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ELNTIE, BVWEZAMIZL D BEREX L2273 > (Phalaris arundinacea) O BDS M % B
FE SRR A FER L 72, AR TR BT D729, LARRW 2554 L T 725t B ORI
o, MBIEZREL 220 793 2 28 0MICkE Lz BEEZTESEL 2D, RERE LR
DL, REDPHA 2D, KB AFEHDEICEL oz, 793 OBER, NA HE (Ranunculus
nipponicus) X FAE SBEEIN U 7225, =3 7 ) (Sparganium emersum) |IEAEWIL, Z
DEFIFIF—ETHo7. —F, 743 F7EVIEEAL, sFEHIZIFWHELL 7. Canonical
Correspondence Analysis DFEH, FREITHE L OEE OMBALIZ NS 7 EOWE L IEOMBED D - 7293,
73T EITAOHENH 5. TSI 7 )IIKELIEOHBEYEH 572, L7zh>T, TNHOKE
T DZALIL, WL ZOMENRBEOZILOKETH L LEZLNE. REBENIZBITA 743
OB T ERERI SN2 LS 7T L OSBRI RN R R AR E NS,

F—J—K ik s3I, NAhE, T3IZY, CCA

HIFA, B O BE FENEIR S NS (Maurer

WA BT B HR A O FE O R 2 BEOR AT K AR
DL IR %K &4 % (Chambers et al. 2008). 7K
AL S OIS XY, FEE O KEREY 23
WERICBEKT D L, MO T 5 (Mesters
1995, V&S 2009). —#&kIZ) — KA+ =77 X
ELTHSNA YTy (Phalaris arundinacea 1..)
&, SEHMER & LCAbT 2 ) A TIA KRR S e
B, %< ORI THOKENY) OAF % R &
¥, MOLHREEZRTSE-2LT, MEOHS
JFALAE) D —D & 72 5 72 (Kercher and Zedler 2004,
Jakubowski 2011). #H L7z 7 4 3 213 A2 n9 AL
EEREADERNTRMIERAL, @BFIZEKL
THED K EFEY) % HEF: L 72 (Green and Galatovitsch
2002, Werner and Zedler 2002, Maurer et al. 2003,
Herr-Turoff and Zedler 2005, 2007, Wisconsin Reed
Canary Grass Management Working Group 2009). 7

IO, —RIIIRE, ¥EEE, BRE

et al. 2003, Lavergne and Molofsky 2004, Randall et
al. 2005, Wisconsin Reed Canary Grass Management
Working Group 2009, Hayley 2013). &2 X % 2
Y3 L OMHIRR MRS 57201218, B OB
BT 5 LENDHY), ZLOEMRNFVLE
& &M% (Wisconsin Reed Canary Grass Management
Working Group 2009). & 512, KN THE %17
) EBREOS RSN OISR S Bk S, KAREY O
ZREEAME T 94 (Dawson 1988, Maurer and Zedler
2002, Pedersen et al. 2006). L7z2A%>C, Z7H 3
IS 5720121, 73 2 O BREK ORI
IS L CTFEe#INL, EHBEOE=F Y 7 24T
WAL E R EZIT ) LMD S (Kercher and
Zedler 2004, Lavergne and Molofsky 2006, Wisconsin
Reed Canary Grass Management Working Group 2009) .
FRSEMIIZ 734§ 2 IR IR 0 75 G L R K 5 % i
NMoEREBAISHTHEDZD Y (HEES 1978,
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Lenat 1984, KHF 1994, £i% 5 1995, Johnson et al.
1997, Donohue et al. 2006, Green and Galatowitsch
2002), JbiEEOMERMIBTD, G R HIR AR
ML TIERBEAMAEH N LRI Tw
5 (RS 1995, JuiEd L3 - & e R R
SARTOTY =7 MkET — 4 2004).

& NN ifEE R R E O TR B & O /N
DRFEHIRZ TR TS 2/MTNTH Y, I 0m
TEEHOBEREMD DIAT 5 RKERAMIC L
D EREADPETL WO —2TH L (uikE
R BERABBRESARTOY 27 Mk%R
F— 2 2004, F)115 2010). HAEHE AR L 1980 4F
Ko E b, BHIEDL v TWw b (Katagiri et al.
2011, JbifEsE 2020). 1991 4FLLRT O3 4 I Lo
MR < (BRI S 2009), 7NA /1€ (Ranunculus
nipponicus (Makino) Nakai var. submersus H. Hara) %5
PRI 534§ % LK 225 L T 7z (Al
#2007, FARS 2012). FEA&JNTIEFIDRBOER
T RE DS NS T 1991 AR 12 5 AN B o0 — IR 72
) ViEEO RS o 72 (Katagiri et al. 2011). —
KEAGIZ ) 2R EEDS 15 L 72 1991 4EDURE, 2001 4F %
TOMIZZ ¥ 3 VIERBEATEECH ML (i
2011), 2004 £EIIGPAZEX AN L, ERIEA 2
L <A L7z, PAZERTIZ o0 L T 7RERER) O 1F
MERTEBIIAHTH B 5, MBEPHELZZ LI
L0, PAZERATIZMEE 04 L T W72k T &
LHINAHEBIPT I 7)) (Sparganium emersum
Rehmann) #2508 £ 7213k L, BN O K
HREY) O L REMEAME T L7z (dkiiE 2007, BEHS
2009). 7Y 3 ¥ OMEELI L DI OME L L
KRB DAL, BrFRERAT O 2012 12 B W
TLEITHTH o7 (FARS 2012).

TR BRI T ) 12 B L 7 Al B o A1 Sk A x5 &
LT, ANMBRILEICB TSR T7A4 744
(Eichhornia crassipes (Mart.) Solms) D FxF (E15
5 2005), KBFOENNZBITEES > 7 F 74
(Pistia stratiotes L.) DALY (M 2015), B X
OEREATEINC BT 544 H T F 2 v (Veronica
anagallis-aquatica L.) OFFAEERE: (FBIE S 2014) 5

IREEH AR 2 R 5 TR R 2 BT 5.

