNT E AR LTV D,

Z D720, B DNA I K- TR T a & A TIREZAT 23, ERBEEREEOR AT L TR RN T 1 ¥
A TOT—H %R A FTHRMTEB L. LV DR RREEHZIT O OO REMNVIZR LD TIERVNEE
ZTCW5D, 5%, BEDNA ZFA LE2E L L TONTad A TF =2 _XR—=ZDOEHICEHEIR L T &E 720,

1 ~7'm x4 ZifE Rk « B85 DNA, £ - kA
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WECPC0052
長方形


OE-3

IR DNA FEZRAVEERINRBEICE T 5 RAEROMEELN - T =751

BB D, HbERE 2, A Y, R Y, RIRREA D
1D W ARFRFBEAIE PR, 2) @ L3R PSR

1. IZL®IZ

W 31T 2 IO SN E ST 51213, FOEOTRMRL 1T T2 < 2D
REMBIZONT bRERIICI T 2 L ER DD, L L, FEICIIZKRARES
BEET 58, AEGEANOMEOBKHREZIRD ZIE S wHEERE D 2 &%)
B, BB K B AR 12 CIRAE D SRR &) | A CREERAY IR 5 =
LEEEETH D, £ TR TIE, AKEREE DNA ORI/ ERIHE Tk
(qMiFish #£) Z M L, BARRE SIS 2 SERC AN RO BRI - &
BIORFHE21T /e~ 72 (M-1). F72, 867 AR 2 TEARAE~— A O R &
Hlet 5 2 LT, FIEMTELNDHHROENIC W THRE L.

2. Jiik

2018 4 9 HICBARIRE )R O 31 M CHARA 21T/ > 7. MiFish 75 A ~—% F\ CARMEBREE
DNA % PCR #4iE L, IlluminaiSeql00 CHiAEF|ZRE L1z, £z, £V 7 MTEEN TV DIREBEA O E &
A% 24— F DNA 2RI L, ABEOY—7 2 A ) — % DNA 2 E—5Uc B L. B350 fEOERET
— 2B L —HT—#Z T nMDS I X DBEMT 217720, fREZHET 2 2 L TENENDHETH
5 % FUEAR O RO M DU TR L 7.

3. MR !
A7 TIE, qMiFish $E12 & > TEE)IKROKF > AN DEF 43 FE o
DOHFFER - YRFM RIS Tz, HA BT & J T 5 & V-85 DNA
MR I, RIS Lo CHIBL Y — U RKRELS BT D2 ERNRESR
72 (K-2). EBHEMIT I, =hr v F FEOREERRVUK - HER

¥ L ORI A BT 5 TR, EEIKROBEREICEE RS Cm e T
Bz Twiz (%-8). —HT, ERET—4 & AT TSR BRTRT AT
W8 A 52 T, qMiFish & 157 5 ERAR S, B-2 FR5E DNA REELLO LBHR
4, B

ARFFECIE, qMiFish 15 CHIEOBREE DNA L 4 MR HEE o Basi07an
T5Z LT, WENICET D AERCKEOMBL Y — R ERN [ .
(CEHIC X B ATREMEAV R STz, £72, FUIEORHERAT & EHiT 5 ;

PRICIE, BESE DNA REZMVH 2 LT, RINRIEFREBE LA £ crmme " o 00 o °
HEREE OB ATREIC /2 5 L B 2 Hvs. —J5C, DNA HEEE O
R ML DD R VEOHRITRE L SKABICARD Z b,

-1 FRAHEEE X

IRIEDNARE L

K- TR
(B, KK BER)

TEANET =2 2RI 0%, el E SRV E D RIEEPKLEIC °

-2 -1

fi 5 ) NM‘IJJSI
[X-3 qMiFish TOREEMHTREF
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WECPC0052
長方形


