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Effects of heavy rainfall and flooding on macrobenthic

community in Lake Shinji
Retsushi Matsuda'", Koji Seto’, Takeshi Sonoda’, Keiko Yamaguchi4

Abstract: A macrobenthic community is sensitive to changes in the environment such as heavy
rainfall and flooding. Lake Shinji is the largest fishing ground for the brackish water clam Corbicula
Jjaponica in Japan. The macrobenthic community of this lake has been surveyed for approximately
40 years since the 1980s, and it was surveyed in 2021. However, the amount of precipitation
from June to September in 2021 was higher than ordinary years. The purpose of this study was
to clarify the effects of the heavy rainfall and flooding on the macrobenthic community in Lake
Shinji. Macrobenthic communities were compared between the heavy rainfall and flooding years
(1997 and 2021) and ordinary year (1992). The amount of precipitation from June to September
in 2021 was about 1279 mm (the average precipitation from 1981 to 2021 was 764.0 mm), which
was the second highest value since the 1980s. In this study, we collected 21 macrobenthos species.
Dominant macrobenthic species were Prinospio (Minuspio) japonica, Corbicula japonica, Iravadia
elegantula, and Tanypus sp.. P. japonica and C. japonica were collected from the central area
and the shoreline of the lake, indicating the effects of the heavy rainfall and flooding. Arcuatula
senhousia was rarely collected, possibly due to low salinity. Results of cluster analysis showed
that the ratios of brackish water polychaeta in the macrobenthic community were lower for the
heavy rainfall and flooding years (1997 and 2021) than the ordinary year (1992). It is assumed that
community structure and spatial distribution of macrobenthos in this lake was modified in the year

2021 due to heavy rainfall and flooding.
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Z ORHERSG 34 UK 381 B B2 (L D8
ZIFRTUVEICH B, ol LTiE, HlZiZE
FORFEBEOENC KD AA ARV N ADBiHFE
DOZE BEARIED, 1998), MIKEEDRZICE S 1R
IREERBEOZIC X B EAE Y OREMEDZE
b GBE)I1E Ay, 2000), A1 1 PASEALER RS O W1 O
FASEIC P S (3G EIC K 7KL BHEOHE L (i
M- R, 2021) &, RLEmENH 5. Tk,
KRukiE, ooV h—fitEoZ(bEs|E
e U, EAEMORHEMG ARG E 22t
TRz EHHE TN TS (Nishijima et al., 2013;
KAIEH, 2015).

BRI A E S 2 R E ML, Wi 79.1
km?, fR KK 6.4 m, FH/KEEA.5 mDFUKIHTH 5.
SRABTNCII R 2 RN L, KD
SBRENZNM LT EST S, ZRuck b, MWIKAR
IKEREWMERENTED, i GbE THARK
DOHEFERFKI E 7> TV b, 1963 ED 5 Eih &
FEERKIECR, HEERZ HIN & UTc kbR ED
FrEFAIRE N, FOEIE KNS R 2 E1HEITCH - 7o
W, BUOWFES PEDCES 5 £ OF RO O )
rlickohiEEnTwa (I1E, 1988).

FOEINC BT 2 KA BV REE OF A, 1980 4
KLU TUE, 1982 4E M 5 1983 4 (1 Ak), 1998),
1991 fE 5 1995 4F (HAf, 1998), 1997 4F (Hiff
E A, 1998), 2006 4 (AHIZ A, 2012), 2016 4F
AONT 2018 4E (RFHED, 2020) IZfTbNTWV5.
CTOXSICHEEIE, 1980 EFRLIFE, #9740 FERTD
A AEMBENBH S M TN TWS. £, 2021
FIFERKEIAF 27V =gt > Z— Tk
L7320, 2006 50 2016 4F & [A B DR DY 5 44
Soiftbniz. TOXS EIBEEORAEZE &
WCEAEYBHEORFEL (b ZERT B581F, — K
FNCIEFAA R AIC BV TR N UK & Oiflid s
LT 2 K 5 GERBEER OFZE 2321 THEWn
TENLEFE LV, LM LAEDDS, UTEFHERRH
EB DK N U HIK DB IREE kAT DR 7%
ETEE 50NN H B (ZHHEH,, 2018). v
< kY 2 Corbicula japonica O H A& KD FEHLT
H BB, IEERENBOENICH D, FOH
KEh > THhiE. Z0D78, BEFEOKHMUH
IKDFHEID Y= b Y G T YRR
FLUTEDK S IR JIE T M OWVTHETT
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T EWIKFEANCERETHS EEZONS.
FOEW R N5 & Uz KA B RHE IR D 5
B, BEORIKENZ - EOFMEH & LTI,
1993 4E (HPAf, 1998), 1997 4F (HikHiEh, 1998),
2021 4E (RWIZS) MEF BN, It 1981 FEh
52021 FEE TOHARNICE T S 6 AN S 9 ADERT
FEKED ORI 1S FHTELTWS. L LAED
5, INLDOKHNUTHIKNH>TZETE, BERH
Frp U IR0k E A EIiE VDD D, £
BrRELIZZ2AIVTETNTNEEZ S TWV5.
— /T, IhsPANCITbN I REFREDOFOE
DOFKEIE, WINE 1981 EM DS 2021 4 FE TOHA
RICBIF 5 6 H S 9 HDGEHFEKED DI 1.5
GLUR CH Tz, 7 T TAMIEE, K THIZKD
H o T2 L 75 RIS S Nz DR A A
VIR OB R 2 LR U, KR U KD GE
DEAEYN IFTHEIC OV THLEMNCT ST &
ZHBE LTz,