AHfge CHAMN R E L2EL NOBEXBIZBWT

b, 7 ITOBRFICLIYEREEREIELI LT
ANE OB BEE TR L, LA RS 2 E70d
HIEPNTELEWFHEINL UL, WkEicE
WO L AR R F 23 A B 2 R o kA
T O AIRM R BRBEE O L LIZOWTEZ S
VLRI EDDTROND (ZHES 2001,
N7 2015, Collins et al. 2020) .
DEOBEFN? S, KWIETIE, SiREORERE
BRI LD 73 U ANERI % L 7298 #1112
BWT, MBrHEIETWE 793 Y25
kT 52 LI X 2l ERKA - {RAREY D5
R OFRAEM AL 2 BB L, EMBREIC L 5
KM OETCRIRORGER B & L7z, 7% BAWE
FENZ B BKRAEMY OE G & EETEAL, A5 (2014)
Wt 7z,

2. ik
2.1 SAEHY
FBAINEFOZFE L)L, JeiEE TR & 5N
M (AGHE 42 B 44 57, HAE 141 £ 42 53) %R b
# 18 km O/NAIT, B FE O b A1z
MAT D, 7N FAMEZOFAIE, 1991 4125
A — VEREHICEHF I N TS (Fig. 1), #%
30 4F (1991 4~ 2020 1) OPIH5LIL 7.9 C, 4
MK EIL 1,239 mm TH D, KIEKELLZ VO
ZEZFE (6 ~8H) THM 157 mm, 42 (12 ~2 H)
[T HH 44 mm TH 2D (KERIT 2020). J&0 5O
513 300 ~ 40,000 SEHT O KILTHENIZ X 5 BT
AWK 20 m OFE S THEL T2 (R -
T 1980). Z OBABIEEKELE L, BADIZ
EAEDPHTIZEET S, ZODELINMAT
BIKEDF 80% I FICH T RKICE VG ENTE
D, M ZE UiEsEE LT\ s (ki 2007).
EIRILO IR T ML BT, ALK D
ERVCERIBEOAMAHI L T2, JiE X (8
2km) O LGEBICH 2B EAGICBITLEERORE
JEIX, 1985 4E123.36 mg L', 1998 4£1Z 7.58 mg L™,
2010 4E129.6 ~ 11.0mg L' L4 1cBinL, Wi
HAEFMHE 6.0 ~92mg L' EEWETZEH L Tw»
% (Katagiri et al. 2011, JbifEiE 2020). 1980 4FMX F
T, KEEIEIZ 5 ~ 10 m T, JLAKMEMIZFEIZIH -
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TIL LA LT 7z (el 2007, #2935 2009).
FAWIHE T (2012 £~ 2019 4F) OFZEXE O =
i (EAME) LT (REARE) ISBIT2KEDIR
b 2020) LT EBY THDH, eEEHRIT
LT 40~100mg L', THT40~93mgL' ®
HPECTHY, WHBEERIIFNFN33~95mgL’
BLUP19~86mg L' THY, &ERLMIBEESER
1, WL bR TRERAMAEZ HHTD 1985
FEHD 28 GO RE iR E % Z oMM L Tk
D, —ELLFEHEE Y- IR o7
WA RREZE RII AT 014 mg L' 7257275, 13k A
ElF01mg L' LFCThotz, FEEE) Y AMD
TERE & 70 BB IE FE T 1 ~6mg L', FiT 1
~7mgL' THH, MEHFIZRKELE# IR o7

2.2 AEMDEE L EDIE

LMD FE LW Z I, N hE, BX
ML I 7)) Thotz. EAJNLWEBTIEIIHI Y
RHBANCTEEEIC 2 — M2 MESE, 5%
L T # BIZE & w72 (JbiEE 2007). 743
UL o THEL TW 2 WIREENIZIZILKEY T d
HNNAHEBEZIZ YDA LTV, 73
K~ T, FETolE2ER LAY 2 — b
POLEHOERDIZL TR LLEETHL (f
B} 2014). /N4 B BIXFEKDO D L)Lk, e
CICEFTAERSELEORKEY TH Y (Y
2014), JLFEEREFTOVEFIIITIRIRHEIK & WK
DOWEEPBET 55T CRIFICARET 2 (Bt
2002). FEAJITIE EREFIZBWT, fOHICKE
28y FIROBEHE L, BT & > TdKE T
DIFELAEZBES> TV, =3I 27)1F, HB6~9
mm, £ 160 cm 2% 5B VWILKEZ D OLE
HTHhY) (A 2014), EL)TEY b FAHEE
GBS T A, FA LRI TIIEZ FITE

5T, TOREIIKRE L eholz (AbilEE 2007).

AE (2014) X T4k, FEEE kS ] &L
TWBD, EL | ERETIEINATETAEE T AL
WL L, TR & LTl 72,

23 7Y AVEREIC L B REBEOHE EXVERY
e IRG e I2E ZQATAE DA E 30

RIWIZHoTH, WKHWIET LT 5 HREAH
TR THY, fEROKIEDTH %54 7
FLIVIZYDOEFIZHEL2EHEE L T025 ~
035ms", FEEIRE LTH2.0~4.0 mAENEN
IRENTWz (FRS 2012).