OE-4

TANFTEDEEEZL ) VJIZEITHRE DNA S DERIZ DT

WREHRD, FEE Y, FREAD, T&H D, REEYD
D WRARFPRFRE AR
1. [FC&HIC
KIABL NI T 2 INIRA 22 PRk B O AW A 24T 0 d, —IRAIC SN SN 5 BB FIETIIZ K9
TIRCHEMIN DD Z DD, WRANTEMEZHEE CE 2BIEFIENRD LD, RIS T, REE DNA S5
FAWTERIEL Y RN A A AR ERT=X ) U 7EORBEEBME LT, IO - b - AFRICE
WTERARZEATY, BRKEFTR CERBE DNA JBEISEVRH D0t Lz, £72, WIRE & EMOREE DNA R
T D Z LT, REBEPNIC X VRS DNA OHBEISGEVWR D 20 ef Lz, S 612, BREI DNA BEEAEK
R _ERO Y B % e b IEREIC ST B BOK AT M V22 A 77— 2 DWW TiRET L 7.
2. AEAE
TLONOEAIZ L FHXE (8 30km) Zxt4:& LT, 2020 45 3 /] 18-19 H (RHRHD), 8 H 5-6 H (pEH)
(ZERK (R 10 Hisiop e fiE - il « A7 3 &) & UAV I K DWENOZ R E T-o72 (B-1). K¥ o7 i
Ai - DNA i L7=%, @8 PCRIC L 0 FEKEFTICRT 244 72 €08 DNAREY €&k L. 7,
ZeiRIE %) 5 Metashape (Agisoft 1) + ArcGIS (ESRI 1) %> ;
<, FAAF S ORI L. y
3. BRLES e
PRIRIIES & O B2 451 C A 0 5 4 025 DNA IS IEHA | 0
AT (fefe - il - ) TEEPRDSTZIEnG, WilloED |
MLETEK L THA AT X EORE DNA Z/HTE 5 2 LR
7~ (Friedman test: P=0.273,0.741). F£7-, /KIRHB L OE | st

HOBKEFT 3 R T 255 DNARE A L& 24, i -1 SR
RAIOBE DNA BRI RIRN £ 0 AEICHVERICH Y, HEMD |, -

SR DRI DK & 1 49 # E ORIk L T = & o | Poog o ek test
WA s (2-2). .

BEKE T OBREE DNA R L Bk S B O A4 1 F X € ORE%
AFE OB & A7z & 2 A, IRIEH CI3+ X CoOERKEHT O 400-2400m
DZEFA T —AZBWTH B R IEOMHBENR A b (-1, Kendall's

0 -
rank correlation tau: P<0.05). Z D& &, LifF - fiE L g L T 3B 8A
D - BKEFTD 8 RSEICHT D85S DNA IR E KV -2 3 AL 008 A oBiks DNA o Mk
N N - 3 VN NS
BKEITH Z 828D, BKHUS B A A F Z DM 4EY KANFT—P<0.05, RF— >0.7
RAHETIECHS = LAV SN, £, RIRIL TamfcR e R AL ERSEER
100m 0.046 0.138 0.276 0.138
BT, COEMAT MR T HEREE DNA IRE EHKTIC  00m 0200 0378 0511 0378
AT 22 BRIT A DRy o 7278 (v < 0.378, P> 0.156), ZAUIIBEfE  400m 0511 0689 0644  0.689
DNA H/KBTNCHERBNIC B CRAE LI KBBHIK (202045 75 20m 0996 0822 0.600 0733
1200m 0.689 0.867 0.644 0.867
14 ) OXENEZOND. ZOHKICEVUINEDREETDZ LT, som o689 0778 0644 0778
FAHLE B DA A BT EREE DS OB HHAE LT DNA 38 2000m 0778 0778 0611 0833

%ﬁfﬁ L @1:5 E@% 2 LTW5 ﬂﬁ%‘fﬁﬁ)%i ShA. 2400m 0.667 0.778 0.722 0.722

BRIBEDNARE (copies/mL)
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WECPC0052
長方形


OE-5

IRIEDNA ST ZRAVEEIERNICE T HREAETDNFIEDRE

FHG Y, BERR Y, IERR Y, HAAE"Y
B Y, BOILERKY, BIRGEY, 7Hh%E
) E 288 A IR R BG S 5 P, 2) [ - A@ 4 v ) EDE S5 T, 3) B H gt R BRBE T 2

1.1IZC®HIC
GBS ITEN (L, BN X, EEMFEEE L UIkb/AV#Ik CHELZIm L TR Y, #HEEHETN
WL, o, BWPITH S8, ZBEE HGREREMICHIIZEI B L 2N b, BELZHEL DD,
BENDONRMLRETIEORMNB RO LN TWD., £ T, MEOBMHAEDOERL LT, KK VRELTT
I RBDBRE DNA X X N —a—F ¢ U T OFEIZONT, THERE & REEOBLR TRt AT o 72,
2. Fi&
BINT, Rk 21 05k 29 4R12, REOBRMIC X 24 (LI, o] | 2
PRAHARA) 239 Sz 50 FERTOFAEHX 6, KR, R, 5 '

