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Basic study for designing rivers and lakes for the purpose of conservation and
restoration of aquatic macrophyte communities in the cool-temperate zone
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Abstract

Introduction

In Japan, nature/ecological restoration aimed at restoring ecosystem services and biodiversity
began in the early 2000s. In recent years, there has been an increase in the landscape designs that
incorporate biodiversity. Such ecological restoration and landscape designs require robust
planning based on scientific knowledge. This study aimed at (1) identifying the environmental
variables that change aquatic macrophyte communities, (2) verifying the effect of restoration in
flowing water area, and (3) proposing effective management methods for nature restoration. The
study was conducted in the Bibi River and Utonai-ko Pond located Chitose City and Tomakomai

City, Hokkaido, Japan.

Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009

The changes in the aquatic macrophyte communities were investigated over a period of 25-year
in Utonai-ko, and the important factors that affected the changes were determined using
canonical correspondence analysis (CCA) of 21 measured hydrochemical variables. Thereafter,
the corresponding changes in the 25-year fluctuation trends in the communities and measured
variables were examined. The most prominent changes included a decline in the Hippuris
community and an increase in the Vallisneria and Myriophyllum communities. CCA revealed that
significant wave height (SWH) was the leading variable, followed by water depth (WD), total
nitrogen (T-N), dissolved oxygen (DO), pH, CI, transparency, mud thickness, and suspended solids
(SS). The Hippuris community was positively correlated with T-N and CI" and negatively
correlated with SWH, WD, DO, and pH. All these variables were similarly correlated with the
Vallisneria and Myriophyllum communities, but in the reverse direction. During 25-year, WD and
TN increased, whereas SWH and Cl- decreased. Based on correlations of communities and
variables and the 25-year trends, the vital factors were WD and CI". As the concentration of C1-
was low (<100 mg L"), the change in aquatic macrophyte communities likely resulted from an

increase in water depth.



Verification that Phalaris arundinacea removal restores submerged macrophytes in a small
river

To restore submerged macrophytes such as Ranunclus nipponicus and Sparganium emersum, we
partially removed the floating masses of P. arundinacea by adjusting the flow width in areas
where the submerged macrophytes were distributed. Immediately after the removal of P
arundinacea, the current velocity increased, mud depth decreased, and sediment became coarser.
However, WD decreased four years after the management action was performed. Furthermore,
the coverage of R. nipponicus increased every year after management, whereas that of S. emersum
increased the year after management but remained nearly stable for the next six years. In contrast,
the coverage of emerged macrophytes continued to decrease, and they disappeared by the fifth
year. CCA revealed that R. nipponicus was positively correlated with an increase in surface
velocity and coarsening of the bottom sediment but negatively correlated with mud depth. P
arundinacea was negatively correlated with surface velocity and bottom sediment, whereas S.
emersum was positively correlated with WD. Accordingly, changes in macrophytes may result
from changes in the physical environment post management. The partial removal of P
arundinacea is considered an effective countermeasure because it suppresses the growth of P,

arundinacea in the stream for at least seven years.

Management for natural restoration in lakes and rivers with aquatic macrophytes

Changes in the water level that affected the macrophyte communities in Utonai-ko were
analyzed, and the present community distribution was evaluated. Consequently, the present water
level is close to that of the 1960s and 1970s, which is the goal of natural restoration. Therefore,
the present distribution of macrophyte communities is consistent with the goal of natural
restoration. Our findings identified the community distribution that was aimed by ecological
restoration and clarified that the maintenance of the water level are effective for management in
the study sites. In the Bibi River, the design conditions of the flow that suppress P. arundinacea
and restore and maintain submerged macrophytes were clarified by field survey and analysis.
Regression analysis was performed with the mean flow velocity as the response variable.
Consequently, it was confirmed that the average current velocity could be manipulated by

adjusting the flow width.



Conclusions

Important information for the natural restoration of the Bibi River was obtained through scientific
surveys and analyses centered on ecology and hydrology. The results of this study will contribute
to the efficient implementation of natural restoration by reducing the uncertainty of predictions
through in-depth scientific research and analysis. In Utonai-ko, the goal of nature restoration was
clarified, and effective management was established. The effectiveness of the management of the
Bibi River was confirmed, and important design conditions for flow design were clarified. In
macrophyte communities that are closely related to water quality, it has also been confirmed that
it is possible to control constituent species and growth conditions by manipulating physical
variables, which is excellent in terms of sustainability. The knowledge and technology obtained

from this research are useful for the natural restoration of water areas.
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ZRI LT,

B3 ETIE, WAKIRTH DA BTSN T, B LoFRN 7R ) RED ERT
ol Z EPBHEREIC L VMR STV, ZIRDIRIR & 72 o o /KB O 722 o7 N
Thotoiod, MO & AR AR LOWMERFZ B L LT, SN0 B 2975 C
THA IS, JEE O EZE 2 DRIV E R REL Ei L, £ OMRERGEE LT,

FAETIE, B THL Y M A MERIGIC, 5 2 BICBW TR SN2 bORIR & 72
STRMZAL SR L . BN 23 M2 & & BICRIRE T DA MOE ik LU
MERFO BB PIA R & FIEZROE Lo, F7o, WAKTH 5F 4 )1 LA IR, H3ET
R MRE LT BETE T H DX 0 B Y 2 WS 21T 0 BRORREH S 2 B 6 79>
I L7z,

5 E T, 2~4 BORERAE 5 F 2, EHON)IF X ORI AT D KA & 5
BlOE LI L OMER 2 BN &2 BTS2 C B 2 A 7E DR A7 L7z,

IRBABFEIC I D KA OFEA & ARTETEIE. A% (2014) ITE-T,
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F2E RELERN 1984 D 2009 FITHAROKEMYBEE DRI RIE LI E

2-1 Fil
IKAEREDREIE D AT < DEREEAREIC K W EEE 51T 5, KOWEREHETH DKIE. KL

2k, BEE, F L OVREWE & (SS) 13/KAEME D3 A 528 % K IF T~ (Havens 2003, Feldmann
and Nages 2007, Maltchik et al. 2007, Moore et al. 2001, Yu et al. 2013), EZFD/KAO_EFIZL D Y
=7 /) & 7 (Stuckenia pectinateL.) & Chara tomentosa L.2MNE/> Uiz $45738% % (Blindow 1992) ,
VO ORI 31T 2 KOLOAR R 13K AR OFEE A HE N S (Mltchik et al. 2007) . KALANE
W2 DI L TN AR OFEE AN DMK T L7 ARICI3EHE A3 A H 4172 (Havens et al.
2004) , ARACEENESKEZ VN E | AR OKMAR NSO & TN L7z (Mjelde et al.
2013), BFAE DI FIE, YH3F (Potamogeton malaianns Miq.) & %% 7 79 (Myriophllum
spicatum L.) Z> S5 (REF « KA 2009), 58V NELRIL. Vallisneria spiralis L.OAA R %
FHES 2% (Ellawala2013), i) OJERE DA @V E . KA OFEEDE 2. KA
BEEDSARMEDHNNT % (Pedersen and Riis 1999), /KOS F7o, KAREYIEEE OFEAERL
(TR RITT, FERERROZIE, IR T0, BREE, BRUREE (EC : electrical conductivity) |
BROT DY EORELBERL TS (B 1991), U o ROEREORES DR 255X
FHEDIRTRLTZ 7 b SN L AKAREIRER OB E S 2 S8 2 (Dobson etal. 2000,
Takamuraetal. 2003), 4474 (Elodeanuttallii (Planch.) St.John), R¥¥/ 7HE, Fi-
ARYED 7 3 > (Phalaris arundinacea L.) ZE5FFEIZ X 2 B4 HEBRIZ/K AR OFED &
B IBEO SRR X85 (B D 2002, Aliand Soltan 2006, Katagiri et al. 2011), S 5
17, B MO A BT K AR O A A~ A% S8 % (Donk and Otte 1996),, 754 % /
THEBNHT 4 BORY 7 = ) —/VEITBEOARZIET S (PS5 1998), LLENG, 7
BEORIG L 72 5 KU D KA OB % RIF T FE R AR ERET 51280
SHOEEHE AT HMENH S (Katagiri et al. 2011) ,

BT BRANEEES O BINZASBI LR EOEEIOMHT (Jensen2000) . H7g H4ERm %2
HE (Partanen et al. 2009) . AN LHZET—4% (WS 2014) . WIEOHEREY) H OLA ORLAK

(Kowalewski et al 2013) , 21 “EIZo7- Difkigeahids (B, B2 TR 1 FRE5ET 2004) 2 LD
TSN TE T, LonL, ZHHOBEIL, KA OZLOIRR 2K, ERE, L%
FIRERER S (C0D) EDORLNIEETHE L CnD, b L, BUEOKANMBEEDZE &



HTE D VAT LB NTRAUL, WBEITHA L TR Al £ D F R B R ORI K
WHEETE % (Takamura et al. 2003), 7o T, HKEKBUZ 1T 2 K AREEE D KA D22
TLIZBET 5V AT D aHRT B 720120, KAERWRREORTHAE & . BREO A A%
MIET F R R ARES 2 2 L DRI OB A BN ETH D,

b AARDIHIALIET 2 7 b AN T, 1984 4F~2003 FEIZ K AAREIIE S 0D 22 RS
IRYZE AN 3 [RlRtER STz (BBt 1987, AbifEE 2004, 2010), FEARKAL, AKREICFRDZE
BN Z OB ke L il S hu7s (ki 1969~2010),

KRBT, BN, U ST A WERRITRR DFEROMARET — 4 % O ORI
ZREAERIC L0 XAy L, BEE DA/ Z — D 25 AERI DAL 2R SN Uiz, RIS, SE/7ekE
Wi & 2 B QBB RO RINFIE 21TV, BIED K AREIREE O3 Bt & 2 T35
RBRBAERAREE LT, TIDORERE 1984 FLIREKGEI I S C & L BREEA &2 o
L. U M AR\ CRBIB K AR D32 b A b Te b LT FERE R A RIE LT,
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2-2 FREHE

2-2-1 XSk

U A Gk 427 42 Gy IR 141° 42 Zr. £ 3m) (XBEHAEEF O, KREEEDD
8 kmlZfiE S5 (K 2-3), v Aok, b, mEs BLOMlEE»bRD =
LT 5, JEAPRIZH 9.5 km, HAEIT 2. 43 kn® T D, 7 kA WAL & ED T 1991
ST LY=L GMC 1T 5 TEBRRICEZRnH ) (CREE Sz (BREEA 2015), gk
13 1739 AEDOMERTILIOWELKIT K 2 [ TR A IR 28 > THERF L T\ % (1L 5 1963, i
5 1995, BAIIIG 2013), U NS AADIERILE D% < 23& NA % Job & 24T, £
O FEICIHEAR T HNCHERE LD ([E HEERE 2003) , HRHUIIZISIT 5 1981 4505 2010
EFE COFRPRIRIL 7. 6°C, FHEMBEAKREIL 1198mm TED 79 %X 3 AbD 11 AIZFisE
NTW5 (REYT 2010), 7 AR CTHAEY X ) 79, B a3 UE (Vallisneria asiatica
Miki) DK AR O AR D722 5 A~11 A OFEPKIRIF 15.8°CTH 2 (LifpE  2007),

7 N FANCIEK 23 1R EBY . Fx)IE ZOOMIBTHAT S, WIE FEED FZH
D FERAHEREM O H) OFEEmOIAEIX0.6~1. 1 m THDH (ILHEE 2011, WINIZ, EI~E2
& D3~D4 ABEEET Do Y 7 L DARW, ZAUTER B REZWFEANITd 534 IO AN
T A TOWMBIALE L T Db Th D, TEICHT=2 E2 DBHTH Y | IRl C2 & D2
RPHET, EEITZENTN 0.9 n~1. 1 mBL0.7 m~0.8 m &7g>TW5,

T AT KA, ALVE IR E S A7 BHAIFTIC 38U T 1969 4FLAREGeBLI M Thhil T &
7oo AKOLIED NFAWFREBO Y 2 — by MZXY 1962400 2.3 m A5 1976 4E0D 1.6 m 1T
FCERTL (AWfEE 2007) 2O 1977 0 HITMKEOEE) & X EIHRICHR 2 12 ER L=,
7 N AOREE BRI E LT, MNOKAME B SED720, £x)INCRSTREOFEL)%E
U NI AN SE DU AN 1997 FETATOIL, & HIT 1998 SR ERZ AR E L7
HEAN FHiiH AT SR E S A7, KOEIE 1999 4EA5 2.0 m ICHERES T & 72 (EHHIBRpE
2003).,

2 JIFEEUTH 5 2NT 2005 ARG M OB A 5 17 CE 7 (LEE 1984~2010),
Fx NI 2 AHEERE S R (L2 3 T HUR O R0 B D T < | JRBTH OB K T ©
13.36 mg L' Thotznd, FHE TSR D OFAKIC L W iR2 ICHIREI, 7 R ik
ABRFZIE 2.3 mg LUZE TR F LT 5,
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2-2-2 MEOFEERLERELE