RIFZE CILTEEE W 2 LK L9 X% & 145 % itk
RHERTE WD, 73 VEHEEOTNTERE
THOTIE R, FRS (2012) AR L 72K AEY
WZHRE T & 7 B & ER B L0 Tk &
BT L7z, 203 YEBRFEORR, A BUY) TR0 H/ME
X, TS (2012) AVRLIZNAHEBL TV
JVDOEFICELZHEKRLD 05m/Av25m &
L7z, DES A IEE 2.5 ~4.0m IZ5E L,
2013 4F 2 HIZHARBRX TR D HLY) 2475 72,

24 AERX FHRE, }BRX, U7 7L > IR)
DEREE, BESSIUVYEZTEDHREE
2012 FF IR EE DO PAEX ] (A B ~IRELFD
#72.0 km [XIH) %3P 7 EFTORERIX % B%E L
7z (Fig. 1). 7% 3 vEERoORBXIE 73 L
K27 ¥ (Cicuta virosa L.) 7385 L, K IIEZE
T 5 HF LTI 0.5 m RiiTh -7z, RERIX T
(X 2013 4F 2 HIZ, AKEEDHRAFITIZ BT 2.5 ~ 4.0
mIBOFRHEATEL LI, 7 IV OFRE (Y 2—
NOB) EFHHC L D RE L R, BRI
HOWEE TR WEPTCBU 2 WEEL, BLO
RAEREY) & AR OZALE #5352 HIWT, Bk
X725 2.0 m LL g7z [/ —Wiii B Ai$ % 7 4
IUEHENICERE L (Fig. 2). MBXIZZ793 v
ERZEBUMES L, WEKIER L, ROECHEREL
RIS ol 612, 2013 4RI, AL X
THE QAN 38 59 2 ik, BRI kK
TPIAETCT 5 505 RT 572001) 77 L VA
X% 10 ik L7z (Fig. 1). UV 77 L > AIX13 45
m BREOTHEED ), WE IO HE L, N1 7

EDES LT

REEIX, WX, BX®) 77 LY ARDTRT
IZBWT05m X 1.0 m O L 72FE N E2 3D
MFICEHLE T, MBI HHIZ 40 ~10.0m O
B ETHEL (Fig. 2). KA B X OURAAEY
OFEILZ, HFRELTIIBVT, 05 x1.0m OES
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FEOFAHPN MY % & COMEE REY OB %
HEIZE D 2% 2 A THF L2, HEOE, 10 cm
FNARTY =27 SNTZARED 0.5 m X 1.0 m A&
KA AR L7z BB B L ORHEX T,
2012 4 (BRZALPRHETAE) ~ 2019 4F £ THA LT
)7 7L Y AXTIE20134E~20194FF THAE%E
Torz. REBXEY) 77 Ly ARORESHIE, 7
HIRDELALRBRENRIZ L ) —ETld o7z, 3
BRIX O FA IR A 39 ~ 66 #i T o> [ TZA1L
L, V77 LY AXOFA NI 82 ~ 100 H 5 D [H
TEAL L7z, WERXIEFRAHI R 34 #ipiTh - 72,
WAL E e LOKE RBE FREOES), it

H, B X OHE CREE) & ReE A & [AIIE e L7z,

TR RERIX &) 7 7 L AKX T 2019 4E F Tl

EL7Z. BT 7Y IavERE L2720,

73Dy a— b RFEOBENIHIERR % F A
L, KA A E2RHWTEREIL 7z K ERERE
WG CHlE L7z, Jsdi 35T (DENTAN TK
-105X B EEARASHE) (12X ) 20 0T

41| (Bibi river)

ELg
(Bibi bridge)

(Study site) !

e

141° 43" E
%
" 142° 46' E /

fEAEFLER L 72, IKEIZHHIZ LD Wentworth (1922)
DR L LR (¢ 116 mm KiiG) (1), # (¢
1/16 mm ~ 2 mm) (2), /% (¢ 12 mm ~ 4mm) (3),
HEE (¢ - 4mm Db) (4) [ZHBIL, ZORHRIE
R FRATICAER L7z

7 EFTORERX & 10 EFro) 77 Ly AROEN
TNOFAE LT, 2012 4F~ 2014 FF T, IESL
BT 5720, 20% B & U 80% I CHti® & &l L
7z, BRZt%, 2015 45~ 2019 FE Ot HlL, FERIX &
)77 LY AROETOHRERTKEANS 0.1 m D
S 02 m HIETHIRE TllE L7z (Fig. 2).
RIFZE CTUEKAAEY & SRR O BAIR % T % 720,
0.1 mEEOGE (FREHHE) LMKRICHR DTV E
FrcillsE L7z GURIE) L) 2 DD jitH
TR A B L7z, R iaE & R E I 2015 4 1L
B2l S - T, 2012 4E~ 2014 41X 20% &
80% KIEDT— ¥ M H_EFAE2 L LICHB L
HEEME % V72 (H T8 2002).

= 2012

S e

93 R ERT
(before removal treatment)

fae, 2013

BARRX RS (Clogged stream section)

IH9IVBRER

(after removal freatment)

% k43 (Utonaiko pond) ® SIBIX - 3 ® X

(experimental site « control site)

O Y77 LYAK (reference site)

Fig. 1

AR AL E B & OB RAT R OFEBRXIZ B 2 KH 0L, A RXHEIEH 2.0 km T 7 BATOHEX B X O X

E0EFTDY) 77y LY AR EEFNS (F). BREHEBRENITEEA 2 3 2 (Phalaris arundinacea) (2 X 1) BAZEL Tz (X
G R, BrZeBRfRIZ/ N1 A E (Ranunclus nipponicus) HSGBEPIIBL L 72 (HFE).