MEORMICE VRE L7 15 HEMX (X-1) ([ZBWTERE DNA Y |
BT DR E AT > 1. ST BT B IRIAIE, ATAHED D 1 M A &S
e U, BOKBIE 1L & Lic. BSOEIE ORIED 2 =S %mm

75 1 <—(Miya et al. 2015) & H\ 7=/ 471%, HARIC, B DNA 2
SO DNA A - EB~=2 7/l ver2.2 IZift > 7-. i DNA 4
WML, HAEHE I FEHE & 7= BRI T ORE L & ol L7

. HER

W ENZ I ST BfR A CIEEt 6 H 18 Bl 27 MR S vTe. —
77, BBi DNA 47 Cidit 5 B 12 B 35 A S iz Z & 2vh, 4 AN
PEBFEEX, BREE DNA o O DR L 0 & 2o 70, BRaliai i
THeR SN 27 D H 5, B85 DNA O Tt S 7ol 20

(74%) Thot-. £, GRICELOARMAHZ HOD, ZHET
DA E TR SN TVARWEVE (2 /A4, FIaE, >F |
AEYTHEOL Y KU A MG 4585 DNA O CliiEnE. | D e F
AT T LicH D L, 15 #HiXKH 14 HX TEREE DNA 2Aric L5 -1 Bk U702 H X O B
WD H AR £ 0 20 o7, F70, B REIC B CHER " ‘ R
NIFED T7% (K HKOTH) 8RS DNA SH CHeR S
WA, BRI EEFT OB NI B AEORMHE 1 1E) & |
BB DNA 0 (12 1 B H720 1 IK) O %2 ENOFRE S
MBRE LT L= L 2 A, B DNA ST O8I, FHEHI KN | . : " N
1~2 HIK D & % (LB O ISR LT 104~95% & 72 0 gharqrg -2 AUBOBRFALE () & ok ()
TEARVRIN T o728, FWAEHRER 7 KDL & 72 - 723501, BHEOR A0 T0%FE, 10 KL Lo
AT 60%FLNE L R OMIK DI & EHT B IEAIT, BEE DNA SH RN L 72 5 WTREMAVR S, 72 d,
AREIT, BROYEBFOENICE T HBEERAMEROHENRICE S 720, B DNA S OB & 3R
AV RIS EE A BETH 5.
4. £

B85 DNA 007 (12 118) 13, BEOAERE (D) THRSNEFO TEHU EE2RIHTES 2L, MR
FHIIERE LD b2 2 &, ERMRAE TR SNARVFVESRIL SN 2 LD, BENICADRHET
WELEZ DI, £, WEHKENL L R DA, B DNA SR & /5 = L AR ST

ARG LR B THRAE S, ARG L BB FRAHIK) NS VEBRBEEFE IO TIE, B
DNA 550712 & % Sl A A RE T TH S L B2 bvd. Bz, B DNA ST & - Tl ko
RO AW Z HRIICINE L, SEISLT, FEEFEZICB T, DL ORI A b -l A%
EEMT A7 Y, SBOWEERERFTH 2 L NAMEICARLLEXLND.