ME LB E

1. BNRABLTCICH > TIVS R

AL A 1L 2021 4E 9 H 21 HAS 9 H 27 HICH
AT e, EAEEYHY 7V OB SE
IS ARREINCEE LTz 28 MKl BV T, SHNT
Ekman-Birge B$ieds (FRUEMmAE 1/50 m?) T 2 [a]EE
Jez17->THRELT: (KD, RETHESNT]RD
2RI TR THERE L TR REICHE bR 2.
BBk, 05 mm HEWVOEZHN TS5
B0, i EicEs et DY —T 0 YT HY TV
L F0% V=T YTHYYIVIE T mm
£ 05 mm OHEVWOfZERTHEWIN DT,
ZTNFNHEWILEE > TV B IXRTOEAEY) %%
BREE LTz, SR LT IR AEIE 10% KR IV<
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mOWEZITo Tz, 753, EHERIE 0.0001 g X Tii
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A& Ute.
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Fig. 1 Study sites in Lake Shinji. @ indicate study site.

x1.80655x103 CHIE Z1T- 1=
BEINEZNZTNOROHBSHE L, RESN
To i MR (28 Hif) x100 TR, F
7o, B, PRES TR BRE S Nz 2
R x100 TRD Tz, Kl TG HIUKD RS YRS
ICHZ 2580 DOV TGS %7281, KM UH
KM T > TWARW 1992 4 8 H 9 HicfthbhizHh
W o OB K PEE IR E PR SRS OSSR (FPANE
M, 1993), KM G HI/KMNE S 72 1997 47 A
31 HM S 8 H2 HIZiTb N =58 « ik R
BRGSO R (R IE Ay, 1998) &,
AWFZETHEME LTz 2021 4E 9 A DS H %2 W T HER
R, B, RSO, Bray—Curtis 5
BOGCICBEHEEIC K B 7 5 A R — 2 fTw, B
ERGE DR Mt Uz, 1992 4E36 TR 1997 40D
PAEIEKE, KE, EEEMCOVWTIThbnz
FHE A, 1993 ; 1998). WitEDFHEICIIF % K44
)&, Ekman-Birge BUREAR & Smith-MclIntyre BYER
BAEOPEFHIC XD, 05 mm S50V EHWTEES
Nz (PRHZED, 1998). F 7z, 1997 FEO S E I,
MAEIE Y~ oY, EEE GBGHED, Z0
f, BEEEY~ N AEA, dhA, /FAX
AJ@O—H, BT, Zoft, HiEHEaIAYh
o, AFYIFF T, AT, FOMTH->
7o (hFHED, 1998). F T, 1992 4E3f TFIC 2021
EORERE T 2%, O E % 1997 4
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W Hil Z TRt 2171 o Tz, SEEAEAREIC OV TIE—
TCHCTE 73 UM 2170, Tukey-Kraimer F7E 0 % 8
FERIC Ko THET EDEWICDOWTHET Lz, &
BT RAZ—fRE, EEEVOMEAKET— 2%
logio(n+1) TEL Tiro 7z, Fiz, SBEMED
R OWTHSMITT % 78I, Shannon-Wiener
DERREAEEO I EE 2RI Uz, 2T
& R (versiond.1.2) Z W TIro Iz,