Fig. 1 Location of the study site and the change of stream width of experimental site. The study site was approximately 2.0 km long and
included 7 experimental sites, 7 control sites, and 10 reference sites (left). Before the removal treatment, the stream line was clogged by P.
arundinacea (above image, right), but after the removal treatment, R. nipponicus was present in the stream (below).
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3% (Phragmites australis)

AN (i~

vl

JKEEHE (Stream width)

MERME (Flow widih)

» ) ‘,7,_

[ FERERS
(Measurement depth
of current velocity)

' /\ Y3 (Phalaris arundinacea)
Frerrrfen

28

(Flowting mass)

o O | T
e (mud) NAHE (R r‘n'ppom"cus]
[o}

loOE g O O

0.5m

=20m  (sand)

*ERX (Control sites) HERX (Experimentalsites)

)7L AKX (Reference sites)
BrmE R (section diagram)

0.5m

O Feid il E & 0.5m
O :Measurement point of current velocity)

ﬁﬂﬁ.‘f—i :0.5x 1.0m
SERX (Experimentalsites) (Survey point :0.5x 1.0m)
1)77L 2 XK (Reference sites)

E@EE (diagram from top)

>20m
*THEX (Control sites)

Fig. 2 FiAHh o BEZE. SERXIIAKEE D 7 4 3 2 2 M50k 2 EPTICRoE L7z, X, SBXafgEo®s s 7 43
VEERICRGE L. ) 7 7 L ARIE S 3 Y EREEEBRUENSRE S B o 72 XIS EOE L 72,

Fig. 2 The outline of the transect. The experimental sites were set at the part of channel where the Pharalis arundinacea were partially
removed. The control sites were set at the dense P. arundinacea communities near by the experimental sites. The reference sites were set in
flows that were not clogged with P. arundinacea prior to the partial removal experiment.

2.5 KEWYD S0 L EZEEDREED R
HERIX, KX, V77 Ly ARKICBU B4 &
WA R L OBEMEZ I S 2T 5 72D IS IR #ETIG
431 (CCA : Canonical Correspondence Analysis) %

JH\ 72 (Ter Braak 1986, McCune and Mefford 1999).

FEAT 12 1% 2012 4F~ 2019 4F- O R IZFRBRIX, RFHRIX,
)77 Ly AR OL AT TS L7245 1043 H
HOTFT—% %l L7z fiAT— 5 S HBEE 5%
DEZoz 13 axtRe L, WHEHERIIKE £
R, WRGE, VR, EE (R oflE
AXRE Lz, REFTOFEREL EY7HraT
A b & THEAEOATEI & W3 & o475 I AH B
BIFRIZ v & W ) R IR 2 MREE 3 5 2 & THERR
L7z (EfEAALEATIRIE0Z 199 [B]). CCA DfFEHT

7 b X PC-ORD version 6 for Windows (MjM Software
Design) %l L 7-.

3.WER
31 793N ERVYZORERIEEFHRE
DZEAt

MY LB 73> olE2iTbieo 20

B CIIABRI R ST ML L e o 720 7
IV e BrE LRI OFEIEO gL, BREL

FIRTO 2012 4£13 0.0 m T, FRIVLEE A D 2013 4E
1235m e, AR L 225 2019 413 4.5
mZJER L7 (Fig.3a). )77 L v AXOFEKIE
O ILAEIE 2015 F T45 ~55m OB CTEH L,
2016 4FIZ—HF 5.5 m Zi#E 2, 2019 4F1252m &% o
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7. TR D 2013 F~ 2019 OV EL, HERIX
TIHBRFHLHEEL 04 m’s' 725 f:fr&&%m 12014
F£~2017HEFT057~065m s TEHL, 2018
2019 4F 13 07 m’ s RREEICHE ML 72, — T, )
77 LY AR TIE2013F1F1.04m’ s' & RH 0o

7275, 2014 4~ 2018 £ F T 0.85~09m’s" &1
I35 T, 2019 F120.72m’ s & T L7 (Fig.
3b). Vb2 S BFMEIC L ) HERX CitE AN
L7228, V77 Ly ARIZBIFA2RBEE oA
imEDOEALIE R o 7.

8 | 8 | o
< | - —
5 ; T3 '
T 6. T R | | E} O
a s T o = = = E}
S RS L I ey [ PR LT
£ HE-HT T L sl
InE i - -
g 2 A 2
ol ] 0
2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
o 1.2 1.2
R
b .o
™
< os |
£
||]||||-||-6 0.6
12 ¢ L
7 o 0.4
H—g 02 f
0

2012 2013 2014 2015 2016 2017 2018 2019

A E&X (Experimental sites)

Fig.3 ABX L) 77 L v AKIZ

B L iEE & I w 021t
IRER O K2 RS, ) 7 7 L v AXIE 2013 FELIEIC T —

2013 2014 2015 2016 2017 2018 2019

1)77L > XX (Reference sites)

FOVTBNE T 2 Sfe/ME, 85 1 DU, hofi, 56310

— ¥ R IR L7,

Fig. 3 Changes in median flow width and discharge of the experimental and reference sites. In the box and whisker plot, minimum, lower
quartile, median, upper quartile, and maximum values were inserted. The survey at the reference sites has been conducted since 2013.

3.2 HBREIE P OMIEZREFDOZEE

IKIEDOHYLELL, R IRIX Tl B2 3BT 0 2012
F£120.65m TH Y, 2019 £ F TOMIZ 0.50 ~ 0.85
m CEH L. ABXCldkialliui1.14m T
2015 2T T 119 m FTHIM L 72435, 2016 4ELL
Bl 1.0m % FEIYD, 2017 4~ 2019 £ D [H1Z 0.90
~096m THINIZEFLZ. V77 AXT
1 2013 4F ~ 2019 F DO HIER 4 1A L &A% 5 0.82
~1.07m TZH) L7z (Fig.4a).

xR IX O F Rl & R EIZ T E AL Om s
THRBIAM R 2L L o 72, BEIX o KB &
TRTEHIE, BRI X h Nl 72, BRI ok
JE RO R ILE L, BRISALBEERT 0.08 m s 725 7278,
BLERT% 0.19 5 028 m s™ (ZHEIN L 72, T PR IiE

FROLfiEIX, 2012 413 0.06 m s 72 5 72 ASILER A 2017
EFTIZ009H5 026ms" [ZHML, 2018 4 ~
2019 4ECT 021 225 0.3 ms 12 L7z, V77 L
VAR DOFRRBRRE &R RO RILEX, FhE
021 ~026ms’', 0.10~024ms"' T, 2013 F~
2019 FF DMK E S ML L o 7- (Fig.4b, ¢).