- 31 -


WECPC0052
長方形


OF-1

RENAKRERIBERHICE T 57 1EFY A X(ZEEB L-ERRRORES

RS Y JFEHSFRE Y - Ok L Y
DB R RERE 2) I BRIk E R 2 e o 2 —  3) I B KSR B A B e 7 & o & —
1. [FC&HIZ
7 =(Plecoglossus altivelis altivelis)iZ, W/KIREDKEERE LT, YHREOBEERLE LTy, bAEII
BWTHEBERMETHS. LVDITARBINAKRERINOT 2R ORI NE X Z 5 EROFIRRESC Z VD5 A
MEENE TERERIOAG] & U TR EEEEICGEESNTWS, — RIS T =1L, {11 H Tk o R o ]
RICEINT 5 Z ERMBITWDH, AH V29X, WOBELSEL, BERORR D FAEINCFIHT 720
fERY A RGENRH D EEZRLTND DD, TR/KEFEN2WHEREOBELIZZ L, BEIEERZRV LILE
INZBINT DAY A XORFEIZLIZ O T HIERS BRI N TRV, BRE G, WIROWHREIZER LT
ZPEYNEHEEA THE O A B L L, REIIKRICEBW CGREREICDZ 0 7 2 pEIIE OB M4 2 Fh L 7218
BT, AHBERTND HEOEEOENZ L W FEIS L L CRIAT 2 7 2\ IRICEVY ] BdHbHZ L 2R LIz,
AWFFETIX, R BINFREINCIS T 2RO R 2 B (FRHE, JH) 1 H L, 2020 FFRICHRA 2
ETHRPTHEINISINT 57 2 fRY A XRS5 & &I, BEOOEER L R 5MOMBIERE &M, 72K
TER ORI 2L & OBIRIZOWTRFTT 5.
2. F&
R BJIEIR X 25t 50, 7 2 EIMERO Y A X WO BRREFEORMRMEICER LT, UTOMELITo72.
2.1 REOMBRERAES K U7 1LENMEKRY 1 DB
2020 4 10 A FAICE BIERHIZ B W CTFHFAEDORICEEINPHER IO 5 6, ERIIBIRHBICAET
% 43RG LIROWIN (52. Okp fH30) ZHH L, — D ORMIALE T 2 Kl & PR Z A S5 & L7z, 2020 4210 A
28 H& 11 A 7 AR 2 BRAE AT o 7. WHOMBEREEHA TIX, WE - KE, 520 BRIC KL DR,
WEOW R AR A FHIF 2. 7 2 EIMEEY A X2 R T 5720, KF I AT (GoProHEROT) A #%iE L, HiZKEH D
W42 30 J3Ai S BRE COEITEI Z2HET 5. R L8l 24 30 2 LIV Y, Image] & HV THZ
WERREZFHNT 5.
2257 LEERKRAER
B E R A X & EORFMZE A HIET 2720, RERIOEDL T 2 OEHFIE T H 2R » i okl o) %
BT H % ORI OFEERZIT D . AL, 202049 H FTAMS 11 A TAE TOMMT, RRiichiiEs s
B KAE TR (47, 5kp (1) OB TIT 9. £, BoONTBRICKESE, BER)IOFN E OBRME, 2.1 Off#EH
THEINZSINT 2 RER & 72 5 7 2 B ER O & & A ZORHIETIZ OV TELET 5.
3. HROME
B (R, W) 2B T2 2 RoOMHBEERAEORK R, MOMEIZIZHEVEVRLELNRST2b DD, K
&, WIRAEL, R AE TIXEWRA LIV, EBRITIZ L0 15707 2 FEIMEIREEO YA XD/ LT 2 AR
tREZAT S T2FER, 10 A 28 HOFHEICIBWTE, EBETII/NMEOT 23, il CIIREOT 23 IR %217 - T
WAEAN R SN, 11 H 7 HOREMARETIEL, 10 4 28 BIZH, ElCIX 7 OIS A X0 KRB L, %
TIFPEINBINERE B RN K E D LTz, 205 OFERICH T 2 A 172 E 58 M O B kiR i A ks 5
WZOWTIEY HHRET 5.
BiEE . AWFZRIL JSPS BHFE 19K04612 (R : JRHSFRE) OBIEIC XV EhaShi-.

SEH

DABA= 7TaOEIAERE-TT FEIMAOER L FEFIROMEEDO R E S, HAKEEETE, Vol.27, No.12, 1961
DAMAN= TaOEIIERE-TT EINGOKEE L FEEINFA O, HAUKETFEE, Vol. 28, No.4, 1962
A= TaDEINERE-V EINGOMLE, WOKKIKEMFEFTIFEEHE, Vol. 17, No.1, 1967
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WECPC0052
長方形


OF-2

SAIGEKDEN - (FEEAY 4 (Oncorhynchus keta) |1ZRIFT EDEE

W B D, AR 5 R, A8 29, Il BV, Mo ZhengweiV
D AR - BB, 2) dEok - HiBRBE, 3) ALBRHTEREI & R A