IKAEREREE ORERAAE, 1984 ARITHURIZ L0 81 Ml (PR 1987), 1994 A3 biEEIC K
v 25 HiS (EfEE 2010), 2003 AHIFARMREIC L0 136 Husdl (Wil 2004) TR STz,

IRAREMRER S8 % AT T AR B A RET 2 72912 AWFSE Tl 1984 FEFRARF O IE & 1 3%F
JE& U720 135 Hisll 238U VT, 2009 48 9 JITHER & AU IR B2 did L7c, ZAUTInZ
T AT ERE L AXTERE A RGUT 40 HSIZIU T, 2010 4E 9 H & 2013 4F 9 A 1A
ZiELT,

FEAHRIE, 10 em L TREIHNZ 1 mX 1 m OHTERPICHET A2 TORMOWEZE 5 %
N CREER LTz, TLAKNEM ORREE 2 KRS CIIET 2 L [FIRRC, JKIR (WD), KR (WD), Tk

T) . BRER L O & FEOFHE (CW, CVB) A /kiEEt, FR. MR, BELEER L O
WEE (Dentan TK’ —105x) (ZK VHBIE Lz, TN COWREREET — #1345 FHA ML C 3 [IEHA
L. “FfE gt o Lz,

WIKALIE, 1969 4FEM D 2010 4% CBUH S 472 RIS 260 L, KA DA RHIF T
B2 3 AN 11 AETOHARMPRIEZ R LT, BAHEREW ) 572 5 AR S O E O
B, 1984 FEITBLIIATIZ A1) 2 RO KRMAE RO TR (1987) 12 K HAEAFIA Y H OKEZ
W TH &z, 1995 EOKFET, WIERImOMR & JEROBIEN Z KOS O B 5
U TRDI=, 2003 FEDOKES £z, FEFEITHIE SIVZIEROT — 2 D BEHE L7z, 2009 40
KR L JRTRIT, BUHIFRA COREMZ & & RAHER O P IED DR LT,

KB T ME, B ROKZE20 em T 2000 mL DR VI 2 AT 2Bk L, 3 <ITH-E
Ry 7 AW L T ACLL PR TR THOMTRICEMR L 72, %R (T-N) (3~vAsy
iR U 7 DASTREEAI RS (BHEUV-160A) . &2V > (T-P) 13~ILA3% Y “filieh U
DRI (B UV-160A) . FEERMA AL ThHI VT T AL F Y (Ca)), 71
ThAF Mg). TR TAAFY (Na) BROB I vLALA K) 1 FFRL0E

(HNLZ-5010), 7 E=7REZHR (NHAN) (3. EEREA > F7 =/ —/WE (HYL1V-2810)
ToHHT LT, Bt A2 THLHMIRA A2 (S07), HAkA A (C1). fiflkhEZER (NO,N) | i
EAREZESE (NO,N) X, A 4> 27 u~ hJTF 7 ¢ — (Dionex 1C25) THHT L7z, 7/ VI
HUERTIEEZ & 5087 C OB FREY v (POP) I Y 77 U HWROIE L TRAFER SRR E (DO)
XYy T—1E, BREWERE (SS) X TF AT s ANRN—T g F—1E (¢=1.0um) . BRI

A (BC) &/KIE (WD) 13 FHa s CBC A—4 — (B DKK HM-21P) . pHIZ pH A —#— (K

12



ffi DKK HM-21P) CrHHIL 7=,

TR 72 K EZA L OME R 2402 5 72 9| 1984 AR LAREIRREAOI T SV TV B2 %255 (T-N) |
HALA A (Clo) | PRl E R (SS). pH ROVATFIESRIEE (D0) Z&TetER] 3~4 [alDE=
2 U r7—4 (Lififé 1984~2010) 2R L, 5 FEHOBENEHEZ R L,

WK OELRTREE DRFELA 2 R T 2 7o DI RKIEUH O A & (SWH : significant wave
height) ZBH L7z, AFME SWH) 137 4L >0 (1965) kYR, 4 A 10 A
F COTRJERF R\ R 3 NEERGBIIET OB R (2010) 2>SHhH L, MOERRRES)F
DA R O 2 T LT,

2-2-3 HEEHEAT

HIOIZ, 1984 4ED> 5 2009 4F F TD 379 MR DORERALR T — & 7> & —JoFafsfi oA (TWINSPAN)

(Hill 1979, Peck 2010) (2K W EREX 3 5AT o7, fEMTRNCHEBOWET —2 %27 — 7 %A
VL, HBEED 5 A OREA R, H ey B LU 0.01 (3.2 %), 0.2 (11.2 %),
0.3 (24.5 %) FBLUV0.4 (43.0 %) (ZF%E L7z,

TWINSPAN (2 & W X5 ST AR AREMIRERS 0D 53 AT 22 ArcGIS10 (Esri, Japan) (Zd 0 MUK L7,
1984 4 (Hh3: 1987) ., 2003 47 (ILMEE 2004) OFHAHLSIIFER /3 AARIFS J OFR AR 7
5. 2009 FOFEM AL GPS 7T —F b7 1w b Uiz, 1995 4F0OT — & [ IFRA S D 7 )
STl Loz,

WA, TWINSPAN T4y L7 AKAAEMIRES & 2009 4E~2013 4EICHUS L - BRBEA B OB
ST LTz, T—2IFBEE S L DY TN A ANRIR DT DIEERIRE THD Y T AN —T
+ U AREEAT S ThER, BEEHI CHRENAONIZZ LIND AT 4 —/b— Ry U ZOLHLL
W To7e (Zar1999), & HIT, BRBEZS & & HEEH] O BRENE 2 B & 2N 9 2 7o I IEHERT S/
#Hr (CCA : Canonical Corespondence Analysis) 417572 (Ter Braak 1986), AT OA M EA
575, BREAROIEM A a7 IC K B5FE T HAnT A b GYTERL 199 [) 24T -7,

TWINSPAN (% PC-ORD version 6 for windows ~ (microcomputer power) %, 2 7 AJ)L—7 4 U A
MEBLOAT 4 —b— R v U ADOLREE SYSTAT 13.1  (Microcomputer software, Inc.) %

A L7,
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2-3 FER

2-3-1 KAKEWRE

TWINSPAN DFfER, v b A N OKAERPREEIL 8 & A Koy sz (] 2-1),

BRI DR S B OB S LI LV R 2-1 1R LT,

~ BRI~ 2 (Zizania latifolia Turcz) DME T 28K CTh 5, ~ OB S IR
ONHEIT 79.61 %, HBBEEEL 100 %72-o7z, ARIEIZITE X2 9 U (Fallisneria asiatica
Miki) DOHIAEENE, AX T Hippuris vulgaris L) 1%, AXTTREEOME EFET, T
1%87.5 %& <, HEBERIX 100 %72 ~7=, 7 v (Hydrillaverticillata  (Lf) Royle) &7
X 7HE (Myriophyllum spicatumm L.) [ZARER CEBEEICHERS S L7z, 2 v AR (Mphar
Japonicum DC) 1= 7 RN TEICAT L, HBIBHEEL 96.36 %72 o7z, ¥ a vELKR
WX 7HEN50.91 %&EBEICHEEL, v 7Y (Nymphaea tetragona Georgi) & 7 /3
I X XE (Potamogeton octandrus Poir. var miduhikimo (Makino) H.Hara) % F7-SHZICHER S
i, = X 7V (Sparganium emersum Rehman) (X, = X 7 U BEEE O HFE T, #E1E 66. 73 %,
HBUHEE 96. 16 %727, ¥ a UELARPR ) 7HhE b Eio, AFREN CHEICHE SN
TeoBF T a UERKRIZRIT 58F v a UEDOHIEIL54. 31 & < 7R3, HBIBEELI X 92. 78 %
EEhoTo, ABETIEARYX ) 798, SYANAIXAeFE, BIO/ oERltdiavEl
D DIRVNRAEL TS, YR 7R ) 7 RSN T 61.66 OB T L,
BB X 97. 03 % & E\V, ABEECIEZ B, AR X FE, XV avE, BIOAA
7% (Najas marina L.) DMEVEEE CEBEICIRAET D, A /3T FI3A AT EREEOESTET,
AEEOT N COFEHUR THEE STV D, BT 79.81 % T, AFx/ 7HE, AV
e xE, 7uE, BLOt Y (Trapa japonica Flerov) HMEVHEE CIRAET S, b UVERKITE
S OHRENS T6. 52 W THIBUHEIL 95.65 9 T2, AFF /) 7HE, RV NI FE, BIO

7 v ESE TIRAET D,
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Division level

W Tf(Hippurfs Vulgaris)

194(Nuphar japonicum)
1" 3 (Sparganium emersum)

0.5845

0.7151
VIE(Zizania latidoliz)
ATTERE 0.6366
(Hippuris Community)
[ ToERE
(Zizania Community)
¥ Trapa jaonica) | EXI3TE(Vallisneria asiaica)
0.4938
fif"+/7%

0.4009

A1 7E(Najas maring)

[EE]S

(M_ yriophyllum spjcatum) (Vallisneria asiica)

1054(Nuphar japonicum)

0.5989

X WA (Vallisneria asiaica)
1" 3 (Sparganium emersum) DOF(Nymphese tetragona)

(Sparganium Community)

(Nuphar Community)

0.4174 [/_wgﬁ ] [Mﬁ

J

INTEEE /O ERE ﬂgﬁ .
Tmpa Community) )\ (Najas Community) | | (Myriophyllum Community) )| (Vallisneria Community)

X 2-1 ZiofetEfEmtris R

BTG I IFRPRARA & B A2

TWINSPAN process.

~LT,

At each branch, indicator species and eigenvalues are presented.

S Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ixdi
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& 2-1 /KAAEY) 8 FEVE DOTERHRL

Species components of eight aquatic macrophyte communities

BE4, (Community name)

I 7Y avmx DY) Whar WEAE AN =%
Hippuris Zizania Nuphar SparganiumVallisneria Mrighylim — Najas Trapa

TIIE
Mean coverage (%)
AX T

Hippurius vulgaris L. 84. 10 0.01 0. 05
It

Zizania latifolia Turcz. 55. 40 0. 36

S

Nuphar japonicum DC. 0.01 0.93 36. 90 0.90 0. 37
=37

Sparganium emersum Rehmann 0. 80 36. 40 0.47
X avE

Vallisneria asiatica Miki 0.14 2.13 3. 10 1.40 31. 10 5.70 0. 39 0.23
[ as

Nymphaea tetragona Georgi 0.11 0.18
BRYNRI Xk FF

Potamogeton octandrus Poir 0.11 0. 38 7.00 7.70 0.01
YR THE

Myrioph y llum spicatum L. 0. 02 0. 28 2. 20 5.90 4.10 31.70 2.30 1.80
arE =

Hydrilla verticillata (L.f)Royle 0.04 0.50 0.90 0.24 5.10 1. 80 2.60
ANRNTE

Najas marina L. 0.01 0.01 0.01 1.30 3.30 47.90 3. 10
B

Trapa japonica Flerov 0. 01 0.19 0. 06 0.23 17. 10 69. 60
BB
Frequency (%)
AX T

Hippurius vulgaris L. 100. 0 5.3 1.0
It

Zizania latifolia Turcz. 100. 0 7.3

TR

Nuphar japonicum DC. 8.1 10.5 96. 4 11.5 2.0
=37

Sparganium emersum Rehmann 14.5 96. 2 5.0
X avE

Vallisneria asiatica Miki 8.1 42.1 50.9 23.1 92.8 53.5 15.4 17.4
=RV A

Nymphaea tetragona Georgi 2.7 20.0 3.1
BRYNRI Xk FF

Potamogeton octandrus Poir 20.0 21.6 57.4 69. 2 13.0
YR THE

Myrioph y llum spicatum L. 24.3 21.1 50.9 61.5 63.9 97.0 76.9 34.8
7 aE

Hydrilla verticillata (L.f)Royle 43.2 16. 4 11.5 14. 4 58. 4 53.8 73.9
ANRNTE

Najas marina L. 8.1 5.3 5.5 19.6 38.6 100 69. 6
B

Trapa japonica Flerov 2.7 9.1 3.8 9.3 5.9 53. 8 95. 7
T
Number of species 19 26 14 15 23 31 13 11

$¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ix#
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2-3-2 U MFA IR 2 KRARMEREDELL

AXTEREEIT 1984 F-OWEHRUTIIAIED 39. 5% /04T LIz, 2003 FEZ1E 3. 0%, 2009 42
X 0. 8T LTz (K 2-2), v=F, =V X7V, aulRx, BLUANTED 4 AT,
2003 4F-F TIIHNN L7223, 2009 4RI LTz, & S BEEITRRI B 2/  Cn0 D (X 2-
2), AXTEREEIT 1984 FTIIAIRNEERI O THER W T = > 7 (C2, D2) (25046 Liz, La
L. Z0t% A3, B3 DI COTNNIOMT 2DH L 7oT (K 2-3), BF v a UERKLE
R TV EREIEIL, 2003 DI THEIM L TV 5, 0 2 BRI 1984 450 b AKIRIN A
TR CHEBAIIZIA < 434 Ly 2009 AFIZIZINOZ < DBFTCHatiT 2 L 51277 (¥ 2-3),
TV I VEE L 2 U RREEEIL, 1984 FITIFEERE TR, =Y 7 U BRI 2003 4R
2T M FAINSIRAT D8 b REWIJIITH LKA )IOW AL TH S EL, F1, 3L OVINA)I
JEAD C2 125340 L. 2009 FFEITIE F2 DI LTz (B 2-3), =0 U AR R HEREIE 2003 4R
& 2009 £EIZY b ATINOT T OMEETHEREIZ 04T L7223, /AR t&E TS 2009 428 L
TW5 (K 2-3), A /37 EREEIL 1984 4RITIX E2 IZD&A53A Lz, Lo, 2003 4RI
D CL, DI, BIROC DT 1w 7T L, 2009 i3k Lz (M 2-3), b Uk
(X D1—E3, F2, I XU C3 ORI LWINOMITIZ A0 L722s, £ 0% 2003 421X C1 & D1
(2. 2009 FEZIE DL, El, BEOEZHMT DB L o7 (K 2-3),
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100%

80%
ke,
@ § 60%
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R C
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o § 40%
20%
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1984 2003

2009

'.7.'.'._

M community

W Hippurs (R ¥+ E#%)
Mzizania (x2E#E)
FdSparganium (T34 V&%)
ENuphar (aryRg%)
UVallisneria (€% 3E8#%)
[ Myriophylum R4/ 29 EEE%)
Najas (4 /N5 EE%)

MTrapa (B %)

X 2-2 U b FAWUCIIT D 25 FRIDKAMEMREE DEAL

Change over 25 years of aquatic macrophyte communities in Utonai-ko.

$¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ix#
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Ctarumappu River ] ] 98
) - z ; IJ d - . ) 1
g5y /// ) =
3 S O & . g / ]
Yututsy River 2\ |4 )
i o | N .{ ~T7 ’ 7 3 .
Y south-west 5 {4y { A
4 ! shore o 4 3 «’{
3 Utonai-ko L C:J Sz 4
) Hokkaido Jopan |
e —— 4
A B C D E F A

2

O
74

4
W Hippuris Community ¥ Zizania Community
@ Sparganium Community A Nuphar Community
OMpyrioph y llum Community O Vallisneria Community
@ Nzjas Community A Trapa Community

W AXFEREE. O: X2 advEsE O: "X/ JUERHE v YaoE#E
A A9RREE. @ (/INSTEEE. A EUEE

B 2-3 U MNFAHOHTEL 25 FEROKERBBEIE DL
FmROBAEIT SV MED FIZ8H 2 KIS IR O KE D 5 72 DR O 27w,
Topography and change over 25 years of aquatic macrophyte communities in Utonai-ko.
The number of contour lines depicts the surface elevation of the pond bottom (surface of pumice

sediments under the loose mud).

»¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ix#{
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2-3-3 REELE L KANEWREE OREEM:

2V v (T-P) LRMEEREZER (N0 N), BELOT D U EEERLS 3T OBRA B CRIEMO
HEZEINRENT (Table 2-2), £%E# (T-N) OREIL. AXTEHEN X 2 VERER
L ORHF Y FRE L 0 @ < IEREZESR (N0, N) 134 N TERE ClIcb A 0T, TV T
=TREESR (HAN) 1, BX s UERE L AR ) 7R AMLORE & B L TR
1203, BRI EOMIHED > T2, BAFREY v (POP) 13AYF ) 7 ERE TR -T2, B
RURESR (BC) 1FAXTERHHE LA NTEHE CTEL, BEX v a VERHEB IO X , 74
EREIE CIRD o 7o, Wit A A2 (S05) OIREIL, AXFTEFE TR 2Tz, VT LA F

(Cas), ~ 7R ULAFy Mg, TRIDLAALY Na), BV LA AFL K), BIO
w1 A (C1) 13eF v a UEEBLOR TR ) 7V S TR o7, B Y T AL A
v (K) LSO IR T ADVEEIL, AFTERE TRbENoT, EXF T a UERK L R F
J 7V EREE I, TRIAIRSRIREE (D0), pH, BEOVKIE (WD) OMEAMBOREL &L, il
WER (SS) LR (M) OEIEA -7,

LUR OB RO IEITRFEORE Crih o 1o, FIEE S (SS) 1T~ 3 ERfk L b U RRE T,
AR (W) 13A ST EREET, JER D) 134 NTERE L b VREE T, PR CW) & F
JEUE (CVB) XX 7 VERE TRl WAFRRFRIREE (D0), pH, FBXUYKEE (WD) (TA¥FT)
ERED I DA o T2, BIAREEA AT ERE CReb Do T2, AR W) (TAFER
TR BN, oD 7TEE CIRIRTE LinoTe, B%EHR (T-N) LA 4 (S04) &< 3
R ZMVEIR AFTEREN XV a VERRB LORP X 7KLY @oTe, 87
FRFRIREE (DO), pH, FBXLUVKEE (WD) DX, E¥> = UEEA L AYX ) 7 BB TR
ST, FEWE R (SS) LYEE M) Offidkn -7,

FEERIOAEAEN -T2 20 DEREAETRIND (CA A —T 4 R—va U FAT 7T AIE,
4 DOEITEIVELL 29. 2%, 22. 3%, 20. 4% LUV 8. 0% i &7z (HFHT 80. %), ZiLEh
DOEHOEAEIE 0. 954, 0. 730, 0.665, F3LTN0.290 T, T_RTOETHETH D Z &R S
i (BT Anm7 A ip < 0.005), 4 8HIEREEZA RO interset correlation HME<
TEE L BREEZE RO BIENENR SN o 12 2 L D Ef 1 i~ 3 ik CAMTIC VT (K 2-
4),

HlmheF 2@, 1S E 3B L OE 2 B3 WOTNTOX AT 7T LT, AFT)

EREKITA%SE (TN) | BRUsER (BC), WL T AT (Ca¥), v TR 7 A A M),
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FRUTLAALFY (NaY), BLOHAA A (C1) LIEOMBEN, AFMEm (SWH), AEehE
EHE N N), 7oE=THEER WAN), BFREY > (PO-P) . BRUWIERA A (S07) &
ADHBIRN RSNz, ZORRITEF T a UERER LU/ 79 REE OB & i /e
STEY., BB OLERELITAOHEN, %EOER L ITAFRERE (00), K% D), Bk
O pH & & BITIEOFBEIVREN T, ~ BRI L b URRERIIN 18l & 56 2 il T ssS &k
OB & O (B &L ADFRBIN B > 72, A /3T ERERITHT 1 & 55 3 fhiTIowTURER (1)
AR (WD) 6 KL OVMHIRAEZEE (N0, N) LIEDMBE -7, = I 7 URERK & = U R R BRI
FARTOH EIZBWTRAMITI MR Lz, 7Y O A1 A2 K) | Wik, 38 JOWIFREY o (PO
P) O E DRI/ NS InoTe, ZORERITT I A BITIWTOKAEREREE D530 & & HE
BlaRr OB RN AR S SWH) . AR (D), 2%EHF (TN), BWEmRARE 00), pH, H
AF (1), BHHRE (Transparency) . JRIRE MT). B LOVEEWE R (SS) THY ., FIZFEL
TENEICAHBEIA EN 2 & ZoR LTz,
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TN
SWH| SWH i
N ~ & | " 8s1
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-0.8 1.0 08

1.0

B RXFEFHE O: X2 avE#E. O /"X / JUEEE. V. YOEFHE. A 7R iE%
O (N\TEHE. A EIURE

B 2-4 KANEWHEE L 21 THE ORBEARIC X 5 IEXERNNSHT (CCA)
ERHEEAR T, RYX ) 7VE, BROEX T a vERE, BAEIZZALSNO 5 BEE
TUAIZART =, AT F, b UK. MUEIZTALSIO 5 #E%

TRTDOT T 7IZBNT, 5 I~ il BRI B L A OB 25 LT\,
Canonical correspondence analysis (CCA) ordination of plots of aquatic macrophyte communities
and 21 environmental variables.

The upper graphs are Hippuris, Myriophyllum, and Vallisneria communities (right), and the other five

communities (left). The lower graphs are Hippuris, Najas, and Trapa communities (right), and the other

five communities (left). Axis 1, Axis 2, and Axis 3 represent the relationships between the environmental
variables and fluctuation trends in communities in all graphs.

$¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ fixdi
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2-3-4 25O, KR, JEiR. £FR, IBFBRREE, pi, BtWA AL BIVSS D
£8h

1984 FEOFIFERALIL 1. 81 m TR ITHEAN L, 2000 FRITIE 2. 12 m & 7p o7z, 2003 AELARE
132007 £4F & 2009 SEDREAKREDDIRNEZFRE 2.0 m ZHERF L7z, LLEDBIIKALIT 25 4R
TO.2 m¥EM U7, KREWEZRHUKITR X2 2 4812 | MO TRVRAL (2.4 mELE) 2510 A
LA fise L7 (K 2-5), RMIRCRNEUEITR 7T Y C 1990 FELARME T LT\ D, REFRRE (T-
N) 13 1984 4ED 0.30~0.69 mg L' 2 HIREFEITHANIL . 2000 4E1213 1. 50~1. 82 mg L' L9 3 1%
DIEFE L IpoT-, FOHA%HE (T-N) 132003 45T 1.52~2. 06 mg L', 2009 4EZ 1.85 mg L
ERWREEZHMERF LT D, CLIREENE 2004 SELIRERAIE S TUWRWAN, fRAITIKF L 1984 48
?6.33~15.33 mg L'75 1998 4E 4.3~5.6 mg L' LR E T F Lz, 1984 4F 5
2009 FEDORNIEIEE R (SS) 1TZLDEANA A BT, pHIL 7.0 25 8.0 DRI Th A
B U7, IAAFBEEFEIREE (D) 13 1984 4 8.3 mg L' /H5 2010 4R 11. 6 mg L'~z [ZHIN L

7o (B4 2.5), VeBRlE 1995 4E0 5 2003 FEITANT THIAI L, 2009 R0 L2 (K 2.6),
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Change over 25 years for three flooding events (C2.3, C2.4, and C2.5 m), water level, annual maximum

wind velocity, T-N, pH, dissolved oxygen (DO), Cl-, and suspended solids (SS) in Utonai-ko.

$¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ixdi
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Changes in the mud thickness from 1995 to 2009.

$¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ixdi
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2-4 EE

CCA L7 T ANN—T4 U ARELLOAT 4 —/b— Ky T AOZEIBIZ L 0 AR S
(SWH) 1%, 7 b A W I BRSO & B BB SO 2 ER L Sz,
F7, MO S TIUKEE (WD), 2%HE (T-N) | EEHRRE (00). pH, k1 4> (1),
L (Transparency) . JEiR MT), X OVEEME R (SS) 23 UK Ve,

U M AN DRI DR b3 LWL, AFTERERORD X 2
TEREB L ORY X 7 = RREOBINE 5 12,

BB (SWH) 13 1984 £4£25 2009 EDRNTIAD L TEY . ZAUIAFTEREOHME &
FLa VEHEKBLORYX ) 79RO & b b TET TH LM, b OREE DR
SRR THEBE & I DA 2R LT, LI2AN - T, A 28 i KR RS O /34 & DB
EMEITEAS, 1984 SELAREDRERE 04T D2V A i T2 FERE R L1372 0 2720,

1984 £E~2009 £EIZ 7 b FA i CRARIDREE D A ZEAL L T DRI AKAZO EFIZ LD
KR (WD) 2EINL, AFTEHEOSMT Y TIIRESBD L, —hH, BF T a vEEK
BLORYX ) 7HEREEITIEMN LTz, 20 OREEZ(LO/EIL, CCA TRENTAFHE & —
Y5, LieiSoT, AKBIELY M A WICET D KARBEE O /A2 b S 2 A shie s
BChb, By B KA ORI E AN ERIC L - ThlE Rz ShTn
% (PR 2011),

2EEF (T-N) 1% 1984 4~2009 ORI LTz, 2%EH (T-N) OB XY AF TR/
BHNL, £ 2 VERREB LORY S 7V ERENBD T 513 Th o728, Zhbo
PEEDOZACITFBIRINGR L W DM 2R Lic, £%H# (T-N) & AXTERREONAMICHA LN S IE
OFIBNESE 2 )| EE T hds ST\ 5 (Katagirietal.2010), L7203~ T, @%=F#E (T-N) 1
U A ORI DAL 2T 2 FEA AR TITAR0,