m R

1981 FEM S 2021 FEFD 6 A H 9 HIC BT 55
AR EICDWTIK 2 1IC/RT. ABFFENM TN
2021 FEDEEIKEIE 1279 mm TH D, 1997 F£D
1358.5 mm, 1993 £ 1297.5 mm I KN TEWET
Holz. Fiz, TNFETIKFEMEEZ S E L
TeFHBE D HE N E NTEICDWT, JHEH & F0hi 3
MHOE 4 hARBOGEIR/KEZ RS 5. 4 0 H
BZNZThn, 1982E5 A58 H (Hkf, 1998),
1983 4E7 AN S 10 A (hiAf, 1998), 1991 45 H
M5 8 H (PAf, 1998), 199245 AMH 8 H (h
K, 1998), 199345 H 58 A (H A, 1998),
1994 4E5 HA 6 8 A (i kS, 1998), 1995 4E 5 H
5 8 H (K, 1998), 199745 Ah 5 8 H (F
FEH, 1998), 2006 46 Hh 59 H (BHIFEH,
2012), 2016 6 A5 9 H, 2018 FES5 A58 H
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Table 1 Macrobenthos collected in Lake Shinji in 2021.

Abundance Biomass
- Occurrence ) 2 ) o 2 ) o
Taxon Scientific name Japanese name frequency (%) ind/m* Dominance% g/m Dominance%
Annelida
Polychaeta Prionospio (Minuspio) japonica ¥ < kR E#F 71.43 183.04 3.22 0.0443 0.0088
Laonome albicingillum EHETY) LY 2143 12.50 0.22 0.0289 0.0060
Polydora sp. R FSEBO—E 14.29 4.46 0.08 0.0003 0.0001
Notomastus sp. JRRRARBED—TE 10.71 8.93 0.16 0.0152 0.0033
Hediste sp. hodhA4EBOD—5E 3.57 0.89 0.02 0.0105 0.0023
Oligochaeta spp. BEHE 25.00 17.86 0.31 1.0058 0.1930
Mollusca
Bivalvia Corbicula japonica Rdc 4 96.43 2002.68 35.27 457.1935 98.2420
Arcuatula senhousia REEFRAA 3.57 0.89 0.02 0.0712 0.0153
Gastropoda  Iravadia elegantula hoTFYiR 82.14 3021.43 53.21 6.6452 1.4279
Assiminea japonica hoH¥ranhidq 21.43 44.64 0.79 0.1237 0.0256
Arthropoda
Insecta Tanypus sp. EUARYARD—TE 67.86 112.50 1.98 0.0646 0.0119
Chironomidae sp. ARYHED—FE 10.71 5.36 0.09 0.0028 0.0006
Chironomidae sp. ARYABEDO—FE (IF) 3.57 0.89 0.02 0.0002 <0.0001
Crustacean ~ Gammaridea spp. IaTELE 35.71 72.32 1.27 0.0469 0.0097
Cyathura shinjikoensis SUDARFTIEIFFITY 14.29 14.29 0.25 0.1510 0.0324
Cumacea sp. H—<BHDH—7E 7.14 1.79 0.03 <0.0001 <0.0001
Neomysis sp. A7 IBDO—FE 7.14 1.79 0.03 0.0055 0.0012
Sphaeromatidae sp. aAVILVHO—FE 7.14 19.64 0.35 0.0376 0.0081
Decapoda sp. +HBO—fE 3.57 0.89 0.02 0.0280 0.0060
Others
Turbellaria sp. DALTVED—7E 35.71 149.11 2.63 0.0276 0.0055
Nemertea sp. HMEHMDO—E 7.14 2.68 0.05 0.0014 0.0003
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Fig. 2 Temporal changes of the mean precipitation (Matsue city) and mean salinity
of bottom water of Lake Shinji from June to September for 1981 to 2021. Error bars

indicate standard deviation.
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Fig. 3 Comparison of abundance, dominance and occurrence frequency of macrobenthos in
Lake Shinji in 1992 (Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this study).
Error bars indicate standard deviation. Different alphabets indicate significant difference by

Tukey—Kraimer test (p < 0.05). (a) Occurrence frequency. (b) Dominance. (c) Abundance.
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Prinospio (Minuspio) japonica
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Fig. 4 Comparison of spatial distribution of Prinospio (Minuspio) japonica in Lake
Shinji in 1992 (Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this

study). Circles indicate number of individuals.