1. [FL&HIZ

B (Oncorhynchus keta) V3FKH> &4 HF TR &
W EL, KK & HR KPR OB ARLE T D AR
BR AL - DI R K) 20— 30 em JRIZFEINT 5,
IREFEEKIE (HEHAKEORE) 23 480 C-H T
iR L, #9960 C- H THMAMEIIRD & B Uik %
BT 2 TR bkl BMaED, 2O X5 A NRE
BRI R ~ DR EE N @2 &0 G, FEINREREE
ERETLHIELEFEETH DL, U IRBEAKEHETIC
HEIREYIZPEIN L, RrlCPEIN A2 B N2 101 BRE D I - 1
O 212 S8 598K O EOME 25 S Tn
% (1), —HT, HFKPTEILINTAKEESEIRE O
KIZ K BV I A D EFRFIR TR ERE R EOA
Ol b WA SN TS (2), RBFZETIL, AbifEE &
JINZHBWT, BFmBERE (BLTF, DO) OfkfE L B
HE (LU, EC) OEEN#HE STV A3 AKN Y47
Jl-{FRICHE X DEBEEZTIONCTHIEEHANE L
77
2. Hik

2019 F 11 HIT 8 IR M & R —E iR o Tk | FE
T BRI LT RIRIN A Uz, B892 e L
T, 202041 HIZ, 9 2km XM OFEIRE 20 » FTIC,
e ) B A XENIZ 100 KD Ao 72 bR v 7
R A\ T oL, KEREHOEEE (NHICIRE = 7
— ) ZTRKS 30 em FRICHREY L=, FEE AR 500,
630 C-HIZZE LA v 7 A&EIL L, Bl CHESEE A
Badt B U AERRE R Uiz, AR IR ER=ICE
HIRY, EXE (0.0l mm) E{AE (0.001g) ZHIEL
72o A PEEINRD DO (mg/L), EC (mS/m), pH % &t 4 7]
HIEL, —HEGFA A REDRE L, Ry 7 A
[l % TIZHIE Sz DO, EC, pH, /KIEDEFEHEIC
%LU ERS ST 21TV, DO, pH IZAOHE, EC, K
IBIZIEOMBENH D 5H—Fkoth A 27 % [EAKHE )
EEHFEL,

EWNFERRE LT, 20194 12 A5 2020 4£ 3 A2
T, FRERIR HRER KR 960 C- HICET D T, X
RNTERT L7z, 4 OOWLBEX (ERAKIRLBLX « KK
& DO-{X EC, {X DO ALEEX : m7Kii-1K DO &
EC, @& EC WHX : &/KIE -5 DO & EC, mkKiiaue
X : EAKIE-H DO EC) VKL 3 TixlF7z, /K
O a2 R DO RNV IR TR, EAE TR
TRARRAERERA L L, FXEIC 100 ki1
B L7z, FERWIRMY, SEFEEE O PEBRis LUV DO,
EC, pH, /KIEOHRIE % % /KA <4 B F0E L7, b
%, WIZ—E, SAKEORERHXEOM% 3—5
EEE Y L, RXEEEREEZRE LT,

3. REREEBER
BFANEERIC N T, TR SR IT BRI X M O i R 2

ODFEIIRTHE LWMER TR A SN0, BREHERKNE O
BfRITA GNT, REIARE S DK T, BXE LK
IR KR 500, 630 C- HEINOWFHICENTH
BAKEOHEIMZSONARICIK T L (K1),

FENERIZBWT, AFERITE DO MFEX TE LL
KTFL, ZOMONEX TIIAEEEITRI-T-, BX
¥, & EC MK, mAKEAERK, EKIRAHERXOIE
WCABICREEZ R L (X 2), KEIE, & ECQUHEKXT
D ALER X e~ RN 2 7R LTz,

WEERIZ LV, 1K DO & EC OEAMN Y7 I1- {7l
AOREERIETZ LR LN Ro72, 1K DO BB
X, R OERICESEN B ERIFE L, —F
T, M ECERBEIL, V7 FROARICEBENREEL L
E S 720D, KA XU IZ LY, FE%OAETE
\CADORELE MFTTZ LRARB Sz, £ DO & EC
DO IXERTACIZ AL 5 KBV OB N HELE S, B
JNDOXG X N BN TIE T 5 L IR O & Ok
FT L HEORWY 7 EEIRBREE A 42k L TuZauy,

FBEIKR630°C- HEIN

T p < 0.05
£ S
g | TR
@ 25 ) !
20
-2 0 2 4
SEIKE
X 1. BFAAFEBROFEFIKIR 630 C- HIZHIT 5

THKEE & o B X R OBIR

* (ERRNER ; “ a
B A48 p
BECHUEX &,_,:{:_:;:g;;___,.._._, .