FATERSRIREE (D0) 1% 1984 4E~2009 AEDENIHEMN L7z, ZiUuTEF v 2 VERER LU
Y 7 HEREOBINE —ET 528, BIEA 2 mg LT L V/INESWZ L0, B DZE
LICRIE LT BN SN EE 2 DI,

pH (% 1984 4-~2009 FEDRIZIA EZ(L L TONRWT &b KAERIEEE DA E L% 7
TOERTIIR, HtA A (C1) DT 1984 4235 2009 FEORNID LTz, Fe.
CCA TR L7 HIBEBAFRIZ A B ERIE O & £ 3 vERIERB LUV 72RO
BEINE =B LTV, v AW DRAMREE D2 A KGR & FERICH T& 5, L
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MU, 7 M A BOEA A (C1) REEIT 100 mg L X0 /hNES < BEED M & OB
AKEE (WD) K 0iE, Hb#A A (C1) WREEIHREREE CIIK AR O /3 A0l BT T R4
BAGITIE R (T 1982) ESNTERY ., ¥ M AWIZERT SRR D4 &2 @i
THERL LTIAZE D) 1EEDRMTIRNEEZ NS,

B (Transparency) , VREWE R (SS). JER (MT) [ZAXFTERE, BXL a VERE
BLORYX ) 7 ERED M0 2 T E DRI REETII RN T,

LLENS T AT 5 25 RO KAERRES O KRB & BIR L TV Db 4)
R BIIKE (D) Tho,

1984 4-~2009 £ED D K AFEMIRERE D A2 b & KR (WD) DORSRfFR Lz (K 2-7),
1984 AEDKIE (WD) 1E, 7 b FATHNDIE EDBATIZINT 60 em £ 0 &0 >72, —J7, 2003
FIF0~29 cm DT T TR 340 L7202 72D T, MEAEFIAHLSDNRE S 47270
o7 (tifEE 2004)

AFFEREIL, 1984 412 0~29 cm DRV U 7 CEL L-, %2 a UERERS LUV
FX ) TV ERIEIL 20~29 cm DEWE Y T THOAMA LI, KVENZY 7T TES Lz,
2003 FF & 2009 1L, AFXFTERKITERONT Y 7 CTOTNNIOM LT, EX T a vEREB X
ORYF ) 7B RFRITAKE (D) 2330~39 cm LY K&V U 7THMmL, =) 72k
WTHEE LT, LER-T, 7 R AT AT EREIIKE D) O®HNTY 7T, &%
Ta VRS LU 7 HEREEIIOKE (D) O\ TITHAT 5 2 LD IO S
iz,

AT KBRS L, KRR FICHitED %5 (Mieldeetal. 2013), F72, KOAK T
IZINPED S DFE TH D L EZLNTEY | RWKIKTIIE TH S (Greulich and Bornette
1999, Mjelde etal. 2013) , AFFEREIED AT 4 )| OB TIIKEEAOHBERH S L i
% (Katagirietal. 2011), 2D O, AFFEREITEVVKIRTOMT D2 L2 KR LT
W5,

X a vE LR Y S IIMIORIR TIE, X 2 7N 1.0 m~8. 0 m (Kautsky 1988,
Nagasakaetal. 2003, EAI|« & 2013), A¥x 7 7HED 0.2 m~6. 0 m (Nagasaka etal. 2003,
FE 5 2006, Feldmann and Noges 2007, =A)I| « &i% 2013) OV VKIRIZ AT 5, U M
AATITEF T g VEREKIIARY ) 7R L 0RO 7S L, BT g UEREE
I%, 2003 4213 0.6 m~0.79 m, 2009 4F(Z1% 0.4 m~0.59 m DKETHES Lz, F¥FF /) 74

EEEPKIT 2003 AEITIX 0.8 m K VIRV U T CES LT,
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707911

20-29 j

KF
Depth(cm)

community:
B 2¥ FEEETE (Hippris community) YIEEE7% (Zizania community)
1Y 3PYEEE (sparganiumu community) = 1THAEE & (Nuphar community)
1Y %/ 79T8E5% (Myriophyilum community) 1 ¥¥739E8£5% (Vallisneria community)
A X Z EEE (Najas community) [T E :/?:ﬁ%(ﬂ’apa community)

B 2-7 KAEREMIBEAED 10 cm AKERIERRAI HEBREE /377 DEEARBIZEL
Years of change in the number of occurrences (left) and occurrence ratio (right) of aquatic

macrophyte communities along the 10-cm intervals of water depth.

»¢Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984 to 2009 in a pond in the
cooltemperate  zone of Japan. Limnology 18:153-166. & ¥ #ix#{
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P IRIFREI IR D SR0IZ Z0 OHINNT X 0 KA D3RI % T,

AXFEREHIT 1984 FITIE C2 BL O D2 DN EREDERWT Y 720 LTV (K 2-
3) ALV REDENT Y TIITHEAEN 225> o T2, ZHUTE FEOBRIREE (5 /NG ERBLIFT 2010)
(o TRAETDHIRICIY | KEEWEEE OGBS, AXTERSMTE RN T20
HTHD, ORI, 2 e BA— MUVETHSEN 1L.0n b5 EF TR SN /NEIC
IokxEon<Tesy, BAEF L3> (Phragmites australis (Cav.) Trin. ex Steud) . ¥ 7 A A%

(Carex Iyngbyei Honem) 7> 72 2 H7KAE) 3 AFPHIZ /045 LT, 6> T, 1984 FFELUFE DK
L BRI X0 | BERIO VR R CIE, R <EHEA T U 7 oNEK Lic, KA EFIC XV B
TERWZ Y 7BER L2 & T, WRICOA L TWe AT T EREBE DN ZIR LT,

~ IEREIE L B VEERE ORI EREYE & (SS) L IER X ONEME (Transparency) & HDFH

B d o7z, Rl E R (SS) TEWEZIKTEE2 (FERD 1994, (FE - 0 1995) Z L
B (Transparency) &y E & (SS) & mWADHEZ R L7z (r = -0.477,p < 0.001),
R (SS) OHINC X 2B ORI X0 KERB DA F~ A &3 HiNEDT 5,

AT EREIFITIERE (MT) L IEOFBNSH V| 1995 £~2003 FEOIEGE (MT) OHIN & *Is L
THER L7z, LarL, 2009 41T 1E 1995 4 L 0 JRIE (MT) SR EWIT S BD 6T o Amilksmd L
7o T2 JRBE M) 1T A IS 2 KA DAL E B C& 5 FE A
BE TRV,

TV 7 U L 2 U RREER IR TR ThoZ&E &S BN A LR T2,

HIKIZ K D1REL S £ 72 KA DA EE RIFTERETH D (Kautsky 1988, Murphy et al.
1990, Abernethy et al. 1996, Greulich and Borntte 1999, Pedersen and Riis 1999, Willby et al. 2000, Sharip
etal. 2012), L2» L, BUHERIEICL > TH7e b SNDHZRBOMIC LD HAZ, BE~FKIC 2~
ST LITEMMNCHAEL TWDH DT, KK HHELTIE 25 B OKARY DAV 2 FHH T
RV, R X ) T IOKAERYBEE N e A DD ORHEE 2 T T2 BIEC IS A & IR
L2 ENTEDWMILICHIE L72is#H Th Y (Kautsky 1988, Murphy et al. 1990, Abernethy et al
1996), 7 b FATHDIENT Y FIZEBWTHEY X ) 7 ERENE LT HRER L R o7z,

U N FAWNCEBT D 2 A (Cyprinus carpio L.) 0> 1988 4E~2010 4EDfER T, Vi 1.4 +
0.19 t T, 5AEFEMTEEL TV 22 FMTRESELL TRV (LifE 1989~2011),

240D~ 7 (Auser albifions frontalis Scopoli) LD FAEMED KT 10 H~11 HIZHEFDT-
DY R FAWNIIRE L, 2015 FEDOFRKERIT 3, 480 P72~ 7= (BFf 2015), LavL. A#FFETIE
KIBOBARIZ X 258 2Tl CE edroTo, 2D OFRCKRRENIK MY O EBF WM TlEewn
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2. MBI RET BT NESNWEEZOND,

X 7HEET Loy —EEED TS, SHERET T b OREERET
HHDT, 7R FAHTIET T o7 b OBIERBE 2V, TSI O KA OEE 2 HLE
TLHDOTIERNI &b, KEMBREE O SAMEC BT 2B R TIERU,

FERE LT, U AT IT 5 25 FER O KA OGN OAKERO BN
WEALRF L LR ENTc, TR AFFTEREZIRD L, EX 2 a VERE LAY
* ) 7Y EREITILR Lz,

(3%2 (X Sakurai et al. (2017) Factors controlling changes in the aquatic macrophyte communities from 1984

to 2009 in a pond in the cooltemperate zone of Japan. Limnology 18:153-166. % ¥ FH#R LHi5#E)
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FIE WABUZIT D7 Y3 VEREIT X HUKEWE T ORREE

-1 Fa

T 351T 2 R € OFE DRI 72 SRR DL ERMEZAR T S % (Chambers et al.
2008) . AKSALFHIGIFEDOZAUIT LV | FrE OKRAREDDETNCEKT D & | MOFE DT 5

(Mesters 1995, V4Ji 5 2009).,

—MIZV — KA F V=TT AL LTHIBIVD 7 3 (Phalaris arundinacea L) 1%, flf}
R & LTHET A U 0 CIR R SN2y, £ < O TR KR O/EH #i A8 S
MO ZR T SH72Z L T, MEOH DIty D —> L 72 -7 (Kercher and Zedler
2004, Jakubowski 2011), Mt L7z 2 ¥ = SATARMIREL & BAERILAVFIK T 2 3 25
WIRA L, BRI Lo KA 28R L7- (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)

7Y 3 OPHNIE, —BASIIBRE, BPBES . BREAIRAN, BHSEORETIENERS NS

(Maurer et al. 2003, Lavergne and Molofsky 2004, Randall et al. 2005, Wisconsin Reed
Canary Grass Management Working Group 2009, Hayley 2013), BRELIZ L2 7 W= Uk
DINREMERTT D72012iE, REIHORE A/t 26 E B H Y . < OBEARLAFRLEE &
N5 (Wisconsin Reed Canary Grass Management Working Group 2009), & 52, /KEEH
TERELZAT 9 L IRESH RSN OTERFE bERE S HL, KEMDDOLZERMEIME T 5 (Dawson
1988, Maurer and Zedler 2002, Pedersen et al. 2006), L7=23>7C, 7V I a4 57-H
ZiE 73 OMBIESLORDUTIG U TFEZBER L, FEEOE=2 ) T E2TVRNBD
ESHE B A 4T 5 313 & 5 (Kercher and Zedler 2004, Lavergne and Molofsky 2006,
Wisconsin Reed Canary Grass Management Working Group 2009)

JEESEHUBN 34T 9 2 SRS DTG R R D) O BRI/ THRERH Y FEHD
1978, Lenat 1984, Kkl 1994, £i%5 1995, Johnson et al. 1997, Donohue et al. 2006, Green
and Gal.atowitsch 2002) . AGEEDERHIETT b | il SRS A3 2 1) | Tl i A s
BN EBRRR SN TS (RIS 1995, dLHRENLEESE - GPEERBRGFEB SR T Y =7

MIFFEF— 25 2004)

S ) INFAHRE T REROD T T L O/ VBT O ESEIR A 5 92/ NI T D | ikl
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AN D IO RPERHIN BT D R EARIZ L0 E R T LI o —2>TH D

(BB R - BIERBRILF AR SAR T BV 27 MIFFEF— L 2004, £)115 2010), 5EEH
AL 1980 RN BIAE D | BlfE b T\ 5 (Katagiri et al. 2011, LiffE 2020), 1991
ELARTO T 2 1| EIREOWREKIZIA < (BHD 2009) . /A #E (Ranunculus hipponicid
(Makino) Nakai var. submersesH. Hara) 2/ 040 UL AKNE N SR LT (6
18 2007, TR 5 2012)

Fe 2 JITIRNIK R OZEFPREE D @SR T T 1991 RICFERARB O—RE72 U RO -
F08®H-7- (Katagiri et al. 2011), —WFIC U REES B5- L7z 1991 4L, 2001 4EE TD
7 W 3 TN G L (i 2011), 2004 4RI ZPAZEXAMEIN L, SEESIEAS
FEL WA Uiz, PAZERNTOME L TN /KAERE) DO IEMEZLFREIIAI TH D73, S PHZEL
2 lick . BERNIREICOMN L CW b AKEH THE AL DEB IR I 7 Y

(Sparganium emersumRehmann) FEEDNED E72133HK U, TRBEN O /KA DOZAERNEDS
KT L7z (biBE 2007, BES 2009), 7 W3 S ORI SIC X ik OZE & I AEEES
ORIE, BREBRATO 2012 4B W CHIEETH TH 7= (FRS 2012),