(P IEH, 20200 THo. TNHDED 4 0H
DERHFEKBICTDOWTLIRT % &, 1982 448 408.0
mm, 1983 £ 7Y 858.0 mm, 1991 4 A% 837.5 mm,
1992 4EA 499.0 mm, 1993 4EAN 1297.5 mm, 1994 4
M 606.5 mm, 1995 4EA 746.5 mm, 1997 4EAN 1179.5
mm, 2006 4EAY 828 mm, 2016 4EA 676.5 mm, 2018
M 6665 mm TH > 7z (K57, 2023). TN 5
DK 782 mm TH D, 2021 4ED 1279 mm (6
AMS 9 ) 138 1.6 f5IHHS L, 1993 FEICNT
2H/HICE -T2, Tz, 6 ADS 9 ADWHIOERE
DFENE, 6 HD S 9 HOEEFKE & 550
DOHENH O (r=-0.5), [F/KEMD 1000 mm % iH 2
721997 4Ei% 1.6 £ 1.3 THAO DR BN > 7z (K 2).
— i, AWM THh NI 2021 FEOK H O,
6 H8SHMT72, TH1IHMN74, 8 H2HM35, 9
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EX, 2B TIEVY < b A A Prionospio (Minuspio)
japonica D 711.4%, WAKEIY TV~ F I IN
96.4%, 7177 F ViR Iravadia elegantula 75 82.1 %,
ZDEIM ORI EEEY R EMOE > XY
71 @& D —F Tanypus sp. HY 67.9% T W EMICH >
e, Fl, B ORI 1 m? Y7z b OEAEED 100
AL ETHD, YR EIIVIEATTF VR
2000 A ZEHAZ Tz, FICY~< MY IEHA
W1 mm DL A 1827.7 + 26294 {E{A, 1 mm AHEA
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Fig. 5 Comparison of spatial distribution of Corbicula japonica in Lake Shinji in 1992
(Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this study). Circles

indicate number of individuals.

fiATH -7z, Fiz, ImYz0DEERIL, V¥
XY YIN82%, HTTF VRN 14%THD,
2FET 99.6% 72 5Tz,

1992 4F, 1997 4ETFIC 2021 AEIC BN TZENF N
PRES NI YO B, B, Pk
B ZK 3a<IRd. YRV YINOHERL
OIS 1L, 2021 4EH5 1992 4550 1997 4E & [t
L CEWHEAICH > T2, JREOY I R AELTDH
BIBREE 71.4% 05 81.3%, AV 7@ B
$625% M5 786% DHEIPFHICH D, FEFEDMT
KEZBEBVHDRONEH ST, —HT, /JFIA
2 A & D —Ff Notomastus sp. D BB X, 1992 4
M 93.8%, 2021 4EMN 107% TH D, WIETAEL
Hixol, BEOELEEICOVWTHRS L, 19924
X/ P AXA||O—FE, 1997 I EEHE, 2021
FERERE MRS ED > . i, EREEE 1992
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FER 1997 HEX DL 2021 FETEEHEN 4% LT 5
540% K& ER U 2021 FEOFEE AR,
1992 50 1997 4 L Lhig U CHE RN E EICE o
7z (Tukey-Kraimer #27€ ; p < 0.05). F 7z, 2021 4
&, 1997 L G L TV~ N AEA R UEEEED,
1992 FE R T 1997 R L LR LT/ P AR A gD —
BN ZENZFTNHEICDED 57z (Tukey-Kraimer 1%
Ep<005). —/5T, BEH Y~YRAEL, &
ERNT /) FYAZABO—FZROVIAMIE, A
HEMNED bNEh -7z (Tukey—Kraimer #i7E ; p >
0.05).

JRIT, 1992 4F Jg OF 1997 4F & LR Al fE 7 5 FE D
ZER DRI DOVTKANSK8IT/RT. YRR
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i, 2021 FFITIE DO H MM S KGNS DT ToHfa
LWz (K4). Y= b2 U3UE, 1992 F13i T
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Fig. 6 Comparison of spatial distribution of Gastropoda in Lake Shinji in 1992

(Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this study). Circles

indicate number of individuals.
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Fig.7 Comparison of spatial distribution of Chironomidae spp. in Lake Shinji in 1992

(Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this study). Circles

indicate number of individuals.
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L, V< bV IOEEGFOZEMNEET > T
X7z, EKAEEVOREMSX, UKEZEHOEEG
METT B EDHSI EEZST. UGS NT
FEHRICDOWNTELT B,

AL TN Tz 2021 F£DE H O FEE L0
EMS ImOHESE,6 HSHMN72,7H 1 HA 74,
SH2HM3S5 9HTHMN13ThHH (HEREA,
2023), 8 HLRMICIKE F L7z, DHEiEh (1989) 1,
1976 A 5 1987 FI T TEMFHB Z 1TV, KE
DZHZSHE) & Z DRSOV TR LTz, ZOFEER,
FREHFOOEN S 1 m DK H O, 6 H
M52, THM36, 8 AN 54, 9ANAS TH- 7=
(EIZH, 1989). LIeh->T, HoMERLZS8
HE 9 HIZ, 1976 EM 5 1987 AED MK © &1
<, RHEMEDE T TV, 8 AT 9 HIC KM Y
LD CTDIE, HHEPNZERKRZ UL S i
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Gammaridae spp.