O e
,.':‘.",-"‘é
B s

506 600 700 800 900
mE0R (C-H)

X 2. EWNEBROKLMEXIZKIT S

FEFKIR & Y7 (o R X E O BR

5| A3k
(1) MEBIE— - R B . 2018, HRBJIIAKGRIC
B AV Y7 T~ Z2OEINBREHE (ERD.
AbHEE K FERRBRIG I 7E R, 84t 47-56.
(2) Youngson, A.F., Malcolm, I.A., Thorley, J.L.,
Bacon, P.J., and Soulsby, C. 2004. Long-residence
groundwater effects on incubating salmonid eggs:

1000

low hyporheic oxygen impairs embryo
development. Can. J. Fish. Aquat. Sci. 61(12):
2278-22817.
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WECPC0052
長方形


OF-3

RBEINZE T DFEKREE ISR AL S 1 f= 7 2 E DR BR O 3@ 14 5

SEER VY, EEH?, WWEsAEY, AEH Y, HPIEEEA Y
) BHAKRZFIER, 2 LWThHirewt, 3) EER, 4) mREMKFEHKHAER
1T C®»IZ
7 . (Plecoglossus altivelis altivelis) %, RKE)I|OEER/KEZRO—>THY, I I A EE-CORE S Ot
AT O HCTERWOMEFRF - RBE SN TWD . K TILE % FET HEKOFEECTHEINVEERENSLL T\ D A
REMEDMER SN TV D, —JF, WM O FHRANSIER S L2 ML T > RIZRDN BN 2 i U 73 B B 00 i B K
ko THEMRESNDNEY Y hTHY, RIBEARETSH > THBERENEVIRESHERFSN WD, BHRY
Y RIZBEE DA EN S < 725 EIBAKREAHE L, HEAKCTHERINDWENERINLELZHD (LU, HK
WH) . BEAEAFZE CUE, KNS T 2 OBEINRBIER S5 Z & RHE STV 503, EKBOBIECEREERME &
PERENE & OBRIC OV TIE T SN TWRY. £ 2T, AHFETIZE T, EINEO R S 7K 2
ED LD T BB IR RIS AL S 7o 2 G A U iDLl RZZ B ANE K i B TR A K AE B A B ST LTz,
Z 0 LT, FEINROBUESCAR) & OALERMRICEES &, KRB OEINKE L TOMEMEIZ DN TELE L
2. PEHE
AMFFETIL, RENARNN D LRED 5 B R & 2 M & L iz & L4 & L, A2 6 Tkp~15kp
DI RAET D BEION K OFDIN N 2 S AL DB KT A s At e & L. BiMigi#A % 2018 42 11 A 10~12 A &
2019 47 11 A 13~15 AIZHENE L7z, FH A CRE R OB OHIE 21T\, RS CT7 = OFEIIR A 4 52
i U7z, PESRIRDSTERK S 41 2 1B K I #E & W NI HUTE O Fr O BRI 2 E B3 5 7212, AN T BB IR T g <
T A—H— L HKIZ K 2 MR O E B &4 R, FEINRMTEARL S DIEKEEE O SRS 2 780 L 72
3. fER
4 2 MOFET 9 SOWM, 32 BT CHAEZEM L, 16 Ei C7 2OEIEI RSN (K1), 2018 40
FHATIE, 14.9~7.6kp DOHLPH CTEINR A FER S AUMEWT 5 I mE L Tz, —JF, 2019 4Tk 15.0kp~11.9kp
OHFIPHTPEIIR AR S AVELHRA) LR CHERR Shvie. BREIRBESM S PEINR OB L OBMREZH SNCT 5728
AT 4y J BRI ERATIR o TofE R, O, AN E) &% OEEIREE &1 CH B R ERE 7T /L ANEIR
STz,
4. BE
RN THIR T, BEEOBEKRENTY 2EINRBER STV D
HERHSMNE o2, 7.0kp~15.0kp DX [ETi, 34FE K CHEAIEN
(ZEETNIR ASHERR S A, ARTB/KIEIS T EEINR 1T U 7= el & R @ ISR R
LW, Ik, RXEOLERBING, iEOZ BRI & R
DO LB DD, 1272 L, A CTHER ST EEIRRITA) At
K6 0.31km~1.16km EFROFAIZ/HAM L Tz, RRZRFEKITE
O _EFRANZ PEINIR 23 8 2 5 G 1 iE, b LA T4 5 £ T
WZHET DIV A7 03 H 5. & <12 1.16km EFROEKIO FiRIZITER
PRAEKES B O | AT O FICRE# D05 L PRREIND, 2D,
Wit FAFBDAEFRE BT 2 & A E T OHRED ST A #7275
KRB SND Z N7 flEH I E > THMERD LB 2 b