SRR, AERIX T 2016 4~ 2017 4F12—FF

BIWZBEIN L 7228, F1LlAkE 025 ~ 035 m TZH)
WM& Do 7 REERX TIIBREAIFEE O 2012 F 1

0.05m T o 727h%, MLEfZD 2013 412 0.02 m (23
AL, 2017 AELIREIL 2019 4RI — WML 72 2 & %
NI AL, U7 7Ly AXTIE, B

T3 & A EZALET, AR 001 m LT 72
7= (Fig. 4 d).
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TRDEE X, WX TIE 2012 F 1R D 94% 3.3 KWWY & BEMEMDEAL
TIRAEEL L, 2014 412 68% F T L 72472019 xf FE X CUd 2013 4~ 2015 4E £ T 3 4[] T
AL 94% IR o 72, WBRIX CTld, BRZEWLHEF O FEA 1 B AY 9% 20 5 26% & Rt 2 72hY, F 0k
2012 40, 27 54% THEEH L7z, Lo LERE0E 2016 4~ 2019 122 TR L7z, RERX Tk
BIIWAEL L, 2017 FLIFEIZIZ & A L OF AR R OO AR, 7HaT e R LY R
TRPWICBEhbo7z. 722016 FE 5/ ED B L), R HEORE B E R
TRAEEI L7z, V77 Ly AXTIE, ZEAED 7> (Fig. 5 a). #RERX TIX, 2012 FEDBFIALEHT L
LS CTHPEELTBY, 2016 2> 5 /NED ] MEPHAETEDLNTBY) KEIXIZEAE LD o7
PRASHEAN L 72 (Fig. 4 e). fli =L O IR D 2 T2 9556% TH D,
RNT R 7B D24% 2o 72 ki T 5 T

c 2 2 @
< 2
= g R e o - 7
o~ o T BN T + H H i - - H
*1 > = - i : N i : [ i A
- 0O -~ - E = EE : L i - H 1
a x° g 17 BT E5a=s = PR
O o E < : o= H T4 e S S S =
¥ = S 31 — - - L = 21 N ;. 4 = 4
~ O H . . 3
2 &4 = = = 3 8-
2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
’.T\-E 3 34 3 I —
é’ o 3 < < T P+ T L |
1 S IS} P oo H i T i
S 32o o« o D P A A
" (SIS R 31+ 3 : P
B o0 N E E . — H
2] v J
=99 : Efﬁﬁﬁ 7 5k :
mE s 51 5 s |
mu% P e P g g g. -~ = L 4 =2 N R s I e
2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
QP ¥ 9 9
2§ < < - -
c sz o] 31 T . T o7
— D= i 4 ; : i i
m o 88- 8 g' H : H
H = o ~ o i -
=5 e : E E ==
®E 51 51 EE 31 H50
|E~‘m = [ ST S e S —— QAE a [ s I IS I N N
2012 2013 2014 2015 2016 2017 2018 2019 ° 2012 2013 2014 2015 2016 2017 2018 2019 © 2013 2014 2015 2016 2017 2018 2019
wv
o = = 2
~ C wl ©
ES 3 : 2
d ST of ot 2
KE 3 s :
Mg
W3 s 3| 2
gE g 3 3
C o .
H_ 8 2 i - ] b4 —— i i i
s 2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
oo 8 8 8
=
52 - -
ﬂ = >8 8 8
c
ROGSs 3 3
€ ®3E. g e
e QO
i €8x ] S
O u-
OO - o
2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
I E(mud) [ ] #(sand) N (gravel)
BB X SHERX N
HFRR BMBK JIFLY AR
(Control sites) (Experimental sites)

(Reference sites)

Fig. 4 ®EX, X, BLO) 77 L Yy AKIZBIT 5 2012 ~ 2019 SEOIKIRE (a), FREGH (b), FIRIEHE (¢), T )., B

L OUKE () OMMILOZEAL, FEOTFRUE T 20 S 5/ME, 651 UL, e, 453 WOk O % =3, PR
EEOBRIFR TS TCoOMA N2 SHB L7

Fig. 4 Changes in water depth (a), surface current velocity (b), bottom current velocity (c), mud thickness (d), and predominate sediment

types (e) in the control and experimental sites (from 2012 to 2019) and the reference sites (from 2013 to 2019). In the box and whisker plot,

minimum, lower quartile, median, upper quartile, and maximum values were inserted. The mean mud thickness and percentage of sediments

were calculated using the data of all points.
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FENIZBTH 79% O IR A #2058 - 7278, %
DFHEINA 1 EREOBINIAE > THRHA L, 2019 4F
212 18% & %2 o7z,
HEEXo7ay, FrE), RO F T vy
75 > (Nasturtium officinale R. Br.), B X ONZ il
DAY & {BAR I 2013 4~ 2016 41220 T
WAL, 2017 SEDAREIETH R L7z, LAKAEY T %
I3 ) ENA B ED2HEOFIGWE O EFIX
2013 4F 12 13%, 2014 412 21%, B L 172015 412
24% & HEFERGICIEIN L, 2019 4F 12134 81% & 72 o
72, 84 F B OGP T BLE £ D 2013 4E13 1.2%
T, 24RO 2014 128 13% FCHEINL, 2018 4F
DIBE I RTEE DR 25% 20 5 T1% F TR L,
IKEEN D KERTNA HEDMEE L7z, =3I 2)
OFIGPERE S IBE £ D 2013 4E 1 12%, 2015 4E1%
#13% 725 7278, 2016 4F~ 2018 4E134 8.7% 70 5
F132% ~NEJEA L, 2019128 11% & e b7 &,
10% Hif2 THERE L 72 (Fig.5b).