FREEPN TR 2% L 7R OSSR FE R & Ui, A)IRARRIC I 5K 7 4 74 A

(Eichhornia crassipes (Mart.) Solms) OFRZE (G D 2005) . KIRFOWE)INZEITHARH
V% 7Y (Pistia stratiotes L.) DAY (P 2015) . F6 K OHHIMEAG )2 360T 544
AU F % (Veronica anagallis-aquatical ) OFERRER (R D 2014) 5. K& BAKAE
ZERET DFEDHRE BT TWD, AWFETliAERG & L2 JIIOPAZEXHIZB W TS,
79 a L OREIC LD A SR S5 2 & UK OFHBLIES 22 L, KR %18
LT HIENTED EHIfFSNIZ, L, TiARBIZ IV TR U 721k £ 721381 khE)
B4 DIRAREY) DS ARISCERIE S OB IZ DN TE =X U 7 LT3l E b TR
o (ZFES 2001, P 2015, Collins et al. 2020).,

LLEDHE RN D, RETIE, EREOREEHAMICE Y 7 53 S ANnRIgss L 2&m )
FINZBWT g A2 PAZESE TV D 7 33 Aot kRET 5 2 L IC K 2B &0 K AE
TAERE O AR ORAER 2 AL AR L H 0 HIBR T K 2 TR O T R OMFE S
HIgE L7z,
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3-2 RESH

3-2-1 *fERMER

FHSTRR DK % ), AHEE Tk & B/t (ke 42 BE 44 53, 30 141 FE 42 43) &0
LD 18 km O/NRDIT, BEAINFRERO Y M AMIZIRAT D, 7 A& ZDfEini%
1991 A2 T A — A SBHI B g ST D (1X3-1),

W2 30 4 (1991 4E~2020 4F) OVHIZIRIL 7.9 °C, 4EMMKEIX 1, 239m TH Y, &b
BEAKEDZONDITETE (6~8 ) THM 157 mn, 42 (12~2 H) [ZAM 4 m ThD (5%
JT 2020), JEOHIEDFEEIE 300~40, 000 FFTOKITEENT L DR FEAHER)K) 20 m DJE
STHRELTWD (B4 - 1 1980), Z OBATEILEAMEDR @L<, BEKDIZE A EHHTIC
R%ET D, ZOTHFER)JINTIHRAT ZKEDRK) 80%ITH IZHI FAKIC L VG S TR | FHH
%3 DI EANZEE LTS (EHEE 2007) . SEKIRO K THRHCBEH T, TR IR K ~D
SR ARSI L T D, JHEXE (]2 km) O LiEC B2 5FE 2 EHIBT 5
EEFEOPEIEIL, 1985 4E12 3,36 mg L, 1998 4E1 7.58 mg L', 2010 £4£129.6~11.0 mg L' &
W TN L, BUYEGETHIE6.0~9.2 mg L' & EVMETEE LT 5  (Katagiri et al. 2011,
JbiEE 2020), 1980 A E T, KEKIEIL 5~10 m T, WAREIDRBICIN > TR 97 LT
e (kS 2007, 55 2009).

AT (2012~2019 4F) OPHZEXMO Lt CExME) L Rt REAHH) 12B1T 2KE
ORI (EHEE 2020) (ZLATFD LB THDH, REHRIT W T4.0~10.0 mg L', FiT40
~9.3 mg L' OFFATH V| fHIEREZEFIT TN LI 3.3~9.5 mg LB L 1.9~8.6 mg L' T
B | DI L IEREERIL, WE & b )ITREBEAMDE Z 210> 1985 FFEHD 2. 8 5D
LR EIRE & Z OWIRIHERF L TR Y . —E LIEFEAE) Z — TR O e o T, TR
REERITHRTO. 14 mg L 7207223, 1FEALIT0. 1 mg L'BANTholz, EMREREY VA
TFOFEEE L 72 DI EIL BT 1~6 mg L', FIT1~7 mg L' THY . HEPICRE 2%

I 7otz
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3-2-2 PO LR NEWME

TEMOEELAEMT I a3, A BE, BLXOZY I7 Y Thote, FxJIEGRHTIX
73 UNHBEN CTERBIEEICY 2 — MR SE, REEZER L il 2 AEs 2 (umE
2007), 7 B3 AT Lo THZE L TORWIREINICIZILAKIEY ThH 23 BE LTV I 7 Y D33
LTV, 793 ATHK~BAER) T, FEFOIEMEUR L2y 2 — M b2 0FE A2 DI
LTHZ 5ZFETHD (AEF2014), /A BEIXFEKD & D)K., #iZe EIEFTT 55
REAEAEDUAE TH Y (FEF 2014)  ALEEFEROVERI) | CTIIFEA K E < AIROWEED
BEd 5 580F FTRIFICAERT D (39i2002), 41T EFENIIRBWT, FLLEBICRE 728
v FIROBEEZTER L, BT X > TUIKA FOIEE AL EE ST, = 27 VI, IE 6~
9 mm, &5 160 cm (272 DHIRVIIKEZ b OZFERTHY (A 2014), K£4)IITIEY FFA
Mzt 2T 508, )| B CIE 2 F T E TS T, 2 OREITRE < 2aho Tz,
(LifEE 2007), A% (2014) 1% Tk, FEEE 213k & LC0B23, x| BT
TATE CAEBT 2EENZ <. 22 TRKEm & Lol

3-2-3 7Y 3 VREIZ X HIMERIEDORIE & XV B Y

ExNTIHRIEDOE L N7V TN L VA LIDRIUCH > TH, IKEHNEE LTV D
TN TTR - THR Y | (RO TH DA I L= I U OAFICHE LT-hinE
&1L T0.25~0.35 m s\ Jii&IE & L THY 2. 0~4. 0 m BDZALEIUR STV (FAR D 2012).,

AHFFECTITIRIEWTH A LR L& D &+ il A MR TE ez, 733 URRED TR
TERETL2OTII R, FARD (2012) 2378 L7 Z B 72 i & 72 2 K9 oy ik
RITE D iR R Lz, 733 SPREOES, MY BV EOR/AMET, FHRE (2012) 29R
LIe A BEBIOY 7 U OAFIZHE LI EEIEL Y 0.5 mJAWV 2.5 m & Lz, DL ED G,
MY LD BEA 2.5~4.0 mIZFRE L, 2013 4F 2 A ICKRRBRX T 0 B Y 21772,
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3-2-4 FREXGERX, dHX, V77 LRAR) OREL, ARSI OWEERORE

2012 FEITHEE DPAZEIXTH] CEx fE~REARFEDK) 2.0 km XFH]) Z5FBRIC 7 EETORERIX %2
wE LTz (K 3-1),

7Y 3 VRERIOBBRXIZZ Vra & K78 Y (Cieutavirosal) MBS L, FKITE%ES
D INETITHEGE 0.5 m R Th o7z, FBRX T 2013 4 2 HIZ, KO RAHTIZISNT
2.5~4. 0 mIEDOFINTEX D L9, 7 I DEE (a— o) 2R L v RE L,

SHRRDKIT, PR DB 57 1 o\ MEFTIC R D EZE b, 36 K OVKAANEY) & BB
BT 2 AT, BB 2.0 m LA EEEN 7= [F—Wf 25 7 3 DRI
BE LTz (K 2), xRRIZ7$av e 7B UMMES L, T <, IRHVE  HEfE L 7= T
N1z,

LLEIZZ T, 2013 4RI, FHA X FHCH OV 238 59 2 0812, SBRIX oK
ETTT DA HIRT 570D 77 Lo AKX A 10 ErxE L (X 3-1), V77 LR
XI% 4.5 mBEOKENH Y | EEITWA L, S BEMELE LTV,

RBAX, WX, BEOY 77 LU AROTRTIZEBNT 0.5 mX 1. 0 m O L7t sz
FEOIRICADET4.0~10.0 nOEITHRELEZ (K 3-2),

IRAEREE Z ORI O IL, FIRAEAUCIHW T, 0.5X 1.0 m* OREFIEORA R H
Bl 2 2 COMEE TR OPE A BIUZ LV 2%% SHTHFE LTz, HROES, 10 cm X4 T~
— 7 SN 0.5 X 1.0 m G L KT A TR EAER LTz, 38RIXIS JOSHRIX TIE, 2012
F(BRFABEATH) ~2019 £ F THAZAITV, U 77 L RAXTIE 2013 45~2019 4 % Tl
ATl WBRIXE Y 77 L ARKOPARET, TEEIEOFLAALPBREIRIC K —E Tide
Motz BRBRX O SUTTRELIRT 39~66 HAOMTELL, V77 L AXOFMRE I
82~100 HR DR TEAL LTz, XHRXITFRAIH T 34 s Th -7,

WiEs R & U OKEE, JEIR (REEDIRS), Jil, BIOERE (KIE) AAEERA L RS
BIE LTz, TEIEITERERX & Y 7 7 U AKC 2019 4R & CHIE L7, RHRXCIEs -3 %R
ELlipolzizd, 7% a0y a— MOEEBEOREICHIE#ISR A L, KPIREEE AT
FHI U7z, KR & VRIS CIE L7z, $iodi3idEt (DENTAN  TK® —105X HUREEIRER
A (TR Y 20 O AR LT, BRI LY Wentworth  (1922) D4%%
HEVE (¢ 0 1/16 mATH) 1), B (¢ 0 1/16 nm — 2 nm) (2), /N%E (¢ : 2 mm — 4mm)

(), BLOHEE (¢ @ 4mm LLLE) (4 (THBIL, Z ORSHRIE A fEHTICEE M L7z,
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7 HETORERX L 10 FHFTO Y 7 7 LU ARDENENOMRAE T, 2012 4~2014 £ TiL,
MEZFEHT 5720, 20 $BEV80 WRE THUEABIN L7z, BRERK. 2015 4-~2019 FEOIR
i, BB LY 77 L ARDOETOMRAER TKENDS 0.1 m OEEE A5 0.2 m [FFE TR
FETHE L (M 3-2),

AT CIIRANE) & THEROBMREMRNT T 5720, 0.1 m EOTE (REHHEH LK
b ATOEITCRIE L7t (AIRHGE) &\ D 2 DOFGEIRIE A 3% E LTz, RE T &
FEHIE 2015 FELIICHITE SN2 DT, 2012 4E~2014 4513 20 % & 80 WKIEDT —Z )b R E R
&b LICRM LHEE A AV (A FES  2002),
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2/4]1| (Bibi river)

EA4B
(Bibi bridge)-...

(Study site)

23 .
(Matsubibi bridgéy

141° 43" E
%

EIZ X (Clogged stream section)

IYIVERER

(after removal treatment)

0 1420 46’ E :::" 0 -|ka
L1

% k- 3# (Utonaiko pond) ® BRI - 5 B X

(Experimental sites + Control sites)
O ) 77 L2 A[X (Reference sites)

B 3-1 FAAHRALE S L UBRERTE ORRXIZI1T SKEDEL
A G XA 2.0 km T 7 @FEPTORERX I LOXRHRIX & 10 EFrD V) 7 7 L o AR EE
na (fe), BRERBRATNIREE .S 7 Y 3 L (Phalaris arundinacea)\= & P%E LT\ - (A4
B, BrEaBRi%13 N1 1 (Ranunclus nipponicus) HMRIEPICHER L7Z (FTEY,
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, Ranunclus

nipponicus was present in the stream (below).

DTS, RN, THEE], HERFHRIOC (2022) AARDZEEGHYINGINZIST S 7 U 3 VBREIC X DUKEESCORMGE. 1R
22 12:73-87 L VG
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L (Phragmites australis)

ol JKERIE (Stream width) 2
y %\ Y 3L (Phalaris arundinacea) FLERME (Flow width) | A —
' /
Free miEhE antin B
Z — 3 3 3 9 ~
J o | | :

o]

(Flowting mass) \

R RS
\‘ " (Measurement depth
/\ADE (R nipponics) of current velocity)

ol o

P (mljd)

re—>
0.5m

— >
>20m B (sand)

>
HEERX (Control sites) HERRX (Experimentalsites)
)7L AKX (Reference sites)

BT R (section diagram)

0.5m L E E AT
(O: Meosuremenf point of current velocity)

>2.0m ?Jé]ﬁ.l‘-"\.\ :0.5% 1.0m

. ) SERX (Experimentalsites) (Survey point:0.5x1.0m)
i BB X 1 ER X .

*tHERX (Conftrol sites) 1y N Reference sites]

TEE (diagram from top)

X 3-2 PR OB
FRERIXITAKEE D 7 4 3 3 2 RGN ERE T DRFTICROE Uiz, R, BRI ITE O 72 7

AJ'h

VI UHHRICRE LTz, V7 7 LU AT 3 SBRERBRUAN RIS & o 7o KN E
7

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.