CREMCHELT 0 10mm
AU R ’

M1 FEAKETRELSNET 2O
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WECPC0052
長方形


/NN B 1T 5 KEERER DR

0G-1

ABKBAERRICRIFTEE

FASFER D, ARIGE 2, N EA D

DAl BRFERE G B AT IR, 2) TARRRZERT B AR IE R o 2 —

1. [FL&IC

POKBFEIZ L > TOKBEIXEZE CTH 5, KEEH Ol
KAE #7132 < ORFEDPEING MM D ERG & LT
PSS, LrL, tORWBEREEZRS Z L5
#L WU/, AR EOBEBAS a7 Y — b
EENREINDHENRE L KEHORENKE <
BT 5, a7V — MERENPFKEBRICKIETE
X, AERRIC Ko TRZR D, AT TIX, R
OB LZKMICH_RTar 7 U — NEREZHRE L
XM, EEKAOAERENED Li—TF, KA
HEOVEIL Lo, ZHRHDEWVOEREZH S )
295 2 Eid, RAEXRIG L 72 D KB AR
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Land Use Impact on Water Quality
and Stream Invertebrates in Indonesia

OSatrio Budi Prakoso?, Yo Miyake?, Wataru Ueda?, Hatma Suryatmojo?
1) Graduate school of Science and Engineering, Ehime University
2) Faculty of Forestry, Universitas Gadjah Mada

1. Introduction

There is a growing need to understand the impact of catchment land use on
stream ecosystems. In Indonesia, the development of agricultural and urban
area in catchment was reported to cause water pollution in rivers and streams.
However, few studies have focused on the land use impact on invertebrate
assemblages in Indonesian streams. In this study, we conducted field survey
in Yogyakarta, Indonesia, to evaluate the influence of land use on water

quality and invertebrate assemblages.

2. Methods

The field survey was conducted at study sites in 23 streams in Yogyakarta,
Indonesia, on May 4-6, 2019. We established study reach in riffle at each site.
Surface water sample (250 ml) was taken at ecach site. Benthic
macroinvertebrate were collected by kick sampling using a D-frame net. In
laboratory, concentrations of NO;-N, NO,-N, NH4-N and PO,-P in the water
samples were measured using an auto-analyzer. Invertebrates were sorted and
identified to the family level. Percentages of land cover (urban, agriculture
and forest) were calculated for the catchment of each site. We developed
generalized linear models (GLMs) to evaluate the effects of land use on water
quality variables and invertebrate metrics (abundance, taxon richness, EPT
abundance and richness). Non-metric multidimensional scaling (NMDS) was
used to evaluate the changes in invertebrate taxonomic composition among

the study sites.

3. Results and Discussion

GLMs revealed that the percent urban area in catchment of each study site
showed a significant positive relationship with the concentrations of NO;-N
and PO4-P in stream water. Invertebrate taxon richness was negatively related
to the relative catchment area of urban (Fig.1), positively with that of forest,
but not with agriculture. There was a negative relationship between the
concentration of NH4-N and taxon and EPT richness (Fig.2). Furthermore,
the results of NMDS showed the loss of intolerant taxa at study sites with
intensive land use and high nutrient concentrations (Fig.3). In conclusion,
human land use resulted in the reduction in water quality and loss of
invertebrate diversity. We suggest that forest regeneration and wastewater

treatment are important to restore stream ecosystems in Indonesia.
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1. Introduction

The anthropogenic activities originated stressors have
degraded freshwater systems, affecting the ecosystem function
throughout the world !. Although various stressors have been
investigated, majority of them assessed either individual effect

23

or for benthic zone Multiple stressors may affect

ecosystems in different ways compared with the cases with

independent effects !

. Hyporheic zone plays key roles in
ecosystem functioning of rivers but has received little attention
from the perspective of the effects of multiple stressors.
Measurements of organic matter decay provides an informative
functional metric of hyporheic zone. However, very few
attempts have been made on the influential factors for organic
matter decay in the hyporheic zone *. This study examined how
multiple stressors, i.e., dissolved nutrient and fine sediment

(fine), affect hyporheic organic matter decay rate.