)7 7 Ly AT, KR &IRERY) O
WPEEIL 2016 £ F TS5~ 9% 72 o 72748, 2017 L4

100 7] d 100

80 .-

o]
(=]

o
o
T

60

EHHE (%)
Mean coverage

IS
o
T

40

o 5

Bl 2% R 72 o 72, KEO S 5, N4 hEk
IV 7 ) OFIREOEGEHMEIX 2017 £ F Tld 31
~ 41% THERE L7275, 2018 ELLREBAIIL, 2019 4E
W2 73% 2% o 72, NA 7 EOFIGHWEE L, 2013
05 2016 4E F THI24% ~ 32% O CTHER L,
2018 4F LIFERTAE DK 34% 205 68% F TR & B
L7z, =V 37 OVIHEER, 2018 4£12— kY
0.8% F THA L7245 2013 £~ 2019 4E T TH 5%
~ 8.5% O THR L7z (Fig.5¢).

34 KEREYORHE, VEBEETE L ORBR
EREFOMEXOWHR B L OHE L YHLE L
DR %E CCAT AT 7 I 012X 0mRL7 (Fig
6). CCA @ 3 #l o [F A fi5 1%, 0.728, 0.046, 0.030
T, TNENESTED 10.8%, 0.7%, 0.5% % i
L7z (&K T 12%). pfEIX5 —IE## T 0.005 &
HRfEE R, BEPHEREAEOMMBITHE
BCThHAZEPREN. hBE2HEEEI#HD
interset correlations (£55 2 #li5% 0.291, %5 3 #li7A% 0.260
Thotz. B2HIIKEEOHBEPROSNTHE 3
A S E oYL E & SHBEP RN R o727

b 100 | C
80 |
6 |
o

20

2012 2013 2014 2015 2016 2017 2018 2019
SYER[X (Control sites)

. INAHE(R. nipponicus)

TYIHY(S. emersum)

ﬂ]]] FSFHZU(Nofficinale ) D ZDith (others)

0
2012 2013 2014 2015 2016 2017 2018 2019
SER[X (Experimental sites)
2Y3A(P arundinacea)

2013 2014 2015 2016 2017 2018 2019

') D7 L > X [X(Reference sites)

R2E1)(C. virosa)

Fig. 5 MWK (a), REX b) BIF) 77 LU AK (¢) @ SAEMDOTIGHE (%), WEOHSRIIETORESIZBLT
HIEERD I N4 HE, BLXOZ I 7 VIEMKEY, 293y, F7¥), BXOF T 0887 3k, o

EIES YNk RalnZa ¥ LY/

Fig. 5 Mean coverage (%) at all points of aquatic macrophyte communities over 8 years at the points of the control sites (a), experimental
sites (b), and reference sites (c). The percentage was calculated as the average of the coverage data at all points. Ranunclus nipponicus
and Sparganium emersum are submerged macrophytes, Phalaris arundinacea, and Cicuta virosa, Nasturtium officinale, were emerged
macrophytes, others were emerged macrophytes and helophytes.
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H RO FEG H/INIT S
O, THEFE 2 MOMRERMAL. F1EheH2
h T (137J<T MTHBHINATTED \?ﬁ TEE
B L OKEIIH L TIEOHBE»H D, PRI |2
ﬂtf%ﬁwﬁ@ﬁ%#%ot(mgﬁw.iys

7)) OGAIKEE EOHERH 72, 7Fa v
K7€) O5fidwind REgmds X OKE LA
OMERH Y, T F27 (Lemna minor L.) & 3
> (Phragmites australis (Cav.) Trin. ex Steud.) D47
AL RER & IEOFED S - 72,

CCA @ 2 il IO FRA X DR 5347 (& 6] — ) B o
JEREZ & &2, M, WERIX, X 77 L
Y AXDREEIATT T, ZNENHEFRNITIR L
72 (Fig.6b, ¢, d).

R IX ORI, REREBIOKEEAD
HED DY), REREEOMBEDNH 72, £72, 24
b OREEOALEIL 2012 4~ 2019 4F T T O 4

BB 7Y I VEHREIZ L B LKW ETTORGE

W7V —TPBE o, P SRR ENCS Y,
KEDPKE L, REDNS TN —TEE—H D5
RN A L, A SIS & ) AKEDVNE <
REPKE R 7V — T2 L ) AEN554 L 72 (Fig.
6b). IV — 7L LI FHERBIRHEIL 001 ms!
o7z AR, EEMO 7V — T35 0 7
W= TN 3 2 OFIEREEDS 10% FEE K X
{, TR IV (Polygonum thunbergii (Sieb. et
Zucc.) H. Gross ex Nakai) O35 FEAHY 5% F£ B/
Sk, O V—T L) 7% ERT 5
DS BTz DS, Z DA ORE R P 0 722 52
EKREL Do/, TOXHIZCCA DL 2
DD TV — T OEFNIF HEIX N O Fi g & Bl o7
HERBEODOTNREVORMTH > 72720, 3R
XX 77 Ly AR EES HBI21E, mEzHis
L 7-BEVE L BB OfiE 2 b HRIX OfiE & L CTHW 2.