PSS, REFs, hARsE], HERFIRACR (2022) BAAROIERHYINITINZIST) 2 7 43 VBREIC X A U/KREE TTORGE. i
7% 12:73-87 X 0ifisd
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3-2-5 KAMEMI D5 & BB OREM: D5

BRI, KX, U 77 LU AR DHAE & PR R & ORI A B 5N 57201
EAE)SZHT (CCA : Canonical correspondence analysis) %V 7= (Ter Braak 1986, McCune
and Mefford 1999),

FEHTIZIE 2012 £R70 5 2019 FEORITRRBRIK, MIRX, LV 77 L AR OAFA R T

13 L7265 1043 MR o7 — & ] UTe, AEART — 21X B 5%LL 7272 13 fliA ki 4 &
L. BRI dUKEE, RIEhol, ARG, TRk, BRI OVEE (ki) OlEMEgE L
2o AFFHTORIMEZL, BT AN BT R VW THEAEDI TS & B R o175 AHBE RS
FRITZ2N & W D IR A MRRE T2 2 & Ol L7 (EERad T 199 [51), CCA Dfif
H1>” 7 M PC-ORD version 6 for Windows (MjM Software Design) Z{#if L7=,
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3-3 #ER

3-3-1 7% 3 X)) BV B OFEEIE & SEHTREDO AL

XY E D 73 > OEREETOR D T X CIEEBR I R IR HEL L 72 Do
2o 7Y 3 Z2fRE LIZRBRIX OFTEIE O H B, BRELERRTO 2012 4213 0 m T, BRELE

ED 201342 3.5 m &7 0 | IRAITIER LZRANS 2019 413 4.5 m TR L7z (M 3-3 a),
U7 7 L AR OFEEIRO PAfl L 2015 £ E T 4.5 m~5.5 m O TEE L, 2016 FI—HKf
5.5 mZ&#EA, 201942 5.2 m &leoTe, VKD 2013 4:~2019 O RIE, ABRX Tl
BREAPEATE 0.4 m® 57172 T SR 2014 4E~2017 4E £ T 0. 57~0.65 m® s TEHIL,
2018 FEFB KON 2019 A 0.7 m’ s ARSI L=, — 5, U 77 LU AXTIX 2013 471 1. 04
m’ s LSRR NI, 2014 FE~2018 FEE T 0.85~0.9 m’ s EIFF—E T, 2019 42 0. 72
PsTERRE T Lz (K 3-3 b), BAEDDEREQINC L0 RBRX CHtESEEM L%, V7
7 L AKIZRT LR T O R E it B OZIT 2o T,

8 | 8 -
£
-g 6 ‘ 6 |
a g ‘:|
=, _l E ’_I H ‘] i
g r——%%
108
§ 2 2
ol 0
2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
~ 0 12 1.2
b B g 1 1
©
£ < op 0.8
£35
4G 08 06
B c
RO a4 0.4
B % 02 02
0 Q
2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
ELERX (Experimental sites) )77l R [X Reterence sites)

B 3-3 RERX L Y 77 L ARKICET D IR & FHFEDZEL
OB T2 IME, 55 1 U508k, e, 25 3 Uik, BLUwKELZRY, UV~
7 LU AL 2018 FELARRC T — & 2 S L 72,
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.

S, RESFIS, AHAREE], MEEFARGOIS (2022) AAROFESHYINAINZIST 2 7 W3 SBREIC L DUKEE SCORGE {EHAT
22 12:73-87 L VG
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3-3-2 RBREIR T D ERE DAL

IKREOHRAEIE, IR X CIIBRERBRATO 2012 4513 0. 65 m TH V|, 2019 4% TORI 0. 50
~0.85 m TEE L7z,

RBRX CIIBREFBRANT 1. 14 m T2015 4E2HNT T 1 19 m ETHIIN L7228, 2016 FELAREIX
1.0 mZ& FIEY ., 2017 4E~2019 EOREIF 0. 90~0.96 m THTMNLBE LI, V77 LU AK
T 2013~2019 LED IR & D LA S 0.82~1.07 m TEE L= (K 3-4 a),

SHRIX DO FEFOE LRI E AL 0.0 m s TREMIBTE(L Lieh o 72, RBRIXDOFE
JEHE & RPRFTHI T, BRI &0 H3IN U7z, SRBRIX O FRIEHE D T RAE L, BREALEERT 0. 08
m s 7Z 7oA, AL 0. 19~0.28 m s THTHENN L7, AR O P ElE, 2012 4F1E 0. 06 m
s 2o T MRS 2017 4R E TIZ 0. 09~0.26 m s [ZHIAN L, 2018 45~2019 4T 0. 21~0. 13 m
s Lz,

U7 7 L AROREGOER ERTGEDO P IYEIL, £ Z40.21~0.26 m s, 0.10~0. 24
m s T 2013 £E~2015 FDMIRE < Efb Lo 72 (K 3-4 by ¢),

SERIPRRIT, RTFRX T 2016 4E~2017 4R\ —BFAICHIN L7228, 2N T 0. 25~0.35 m
TEEINE D oTe, BBRX TIIPRELFRTD 2012 4515 0. 05 m ThH o 7243, ERL D 2013 4F
(20.02 miZWA L, 2017 4ELARRIT 2019 RIS RN L 72 Z & 2 BRWTIE L A LTHR LT,
V77 L AT, JRRTEE A ST, SBIRT 0.01 mLFEo72 (K 3-4 d),

TFROEE T, SHRX TIE 2012 4 TIIR D 94% TIRAMEE L L, 2014 4EIC 68%F T F L7223
2019 4FITIX 94T R o 7o, RBRIXTIE, FRELBEATD 2012 420F, Jes b4 THRES L7z, LasL
BRIAERBL IR MEE 5 L, 2017 AELARRITIE & A & OFRE R TR & oo 72, £72 2016
EN D/ NEOTRPEIM LTz, V7 7 LU ARXTIHE, 12 ACORESTHMELE L TEY,
2016 £E0 B/ IMEEDT RSN L7z (X 3-4 e),
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2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019

I E(mud) [ ] #(sand)

N (gravel)

XX SEAX YI7LURR
(Control sites) (Experimental sites) (Reference sites)

B 3-4 XX, RBRX, BIWY 77 L RRITEBT 5 2012~2019 EDKR (a), REF
# (b), FRHGE (©), JER(d), BIOUER (e)DEmtDZL
RO T Do IMil, 55 100, TR, 55 3 DU U KIE 273, EETR
EIRE O HEERIT A TOFE RN D EH L.
Changes in water depth (), surface current velocity (D), bottom current velocity (), mud
thickness(d), and predominate sediment types (€) in the control and experiment 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.

SRS, AR, FHAEE], HEEFEEROOR (2022) FAROZEEHYINAI NI 5 7 3 UREIC X D U AKEIE T COMGE. 1@
22 12:73-87 L VG
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3-3-3 KAANEY) & IBARYH DEAL

SHHRDCCIT 2013 45~2015 4E £ TO 3 M CEEREA LTS %D 26% & P R 722y, 2D
% 2016 4F~2019 4FITHNT T LT, MR CIIKARDORER, 79av e krE
UAME URET . FERERCORE DR & 228 3 o7 (K 3-5 a),

FRBRDCCIE, 2012 AFOBRFLIRFTIL, FEER DA TEDOIL T OKEITIZF E A Eano Tz,
T 2 & O THAKRD 7 H- 3 L3 56% T D | IRWVT R B U3 24%72 o 7=, Kb Toh
LY 7 VI 1%TE o T2, ERE D 2013 FETIIFREEPNIZ I N TR 79% 0 FERH A= HLS 23 > o 72

. EDENAA T EPEOBINAE S TR L, 2019 FATIE 18% & 7e o7,

HERX D7y, RKI7BY, kDA T % H T (Nasturium officinale R. Br.) . 1
F O DO OHUKAE & 18RI T 2013 4E~2016 AR 2N T T L. 2017 AELARRIFIH L LT=,

WAKER) T DT I 7 ) LS, FED 2 FEOYLIPEDEFHE 2013 4FIZ 13%, 2014
21%, FBLTUN 2015 41T 24% & MEGEAOITHIIN L, 2019 4EITITHI 81% & 72 o7z, /34 HED VP
FEITAFRE A 0D 2013 4RI 1. 2% T, 2 4E140D 2014 4EISKI 13%E THIMN L, 2018 4ELIREITRTAED
#9 25%72 5 T1%FE TEUIZHEIN L KEENOKE S TS, EMEE LTz, =7 17 Y Ok
FEVTALERE A% 0D 2013 4F1F 12%, 2015 4R34 13%75 57223, 2016 4E7>5 2018 4R34 8. 797> B4
3. 2% ~E L, 2019 FRICHKY 11% & 72 D72 L 10%HTR CTHERS L7 (X 3-5 b),

U757 LY AXTHL, ARG &I OV 2016 45F T 5. 0~9. 0%72 57223,
2017 AFLAREIT 2. %A 72 o 7, IAEID 5 B, A BE L I 7 U OO AFHEIE
2017 =& TIE 31~41% THERE L7273, 2018 4ELIRRHEIN L, 2019 HE1TIL 3% 72 T, /A HE
DIIEIELE, 2013 4E2> B 2016 4FF THI 24%~32%DRITHERS L. 2018 FELURERTEDR) 34%7)
5 6ShETREIMUIZ, =Y X7 U OFPEIE, 2018 T —FK) 0. 8% FE TR L7223,
2013 4E7 5 2019 4% THY 5. 0% 5 8. %D THER L7= (K 3-5 ),
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FHHEE %)
Mean coverage

100

] a 100 b 100 T

0 0
2012 2013 2014 2015 2016 2017 2018 2019 2012 2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019

B ( Control sites ) FHERIX ( Experimental sites ) 1) 77 L2 ARX(Reference sites )

. 131 HER. nipponicus) IVIH)(S emersum) 9932(P arundinacea) FOEU(C. virosa)

[']]] A 52515 (N.officinale) l:| FDith (others)

B 3-5 #MRX (a), RBEX (b), KOV 77 LR (c) D 8FEMDFEEHERE (%)

PR D E 7y HRITETORAERITIT 2 I Z RO Tz, A BER IO I 7 VITPKGEY,
s¥ay, 7BV, BIOATZ X207 AR, £ Otk & 15,

Mean coverage (%) at all points of aquatic macrophyte communities over 8 years at the points
of the control site (0), experimental sites (), 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, Nasturium officinale R. Br., were emerged macrophytes, others were emerged

macrophytes and helophytes.

SHURESC, REROS, RIS, MERFIDROR (2022) AAROIEMHY NI 5 27 43 UREIC X DI ETEORGE. IRHmF
7% 12:73-87 X ifisH
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3-3-4 KAENEMDHAR & YBEE L DR

BT OREX O LU L AR L ORRE CCA XA 7 77 ALVl (K
3-6), CCA O 3 BHOEAMEIL, 0.728, 0.046, 0.030 T, ZNLNEITHD 10. 8%, 0. 7%, 0.5%
BB LT (BT 12%), p EIEE—EWEET 0. 05 R & AHERMEL 220 | BEEOM L BRETE
BOMHBIIAETHD Z EIVRENT, 72B5 2 L 55 3#lod interset correlations (352
723 0. 291, 25 3 @23 0. 260 Tdh o7z, 55 2 WHIAE L OFEBIN R HALTAE 3 HliHIT LD
WERAE R & BB R B AR o T Tod, Tl 5 2 SRS AR Uiz, 55 1 she 26 2 il 1
Tl KN Tl % /3 A 1 E D53 RIEEREE K OVEE I L CEDOHBENRH Y | KRR
IR L THIRWEDMHEBER -7 (M 36 a),

TV IV OGMFAREEDHBEN HoTz, 7 3av e F7E Y OomEnTi s L@t
W X OEE EAOHBENRH Y, 2 x 7Y (Lemna minorL.) & 93 (Phragmites australis
(Cav.) Trin. ex Steud.) DO/ARIEIEMRE L EOHBENH -T2,

CCA @ 2 i EOFAAE X OFEFE /AR LA — g EOPRE A b 212, SR, 3K, B O
77 L RRKOFERIZT T, TR ERGEEINIFOR L. (K 3-6 b, ¢, d),

SR OFEE AL, FEiiEs LOUEE L AOHBNH Y | RIERE EOHERSH 7, F
7z, 2 il EOREEONLEIL 2012 4ED 5 2019 4 E COFMEIH P Lieh o7z, $HRRIXIE,
B BT 2 SOREE I N—TEBNT, EHUEDSREMRICH Y . KRN RE S, TR
INSWT =T DT DJFSNT AT L, ARSI & 0 AKEEDVINE < TR R E
RIN—TNE VAN LIz (36 b), M7 /—7"& HIFREGRL 0.0l m s &
TlElo7, MAEE, RO 7 =T 7 —T1 R 2 T D775 721Eh, 7 ha v
DN 10WFREER & < | IR0 VY 3 (Polygonum thunbergii(Sieb. et Zuce.) H. Gross
ex Nakai) OWIIPHEDS BRRRE/NSWRE HMD 7N —T"10 7% 3 P g w2
HHIVIZN, ZHILSNORERFECHE DT IR E o T,

BRI OREEITAN Y BV A1 2012 AR IR & 0 ARICAZE L RETES L OEE LA
MRS | JEREEOHERH -7 (X 3-6c), LMLAYEDY %D 2013 FFLIBITIE & A
E O ROEEDFE L 0 AERNTRBE L, & 512 2019 4FF T b ORREO O AGHIRII A D
B7RmoTe, ZORER, XY HRY RO 2013 FLBRORRE AR, RIFHHS L OEH & IEOH
BzRL, JeiRE ADMBEZR LT,