2. Methodology

The study was conducted from July to November 2019 in the
Satsunai river, eastern Hokkaido, Japan. The influence of co-
occurring stressors was investigated by utilizing the existing
gradient of nutrients (a point source of pollution existed from a
wastewater treatment plant) and manipulating the amount of
fine. We measured decomposition rates of Alnus Japonica
dried leaves (3 g each) at a 30 cm depth from streambed. The
experiment was conducted at four sites having six sub-sites
each; three of each sub-site were either left untouched or
treated with fine. PVC-made wells were installed in some pits
for water collection. Treatment with fine was made by adding
40 kg fine sediments to treatment pit immediately before
returning of excavated sediment to pits. Temperature loggers
were buried together with leaves. For nutrient treatments, sites
were set up according to the relative position of the point
source of pollution having two sites below and above
respectively. The water physicochemical parameters were
measured during the incubation period of traps.

3. Results and discussions

Significant spatial variability of nitrate concentration was
found and the amount of fine sediment in treatment leaves was
found to be higher at all the sites. Added fine sediment had the
pervasive effect, significantly reducing the decomposition rate
whereas, relatively higher nitrate concentration increased the
rate as a single stressor. The organic matter decomposition rate
was relatively higher at lower sediment level regardless of sites
and nutrient levels. However, there was no clear pattern that

supports the interactive effects of two stressors (Figure). The
shredders
exhibited clear positive response to the higher nutrient level.

macro-invertebrate (family: Lepidostomatidae)
However, there was no pattern that supports the interaction
between two stressors. These results suggested that the macro-
invertebrates were the major driving components for organic
matter decay process. Furthermore, the microbial activity could
contribute as a key biological factor for driving organic matter
decay process in the sub-surface zone. Overall, our findings
showed the ramification of the multiple stressors on the sub-
surface organic matter decomposition process which unraveled
the complex mechanisms of this active ecotone.
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ELOW sediment
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:
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Figure: A plot showing the decomposition rate at different
sites at different sediment and nutrient levels
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Introduction

The life-history traits of amphibiotic insects are not
well understood. These insects inhabit in the
hyporheic zone (below the riverbed) as larvae and in
the terrestrial ecosystem as adults (Gibert et al.
1994), however, there is no knowledge concerning
their dispersal characteristics. In this study we
sought to address this by examining how far
amphibiotic insects dispersed away from the
channel (laterally) and along upstream or
downstream (longitudinally) in a gravel-bed river.

Methods

Alloperla ishikariana was selected as the focal species
because it numerically dominates over other
amphibites in an 18 km river segment of a 4th-order
gravel-bed river in Hokkaido, Japan (Negishi et al.
2019). We set Malaise traps at various distances
from the channel towards the riparian forest to
estimate lateral dispersal distances. An elevated
stable nitrogen isotope ratio in downstream larvae,
caused by the influence of effluent from a
wastewater treatment plant, was used to assess
longitudinal dispersals by identifying and tracking
adult movements.

Results and Discussion

Laterally, 50th and 90th percentile dispersal
distances were 11.66 and 35.09 m for female 4.
ishikariana, and 20.59 and 59.20 m for males,
respectively. Longitudinally, 50t and 90tk
percentile dispersal distances were 0.74 and 1.43
km for females, and 3.11 and 7.87 km for males,
respectively. The sex-related difference was clear,
and consistent with previous studies that found
that females travel less far (Kuusela and Huusko
1996, Petersen et al. 1999). A higher number of
adults demonstrated upstream  movement,
suggesting an upstream bias movement in the
longitudinal direction of A. ishikariana similar with
other reported aquatic taxa (Hershey et al. 1993,
Macneale et al 2005). Overall, amphibiotic

- 5] -

stoneflies did not exhibit distinct dispersal
characteristics compared with the results of
previous reports on presumably benthic taxa (e.g.,
Briers et al 2002, Winterbourn et al 2007,
Winterbourn and Crowe 2001). Our findings
support an improved visualization of a multi-
dimensionally connected river ecosystem in terms of
material flow, including vertical connectivity.
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Fig. Lateral (A) and longitudinal (B) dispersals of
adult Alloperla ishikariana. Dotted lines represent
model regression lines
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