) = N S ~
WHZALL o7z, WX, B—#WbET2o0 AER X OREFE TN D LY 7/ D 2012 41T A &
a 1 Axis 2 b 1) Axis 2
¢ XX
A5 B HFUN. officinal 0.8 "
0g |FFHFATHN.officnate (Control sites)
KR 046 06
EEIE (water depth) o4 I/ NTF % (V. americana) 04
(surfacecurrentvelocity) IVIHV(S|emrsum)
y 029, R4€1(C. virosa) 0.2
. | =9)(S.erect & .
AXis 1 | INAHE(R. nipponici: 3 (Serectum) %3P, arundinacea) AXis 1
-1 58 06  04¥ 02 ¢ M 06 08 -1 08 0.6 04 -02 0.8 1
’ 02 o 29D HL i 02
(sedimentlank) iﬁ':;é.ﬁ R ! ( .‘mmor) @
-0.4 (mud thickness) AY(P. australis) 0.4
ARE R ISR dlstm(rus)j /(P thunbrgi 0.6
(bottom currentvelocity)
08 08
-1 @ 7AIFIY(L aoukikusa) 4
X2012 02013 02014 42015 B2016 ®2017 42018 ®2019
1 AXis 2 _. 1 .
c HBx d AXis 2 JI7LYRR
0.8 . . 0.8 .
(Experimentalsites) (Referencesites)
0.6

X2012 D2013 02014 42015 @2016 ©2017 42018 2019

Fig. 6 ffik7— % LYHZLE
FAAEIED, ¢, dIZRL7.

XD CCA. FEEEREAEITaIS

08 1

-0.6

-0.8

02013 02014 A2015 ®B2016 @2017 42018 2019

. 2012~2019 FFOXF X, RERIX, BIP) 77 Ly AKOD

Fig. 6 CCA ordination diagram of the communities of survey points and species with physical variables. Species arrangement and physical
variables were shown in a, and communities of survey points in control sites, experimental sites, and reference sites from 2012 to 2019 were

shown in b, ¢, d.
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iR 3

DEMNCALE L, EREiEs L ORE & A0S
HY, RELEOHENH -7 (Fig.6¢). L2L
A0 HCY 20 2013 SFLARREIXIZ & A EDOFA O/
HEDHRS LD EAICREIL, SHI22019FF TS
O OREEDGAFHIIZE D S L d o7z,
LD HUY #2013 AELLREDOREE 504 1, 28 itk
BLOKE L IEOMBEEZRL, RELBOME LR
L7.

)77 Ly AXOEEEIX 2013 45~ 2019 4£ F Tl
WL HEEOMEEZRL TS (Fig. 6d). #f
O—FRILF T L D HENHAG L72A, RFEOREREIX
A& L, RBREE X OEY & EOMBEZ R
L, BIRLADOHBEEZRL. )77 Ly AXOH
HONE b AWM A2 L Z2h o7z,

4. BE
41 7932 OFHAHIBREICK D REAIICH
T 5EEDZEIE

733 T OEFSTIRI X B LAY o [E R R
WZDOWTHGET 5.

RERX DN A F L 2013 SEICHHEE L, 2016
FNZ) 77 L AR ERBEICE ML, DR
V77V AR EFLELZRT L) I/
"o, %ﬂ%%4$fﬁ%ﬁ@ﬁtt&%i%ﬂ
. TV 7 ) ITBRFAEEED 2013 FF121E 12%
MEWL,%G&ﬁ§<£@¢é;ti&<,mw
3% I L7722 & ZBRITIZ20194EF T8 ~
13% O THR L. V7 7Ly ARIZBIT LR
i O B FE 1 2018 4FE D 0.8% & B & 2013 4F ~ 2019
NPT THI 5% ~ 8% TEBL TWBH I Enb,
IVIZNIEZH IOV BERLSY) 77 L

YAX LRI E THENMEITT L2 LR SN,

RERX O TR O P I fElL, BRELFEEE (2013
) D 3.5m M5 7ER (2019 4F) |
7Y I TORACLDRBEOFMAEIIALN LD 5
72 (Fig.3 a).

DiEXY, 74932 0fmkkadsid, Wk 4 45
TNAAEBLOTY I 7)) ST 2 LKA

w77 L AR ERBEICETHEITL, 2512,

Dl b TEMIZZ YT OBKIT L L HHEDN
R OhaMholzl b, KNEWEER 2 157T Lk

Z DOREHE,

IZ45mIiZHEkL,

BTk L TR 072 LT E 5.

42 79IV OEMARIBREICKL DI RBAIICS

T 3MBEEEDZEIL

X TIThN 793 L ORI LY,
AABRIX DOFRIE A B L OWIRTEE T L, JelZR
DL, WROEE IR SIZEIL L, KEIZH 0.2
miEA L7z, HRBRXTIEINS OWHSEEIEE A
EBAL Loz, TORENS, 7T O
IR R PAZEIX ORI GM22 S8, HERIXIZ

B2 &MWL ELY) 77 L v ARIZEDIT 2L
s s (Fig.4a~e). FT72, mkRclcLo
TYHRERDH L, REHA L EKEITFHFITKEL
24t L (Fig.4b, e, Fig.6¢), —FT, {MIRIHHESR
¥wﬁﬁi3~4$%KWWLt_k#%<mg4q
d), WMEIHLCRIST 2L R, ZiceR
B D57 5 W H A B OFEDH S 2l - 72,
TR OB & BE 9 % 4 A WIS T OB IR E %
M <34 (Butcher 1933, AJH 1956, Dawson 1978,
1989, H11l1 1989, Pedersen et al. 2004). DI
W& D, HERX OWIRICHERE L 7R3 R L, K'Y
IWR/NEOEIE ML EZONL. T2,
MAEOMME & IR b AL (Fig.3a), 2
NHOEALITEVIKEIZH 02 m kA L 72 (Fig. 4
a). DLEpDs, MENOEOZLIZMoY L&
(RIRLEE) 22 b3 LR INS.