U7 7 L AROBERIL 2013 225 2019 4EF TICHE L - BEEOfEEZ R LTS (X 3-6
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d)o BEEO—FBITIFA L O AR A0 LT2Ds, REOREFKIIAERNALE L, RKEiindEs LUK
HEIEOMBEZR L, EREADHBEZ R LTz, U 77 Lo AXOREONE b AR A

Lo Te,
a | AXis 2 b 1) Axis 2
of BB X
08 FSUEHFUN. officinale) 0.8 (Confro;(ﬁs‘i‘{eli)
KE 0.6 0.6
EBUE (water depth) 04 .I‘j/ﬁ'j?':/‘\’( V. americana) 04
(surfacecurrentvelocity) y}iﬂ(& emrsum)
029, RS€Y(C. virosa) 0.2
. =4VY(S.erectt .
AXis 1 ISARE(R nipponicivy (Serectm) o AP arundnacea)  AXS | X
-1 08 7 -06 047 -02 ~ M 06 08 oA 08 -06 -04 -02 0.8 1
EH 02 . ; 0.2
(sediment lank) ’ ;E;;F g :"7:\:7-&@' .mmnr) B
-0.4 (mud thickness) IY(P. australis) -0.4
‘.. *
e } SYVIN(P. thunbrgii
FIRAE * 08 | B nsnp. distincns) (P thunbret) 0.6
(bottom currentvelocity)
0.8 08
-1 @ TAOXRIY(L aoukikusa) 4
X2012 02013 02014 A2015 82016 2017 42018 ®2019
1 AXxis 2 . 1 .
c REBX d AXis2 JI7LU AR
0.8 . . . .
(Experimentalssites) 08 (Reference sites)
0.6
% g8
ﬁ& 2 x %
TR §
Axis 1 g x
< B
B 038 WRx 02 04 06 08 1 08 1
a 0.4
0.6 -0.6
-0.8 -0.8
-1 -1
X2012 02013 02014 42015 B2016 ©2017 42018 ©2019 02013 02014 A2015 ®2016 ®2017 42018 2019

X 3- 6 fHAET —4& LYBHERIZL 5 CCA
i & BB R 0 12, 2012~2019 EORMX, FBRIX, 5L O 77 L2 A ORI b,
c. diTRLTe,
CCA ordination diagram of the communities of survey points and species with physical
variables. Species arrengement and physical variables are showed in 0, and communities of

survey points in control sites, experimetal sites, and reference sites from 2012 to 2019 are

showed in b,c,d.

SHDFESC, R, AR, HERFIRGLOS (2022) AAROIEAHYINGINZIST 2 7 5 3 SBREIC X D UAKEE T ORGE. 1B
72 12:73-87 L ViG#
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3-4 &5

3-4-1 7% 3 EHRIREIC L BRI AT L

73 2 OMGIIREN X DA OB TR DV TRRET S,

FRBRIX 0D /A A1 2013 4RICHTHLERS L2016 4E TV 7 7 LU A X L [AIRREEIC £ THIN L,
PReZY 77 L AR EFR U b E T K 91T o7o 2 &0 0, AR 4 4F CREEDME T L
TmEBEZLND, =Y 7 VIIBREFIFMED 2013 4EITIE 122N L, ZO%KE < BEd
% Z &322 <, 2018 AT 3T LT Z & ZBRITIT 2019 4R E T 8~13% DM THEEB LTz, U~
7 LV AT DAFEOYIEIL 2018 4E0D 0. 8%& FRrE 2013 405 2019 4RI/ TR 5~8%
TEEBL TS ZE0D, =27 VE7F 3L OX 0B FUENDL Y 77 L AKX L [FFEE
IZE THEEDMETE Lz MR SN D, ABRK OFREIEO I, BREEEE (2013 4F) O
3.5 m2H T (20194F) 124.5 miTHER L, 7 ¥ 3 v ORAIC L DM OHEMAZEITIAZALN
ipolz (¥ 3-3 a),

PLEXY . 7% a3 > OE5HREIL L% 4 FTA DEBX O Y I 7 U MBS T 200
KRR ) 7 7 L AR ERBEICE TEE L, S6IC, Dl &b THEMTZ Favo
BRI L DN Z DR oTo 2 LMD KRR 21800 LERFT 2 Fik & L TRR
B7E o7 LRHMECTE 5,

3-4-2 7% 3 UEREICL BB ERIT 2EEEDE(L

PAZEX I CI TNz 7 ¥ 3 S OEGHIBREIC L 0 . BBRX OREEFS J OV RTE TG0
L. JIEEAD L, [ ROEEITIE GRNIZL L, KIRITAT 0.2 migd Liz, MRXTIEZN
OOYBEHIFE A LB L Do T, ZORRNG 73 v OEHIBREIIPAZEX O
KRG L S, RBRXICR T 28BN AERZ ) 7 7 L AKITEDST e L HEE S h D
(B 34 a-e), Fiz, FIIBREIZ L > THEIZERED 5 HERETHE & EEITRBICRE <A
fEL72Z &b (K 34 b, e, BEUB 3-6 ¢), WHUTH L CRUST 2B RN HH—F
T, TAIRGEESEENETRD &9 1B OROIF ] D 93702 D W BAE B DAFHEN I H M 72 - 72
(Fig. 34 ¢, d),

T O¥EIN & BRI 9 5 & AWNE S OHINTEE 28 < 9% (Butcher 1933, &3H 1956,
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Dawson 1978, 1989, H|li 1989, Pedersen et al. 2004), WO L V| FERIXOFIRIC
HERE L72VRIEAR L, BRI/ NEOFRIG I LI & B2 bivd, £, JiEOHMmE &
HITTEEIE IR L (B 3-3 a), ZHHDOZEITHE VKIERITRI 0.2 mid L7z (X 3-4 a),
UUEDS | FEEEAOTROZAI I OWEIA R (R IKE) 22b S &HZsh s,

3-4-3 YA EDOE( & KERY) DA

7Y 3 URFES OIS RO 7 T L O & RAAE ORI 5% 1~ B2 534
Do

RBAKIL, 703 UBREMBERT (20124F) (7B a3 E R BUBMES L (K 35 o),
CCA DFERTIE, 7 V3 b R BV IFRBIRER L OEE L AOMHBERH 72 (K 3-6 a),
SRR OREFRITIEE A L7 EEORRR LIRS U7, QUERET O T2 s o ok
fE130.08 m s &/NEL< | EEITIEOME ST DR 54%72 -7 (K 3-4 b, o), ZAUTZ Y
3 LR FEHO /N S VJEDOHERET 2 fEATIC AT D035 D & D T R ETIZERT DS

(Grinberga 2011) % 39 2fER L 7eo 70, BREMERE D 2013 FFLAREIE, FEfg it oD 1yl
250.18 m s LAETEE L, JERE HIEOE ST DRI SR OE ST DR~ L7z (K 3-
4 b, e), VAIRDIEATEER LTz OICEERX N T Y 5 3 > OB IHI S 41, 2017 4FICIEH
KUl sn b, —J, CCA CRFIHI LORE & EOMHBAIRENTZ A BE (K 3-
6 a) (TFRIFVOROIENN & WhIs LOVNEEIROEENN (K 3-4 b, e) I[ZfEWIEZ NS E72 (X
3-5 b, ¢), KBVEHOBENNIAE: D A T EHEOEENNE, /31 FEDFERD K E 72 E AT NS
LTWD &V [ERNOMIA NI T 2B E#RE  ORFRE, Bl 1988, BRIL 2006, /A5 2008)
BXFFTARRE eoTz, =Y 7 ) OBEIL CCA TIEOREN & 5 KEDZEA L & R RS L
T, AT 2015 FEETL11~1.17 m T, 2016 ENSHBAITIE T L, 2017 LUK 0. 90
~0.96 m TEEL (¥ 34 a), HBRXEV 77 LU ARKOTY I Y OHEED 2015 FFF
TITHRA D 273> 12238, 2019 FEDOPE L 2015 FEDPE D HKI 3% FLERD L TD (M 3-
5 b, c)

IKEEIT I 2 KA OBREOHERE TRV ORI K 0 | K OBTRFEA MR Lt#AY N &
{257 vr~—27 OFEH] (Pedersenetal. 2002) <, FEEIROILKIZ KX DFHEDIE FIZ X T
FAME T L, JEDHEREDEI T3 2 A5 PO RN H 25 (JEK, #EH 1994), £x )1
TH 2007 FEIZE A FEO_E FRAMOFERIZIBNT 10~25 m OB TKREEND 7 93 2 &3~ Thk
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E LT, ZORER, WRIEWEEOK 6 FNIANITE A L7720 XYY 7D 3FEHITITE
OFEFTCY 2 HEEMIMETT LTz, BREND 3 HRBICHAZE L TV o it Tld=y' 17 Y
RS IVIZAS, /A T B OFBUERE TS S e - 7o CeiE]) HBREEAF9E2s 2018) .
YUEING ., 7% 3 v OEGIIREL, —EDOMEZIAESEDH 2 & T lROIEL TR S,
KD 1.0 mBEDOTE AT L Ty 27 U e L, KB ZIeh Hibds LUV~ & 21
T, EB L OERE L ADHER®H S 7 I BLORN T B Y OFERE I L,
TeFs L ONEE & IEOHBIN G DKM O/ A BEE LS LBEZBRD,

WIZ, 1 BOZHILOBRECIY . BRHIEZ 2 BRI CE BRI DWW TEB LT 2,
2 I KR O ZEFEIRFENF O T T 1991 4RICRA Lz U VA O—RR72 ERIC
Lo raopncEcEinL, MKEAHZE L (Katagirietal. 2011), $£7=. Hikho—Hy
72V CREO EESIOR LS 7 9 3 ARSI PRI e, Z OFEIEHAK o
ERAMOPEIRIET, IS L OO TS & 0 RICERIEAHERE L, HRIRRE & 72 o 72
FIROIRFDPOEH LY VBE 7Y a R AHTE O THD EBRINTND
(Katagiri et al. 2011), ABFZETIZ 2 W 2 > OFAHIBREIT Lo THEIN L 72 R RIR DJe %
Bt Licizsd, 7% 3 v OFEEN M Sz L HEES LD, LIch>T, 41% 191 0 X H
7R 7R U A D BAPSRAETIUL, 7Y 3 ORI R T D AR B D,

3-4-4 PKREMEICZ BRY & LIcERHIN 0 BLD 12 K 23 [ BFE

Fx JINTFIE O A IR & 32 ORI L 0 Bk LD (RIS 2010), 743
UEEWVREEANIC Ko CREIEK L, Wi 2 PAZE S B2 72 DItRIZ /0 L Uik
BEVEDND LT, TINS5 2 ST & O S AR IR, SEfz s i O HiIiRES &
OB OB DO PRI, RSy BEFs & OV EALERSE OJEH%H R (94 1999, FAH 2001,
CHREST R - BPERBRGS AR T 1 Y = 7 MFFET— A 2004) BUETH DA, F£x)IITIE
TGYSIR S I DBEEN R ST BHIMIOKEZUGET 5 2 &N oTc 2 b, 7
3 UBRZEIC K D UAKNE DI e A IR T,

KEERN O ZBRET DRRFHIRFIEE L THOWO A RERIEH & AFZERETE 27
(Pearce 1965, Hogson 1968, Comes 1971, Adams and Galatowitsch 2006, Thomsen et al.
2012) . FROKEMM ORI B E KITT (Bl 2006, =6 2007), £4)11TIE G
1D TR & AR AREMRERE 3 0 AT 9 DT>, VESHE 2 3 L2203 DERTHIRE 24T 5 BN &
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ST DBREANIET, FHRAHWTANDIT LV REL T,

BREIC L D7 W 3 > OGNS A Rt S8 572 0121E 6 4ELL EOBEHH X 0 LY ST,
%< OEASCNT 0B L% (Wisconsin Reed Canary Grass Grass Management Working
Group 2009) , ABFFETIIAKEND 7 2 2 2 FHNT bR L B2 2B bS5 2 LT,

1 BOREMFEIC LT, A< &b TFEMITIREICIT 2 7 33 o ORES2 if S 7z
(¥ 3-3 a, X 3-5 b),

REEPNIZ IS 2 EAEEE DBRELIIPR ERIBRLUSNOFE LR ET B 720, KAEMY O Z B X
% (Dawson 1988, Pedersen et al. 2006), L7>LARFFETIE, 7L &b 2019 4EE T2 H
3 OESTRIREIC K DKEENITI 1T 2K OFEE O 1372 - T,

TR 361 2K AR OETEITIE, 5 & T DFEOATE L & BB~ D2 B 57T
L. FEDAEIR ) A 7 2K 2 & 9 2 REFHI AN E L S5 (Fukumori et al. 2018), £7-.,
TR E BN FIRBIC AR D K O, AR N EFNEDR<THZ L HEETHS (Dawson 1989,
e 2007), AWIFETIT o727 B3 L OERGIIBREIL, Wi FWT R BIFR 92 iitHshe 4 i3
52 & TN S, MEHNOWESF2Z LS ED 2 & T ¥ 3 0%k aihi S Ei
AH=ALERE L, D7 e b THREMICOIE FEREIMHI L B2 oD, F2, i
WXV T DA E, = 7 VITRFRNZAER TE o2 Ot N TR 2 i S
HDHZEWMTERLEEZDLND, S HIT, FHIBREIC X DKM ORI 3 20 - T,
HOHIBREEEIANNORER -T2 Lnh, MASHTAFEERIIRE D272, 3T
Bt 2 L0 BRI S -, £72, 2013 4F 2 H OBRFEVEELEE, 2019 4£E TIBMOE
PEREZ VB L Loz, BLEDND | ABFFE TR LIKARE OPRABEAN L, RSG5
& DTG AT ORI R CE B ESECMEE AN 2 AR S 2 ED b 2/ NI N2 BV CTHE)
WEBFETHD EEZ D,

2B, FxNOFREDIZE A ETHEKER TH Y | EOFHZE /NS (HfEE 2007)
Z D78, RS OBRVEIZ L 2 TR OFRIE S I S C /KIS L D BELA 2N Z D,
PREJIC K - Tl SN BI RN Rk C& 7 & B2 b, LieidoT, ExJI
ERHEDOT)ITIL, AMIE TR LT FENDIR TH D EEZ BILDD, EOFHIZENNK
EUNIJIT, K K 218ELD B 2311, Fiduns B < BRDS el g 20115 CII@E T & Zeui]
REMER DV | SH%OBFDBVLETH D,

(%3 FEIMIESL, RERFIR, RHigE =], HERFTALTS (2022) HARDZERHYNAINZET 5
7 W3 VREIC X D UKEYAE T ORGRE. {EHITZE 12:73-87 &V #i5H0)
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FAE KEMEDH IS DA LOW) T 5 BREED O OEHEHE

41 Fim

FARFAESE T, BRI RICHESE . RIS CIEISHNCI fiie e ST D (BR5E
A 2019), Fio, RFENL WX AMRT 4y 7 « LY—AT T N ZTBL, £RERD
ISR T 2 KO ITRBEIRAIT) Z L b HETH D (B 20100, 51T, W)IIFBEIW
B OB FUTAREEDSLEETH Y . 2R b EGTOIRBISEELRFETH D (Dawson 1989, 14
A 2007),

AREETIE, LLEOBLED B | #/Kids ORI A %07 >R rlRE72 B BEFIE T L7z,

4-2 BRSO E

4-2-1 54

U M FAAET D — L SSRIBHN B ER S NTR Y . Y BOARREERS B, oK & KA
FDORERRD HID, £l U M A IHITKERD OFESS X O DREOREESE O b2
E T 72 d 57 EARARE DR BN EER S D (L NS 2016),

2EDFERNG, U M AHOKAEREDOHmITeEFR (T-N), EXUZER (EC)., WilgA 4
¥ (S0H), AN T EALFY (Ca), TR T AAEY Mg, FRY T ALFY (Nab),
AV LAFy K, A A (C1), WAFARFEIREE (D0), KRFEA A RE (pH) | 7FilF
WHEE (ss). KR, K. JelE, il BUE, BIOFERES L ARERHEERH Y . RYH
IRRANREE O DAL, KENEEARERTH D Z MRS R,

HAIROEBERHEL, AKAERBOREEZ HIE LTTY 2 ED, KEWMBO A LD E
BRI TH DKNDOFAEIA A S LB A7 -l L, SH%OER EOREL I LT,
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IKGL A R AE
anual mean water level (m)

4-2-2 WETHE

ALY R A WHERC (B S T IRAEAR
ZRACTRAE (5 H~10 H) ZhRH Lc, KidEsT —~
HettiagRaT L0 2k 2 5 1372,

BT 1969 = X 1 s T — 2 ) 1969 4

~2015 FFDE G et N

4-2-3  FER

U AT B BEEOKMEEEIL. Rt
CRBIETFLTLE m&irote, H&b il KAERMBEE O AL 1984 FEIT T DL
YIRFOARNAT
4-1), 1984 FYIHI T N T A WINDOAEDE S . WV VKIRE AL AT ENHINITIAS EFTT

D70 & ADSHNEZEUEL Y @h o7, KRAAER

(BT B EAME TEOEBI > TIRF L,
1977 4F|
NQAVYN 1T 1977 FEOKRND B 0.2 m FRHL, F91.8 m&poTnd (¥
1 1991 FED T 1] 0 %% L2 1998 0D
TIHER BN L DR 2 12 B U, 2003 AELAREI3H9 2. 0 m THEB L T\ 5, ZAuc L 0 R ki

THOMARERE X a VEREORY R ) 7 AN ML TS 2 BB,

2.40 1040
2.20
1030
2.00

1.80 1020

FHEBKkE
annual precipitation (mm)

1010
1.40

1.20 1000

> (=22
[=3 [T
o [= )
N N N

X 4-1 7 b A BITRT BKALHRE & FERIKE D 1969 F70>5 2015 FEDZ1K
PRI PRl 7T 7 1 HER KB E T,

2005 ——1
2007 —1
2013 —3
2015

Yearly change (1969-2015) of annual median water levels and annual precipitation in Utonai-ko.

Line is annual mean water level and bars are annual precipitation.
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4-2-4 EE

U NP AAOKNAEREL. FIROEFME LI T D LRI 1969 FRFET2.3 m TH Y |
B E 0 AT 0.3 mEREER & DvoTe, F7o, 1977 ARITHRARKNAZ R &7k LT22S, EOH%ITEH
HINOEIYFEZ (1991 42) L THGE (1999 4F) (T& D 2.0 m AR THEFF ST D (K 4-
1o 1984 DA K 2 /KAERIREE DAL, RIIWZOKMZA LD NS % & T
DEMMUIZ L 2 RKAAR TSRS L7z b D Th D, Fiz, 1999 4D Nt % | iR
S A7z 2003 436 LU 2010 FEOREAESMAIL, KL —HRFHIAR 972 1977 AELARTOIRAEIZ T
LB Z B, N OSARRIUIE 1984 FRITHE AT 2R 572 b DD, IKAER DAEBERE AL
L7REE L 1TV R 7220 TE- T U AT W T HRFAFEZTT 9 12T, BROK 2.0 m
DIRNAEEN KIS LT KRAEREIRER DA R BT 5 Z ENEE L, ZOTOITITBKAL
EHERFT BN B D,

PLEMG, 7 M A ST D KAERRESE ORISR E B E OB O KA DA
FiCh s, BUEOD M AL, BoKRrORIEZBRITIE. FIRHEOFREIC L W KAES2 2.0 m
THERFES LTV D Z LD BUROKNAE S ORER 2 B & U7z FitEOERE 2 414 btk
i % 2 & T BUEDKRAMMEEI IR AR IND L B2 bd, MEFRFER FOBER E L TR
SRR X 2 —IRer72 KDY & 7o & JKAEREREE OBEELSC. TR 72D DS HHAD I
BRI LD EHAOHINEIC b A H L, AKOLOBEFEGEHEII & . 7 N IZdsT 2K A4
OEREWM 6 H~10 H) AOKE CREHERL XOI X7 VHE) Ziaiice=21 74
LB D,
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43 FAO WA

4-3-1 BE&

Fex I EFRERIZ ST 5 27 B 3 o ORI I K DR ORI, TRBIEIR) G < 2 @i
DEFAM & —R7R ) RED EFICERT 2 2 & ABEERHA THE S Tuwiz (i
2010, Katagirietal. 2011), F£7=, 7 %3 > OIBFIESLIC L 0 RS L, HiEME 5 2
& TIRICIRIE DN HERE L7, ERAMDmVRIL T, Jerf TR T T UiatiL
7Y 3 ORI AR DR Sz,

73 T R S D F R RRIEL O B A A & T D REEEOAN ThH D7D
BOANEXRITKEDOUETH o7, L L, RNBIC R SEMIA 5 & U7z PR R R T s
DFEFAEE & B BMR T DM ENRH Y | HRKENHEETH D, o, WRIEDOIHK LUK
T DR FAE A BT LT 72D, WARKE O FE 2700 R DA RN b & 72 D ENT R
T 20BN o7 (iEE 2007),

ABFFECIEIREENICIS T 5 27 ¥ 3 S ORRZIH U AR OB A & AR 2R3 720
73 OESTHIBREIC L0 A H N S, HI0 L7 Ko TR IR E 2 2 b s 5
FEEZRITL, ZORERRELT B ERM), ZORER, ERIND B (2 X HFtE O

EE AR L, B2k L= 2 & T % 3 S OENESRIH S, kY 7 7
L AKX E AR 72 % F T Lic, TKIEMIRER I 0B 4 G CHoT L7z, Zoficy
P I UMNTRBNTIER T 5 2 &3 < L GBIMOX] ) B0 12082 ho 7= (3D 2022), 743

UNEERE N COERBIERRIZD ., MfNITRBIH OMELRN D B DBE L S DM
(Wisconsin Reed Canary Grass Management Working Group 2009) . AHFFE AT 7= ER4HIAI] 1 Bt
D CIFEREh RS TAERIE L. 9 R4 2021 FEBIETH ZORESHERF SN T D (X14-2),

FEAROEEEHETIL, 733 &2l L, AR 2180k L OWERF T2 7o OIS B2 7257
AR R LT,
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%3V (P.arundinacea)

<y MRICHERELTZ
MIELZOTIY
(flowting mass)

R EIRRE

(partial removal)

ATVUION N
Y| (S.emrsum) A
Y (R.nipponicus)

2013~2015

IR
(decrease in water depth)

b (sand)

TRESTRHAA

(expansion of flow width)

» i (pebbles)

2016~2019

B 4-2 7 Y 3 EGTHIRREIC K DT OMEERE AL & AR L OBEEX
Diagram of changes in the physical environment and macrophytes in the flow due to partial

removal of P, arundinacea
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4-3-2 Fik

PR DRGHT, HOKRFEARE SN D IRICKT L, WRAE (F7238K i) CHUERE
ZERE L CRBOBEREARET S (EHD 1993), UL, MRS A 50403 5
FINE, WO IA 2, SRR SN D (KRS 1998), E£x4)ilikas, 74
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Current velocity distribution in the section where submerged macrophytes occured in the upper
reaches of the Bimi River

The current velocity distribution map are extracted from the survey plots conducted in July 2021.
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A BiRE G FWTERS) (o)
S iHid (m)
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Explanation of Manning's formula
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EmEE(diagram from top)
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The outline of the transect
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F 4-1 MEOMBELEEL L ONLKED O E

Physical variables of stream and coverage of submerged macrophytes

ST 5k e/ PR Ve
. .. standard
average maximum minimum
eviation
It B 8
Stream width (m) 4.1 8.0 2.0 L3
YISES
Water depth (m) 0.8 1.0 0.6 0.1
e S=
Cross section area (m?) 3.1 5.8 1.8 0-9
N i> VAR
TR : N 0.2 0.3 0.1 0.0
Average current velocity (m s™)
=] VAR
SRR . B 0.3 0.5 0.3 0.1
Maximum current velocity (m s™)
VAR Y
R o 0.2 0.4 0.1 0.1
Surface current velocity (m s™)
Uit &2
Discharge (i s 0.7 0.9 0.4 0.1
51
Wetted perimeter (m) 5.1 9.8 3.9 L2
A T EE
59.7 100.0 2.0 29.3
Coverage of R. nipponicus (%)
AR 1 iR
= 27 17.6 61.7 0.0 17.0

Coverage of S. emersum (%)
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(m?)

Y=1.017X-0.263
R2=0.926 p<0.001

JR#& (Cross sectional area)
N WA 1o

01111111
O 1 2 3 4 5 6 7mM

TRERIE & HIKRDIE
(Product of stream width and mean water depth)

B 4-6 Wii&iE & FEIKBOTE & RO EIR IR R
Relationship between cross sectional area and production of stream width and mean water

depth.

TKE (Mean water depth)

1

1 1 )

12 3 45 6 7 8 9(m)

JRRIE
(Stream width)

1 1

©O = N W A~ OO I 0 O3

o

X 4-7 FREEHE & FEHIKIRD bk

Comparison of stream width and average water depth.
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035 ¢
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3 Y=0.31/X+0.14
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g 03f @ R2=0.33 P<0.001
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5 0.25 }
(0]
>
)
1
w 0.2 |
B
0.15 f
0.1

TRERHE (Stream width)

B 4-8 FREEIE & FHEIFE O Bl SHTHE R

Relationship between mean current velocity and stream width.

(%)
100 ¢

exp (-4.98+25.13 X)
1+ exp (-4.98+25.13 X)
(p<0.05)

#E (Coverage)

0 R,

0 0.1 0.2 0.3 0.4 (ms™)

Ei57%E (Mean current velocity)

® /7 E (Rnipponicus) X TVZ2IU(S.emersum)

B 4-9 FEHFE L PhKNEY) D 24 BE D B I Sy Hrfe SR

Relationship between mean current velocity and mean coverage of submerged macrophytes.
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