43 PEZEDTL EKERH DI

793 Y RFEBROWHEROEAD 7 IO
il & PR OYEINC G- 2 725 A 5T 5.
ABRIXIL, 73 BB (2012 4F) X7
I R EL L (Fig. 5c¢). CCA O
BT, 79I E R YY) IIRBRES L OEY
EHADMENH -7z (Fig. 6 a). KX & it 4
I EAERL, REORHRILIZRSHB L7, L
T O ABRIX b FH B E O R JLfE 1L 0.08 m s

NS, ERBIZROBE ST B WIRAY 54% 72072
(Fig. 4 b, e) ZhuE, I dmEs NS R
OMRET LEINC M T HEARH DL E ) T b

|y TZ)EEE?&H: (Grinberga 2011) % SZ¥¢9
AR L ol BREMEEZO 2013 F£LIREIE, &
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JBFEDO R YMEA0.18 m s LLETEB L, EKED
ROBEE T 2K S OE ST 5 IR~NZL L
7z (Fig. 4 b, e). RBRIX TIXMKOPAHLL 72
72O 73 T OBMASEIHE] S 4, 2017 FAZIEHE
RL7-EHREINS. ~ﬁ,aAf%EﬁﬁB;
WEHE & IEOMEAYR ENT2N A HE (Fig.6a) |
KB HE OB & 1B K O/ R @ﬁm<Eg4
b, e IZHEWBEZHMS &7z (Fig.5b, ¢). &
JETLHDOIENNAE D N4 B BB E ORI, /N1 7
EDVEHDO R E ZERTICNEIS L T 5 &) ENO
MmN 317 2 BEAE SRS ORF - BIJF 1998, BRIL
2006, JLE D 2008) LT AAER L Lo T
V7)) OBEEEIL CCA TIEDHBIAR S 72K iR
DEALE BLAIS L TWAD . KEIZ20154EF T 1.11
~1.17m T, 2016 N HHE AT L, 2017 4ELL
%12 0.90 ~ 096 m TEBHL7- (Fig. 4a). AEEX
EVT T L YAROIY I 7)) OWED 2015 4F F
T DD T Hr o 7205, 2019 EDOPEEE L 2015 4
DN B 3% R LT b (Fig.5b, ¢).
IKEEPINZ BT 2 KA OB 2 0 HERE LD O i i
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RENT=DS, NA T EOFHEE IHER S N b o
72 (AL [ BB 7843 2018).
PENS, 729320l
A REESELZ LT,

—E DL
?Tﬁ@‘{ﬁ'ﬁ%‘(m% S, KE
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IV TELBEHIZOWTEET L. E2
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RAREEL o 72K OB SHEM L) Y iEE S
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(Katagiri et al. 2011). AWFETILZ ¥ 3 2 OEBHHY
2ol X o THEIN L 723 AST R D6 % PEik L 7272
B, 7 I OBBEESPHHE SN EHES NS,
L72h o T, G119 FED L9 —FlNRY) YA
MOLAELETIVUE, 753 2 OBEZEIFRE
THUEEEDL D 5.

4.4 FLKEMETEEHBE L ZEB2E9X R
WICK BANBEEFE

T2 JINIVRIE O 2 Y5 & 3 B RFEBIC LD
BRELLTYWD (A5 2010). 793 TidEmn
KEFAMIC L o CEFIZX L, HKZHESE
7272 O 3 A LT 72 P AR B 3% A8 L
72 NI $ 5 JE B 2 H A © O S FEE AT
%, REFEFEOHIRDE L OB D B35 OHEH
B, FEsrEEs L ONFLLIRE ORI R (R
H 2001, A7 R3E - SERBGSAAR 7T Y o
7%&%%~Amm)ﬁ%%f%%ﬁ E 4 JNIT
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%ﬁé:tﬁﬁbﬁottb,ﬁﬁay@f=
KR DIFTC % 72,

IKEEN DOREWY) % B 2: 5 A 8EFEMN 2 T LTH
WHNDERERIE BHEAFZEETE LN
(Pearce 1965, Hogson 1968, Comes 1971, Adams
and Galatowitsch 2006, Thomsen et al. 2012), Fit®D
KAEFY ORI EE L KT (Bl 2006, &
2007). FAJITIE, FRAEXEO TR S KA
FEEDS AT 5320, TRERIE 2 % L 2 25 5 8571
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Verification that Phalaris arundinacea L. removal restores submerged aquatic macrophytes in
a small river of cool-temperate Japan

Y oshifumi Sakurai]’z, Kazuo Yabel, Koji Katagirig, Akio ShiinoI

'Graduate School of Design, Sapporo City University, > Docon Co.,Ltd.,

* Organization for the Advancement of Education and Global Learning, Tokyo University of Agriculture and Technology

Abstract: Owing to high nutrient load in the Bibi River, Phalaris arundinacea shoots overgrew and clogged the stream
by forming floating masses, resulting in the decline of submerged macrophytes. To restore submerged macrophytes such
as Ranunculus nipponicus and Sparganium emersum, we partially removed the floating masses of P. arundinacea by
adjusting the stream width to where the submerged macrophytes remained. Immediately after the partial removal of P.
arundinacea, velocity of the stream increased whereas mud depth decreased and the bottom sediment became coarser
in the riverbed. However, water depth decreased 4 years after the partial removal of P. arundinacea. Furthermore,
coverage of R. nipponicus increased every year after the partial removal of P. arundinacea, whereas coverage of
S. emersum increased the year after the partial removal of P. arundinacea but remained nearly stable for the next 6
years. By contrast, after the partial removal of P. arundinacea, the coverage of emerged macrophytes P. arundinacea
and Cicuta virosa continued to decrease, and they disappeared by the fifth year. Canonical correspondence analysis
revealed that the coverage of R. nipponicus positively correlated with the increase in surface velocity and coarsening
of the bottom sediment, but negatively correlated with mud depth. The coverage of P. arundinacea and Cicuta virosa
negatively correlated with surface velocity and coarsening of the bottom sediment, whereas the cover of S. emersum
positively correlated with water depth. Accordingly, changes in aquatic macrophytes would be the result of changes in
physical environments following partial removal. The partial removal of P. arundinacea is considered to be an effective

countermeasure because it suppressed the growth of P. arundinacea in the stream for at least 7 years.

Key words: current velocity, Phalaris arundinacea, Ranunculus nipponicus, Sparganium emersum, canonical

correspondence analysis
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