1992
(Data cited from
Nakamura etal. 1993)

1997 .
(Data cited from Jesm
Nakamura etal. 1998)

2021 (This study) IR

X 8
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1992 4 (FPAFIE A, 1993), 1997 4F (FRAFIE A, 1998), 2021 4 (ARHFZE) D

SOBOA AT CEADZEM GO ROYA Xk 7z R 9.
Fig. 8 Comparison of spatial distribution of Gammaridae spp. in Lake Shinji in 1992

(Nakamura et al., 1993), 1997 (Nakamura et al., 1998) and 2021 (this study). Circles

indicate number of individuals.

AN OFREDEINDEK & flrE N, FELAE
HIC KD ITONIKEREIX 7 A 1 HIfThbh Ty
fel s (EHLAER, 2023), TH2HMGHE
T25EED 9 HOREMTHbNTZ9 HT7THX TORE
IKEICDWTHRE L. ZORE, 1HHH 30
mm ZHZ 5EKIE8HH D, 100 mm ZHEZ 72D
FX7H7HD 1745 mm, 7 A 12 H O 124.5 mm, 8
H9HM 139.5mm, 8 H 13 H® 101 mm T&h - 7= (&
KT, 2023). Fiz, O OEFERE & FHETH
WDDIEEHE I ADHBENH 5 T EHRE TN
TED G2k, 2007), 2020 FEOZEF) | Fi Gl
SEUIFR) D 6 A5 9 Ho H e (E 558,
2023) & 6 HM5 9 HOMYLTHICHT 14 HDRE
ki (KSUT,2023) ICIEZIEDOHE r=08) HdH-
fe. LIE- T, 2021 SIS B W T & EESE P 7%
KU HIKIC & > TEGY I OFE A REEFN N
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L, &M CleEZ SN

AL TR 5 & Utz 1997 4E1E, & RIS
TSI HERE U 72 1A)E D S0 1170 5 D P DFRA
WS FERRE IS K > TV < b Y 2 DOREBIEDN
o TN TN (BREKERERS =
JIRENKIE Y, 1998). TDX SIS, KINMNUTH
KIEFY MY I 20 EEEYHEICKRER
WER5ZBEEZLNS. REMTIE, Y~ b
VYUIRBKENI~4mEROME LMY
O AER L (PAf, 1998), i RE DI EIC
X, YREAEAR/ F AR AJBO—FEHN0 5 L
TW3 (Fikk, 1998). 2021 FFlICBNTY R Y
20E, KESm EOHISIC BN TEREINTE
D, FOMADREIZS mm LU FTH-o . SEi
WCBWTRBOMEKIE, 5mECIEFEAEERL
TWVWEWZ e G, FESRHKIC K > THEEN 5
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Bray—Curtis dissimilarity
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group  Year Sites
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1997-SJ-57 1
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1992-8t. 8§ ——
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1997-SJ-15
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1992-St. 5

1997-SJ-35
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1992-St. 11
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1997-SJ-30
ale :}—'_J
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2021-SJ-59

2021-SJ-50
2021-8J-27
2021-SJ-38
D 2021-SJ-6

2021-865 ———————

e — -
2021-00-1

1997-SJ-67

2021-SJ-19

2021-SJ-17

2021-SJ-52

1997-SJ-65

2021-SJ-8
2021-SJ-66
1997-SJ-66 S

1997-SJ-61

2021-SJ-1
2021-SJ-73

2021-00-5
2021-SJ-47 -
2021-00-3
1997-SJ-47
1997-SJ-74

2021-00-6
2021-SJ-67
2021-SJ-30
2021-SJ-61
2021-SJ-15
2021-SJ-25
2021-SJ-35

2021-SJ-36
2021-SJ-57

B9 1992 4F (HRIE A, 1993), 1997 4 (FFARHIE A, 1998), 2021 4 (AHESE) DIRIE
DALY D T TAZ—fRTDFER. A, B, C, D (D1, D2) 3ZNZNDIIN—T 7%
RY. RRRESIFEELE 0.6 2K Y.

Fig. 9 Result of cluster analysis for macrobenthic community of Lake Shinji in 1992, 1997
and 2021. A, B, C, DI and D2 indicates each cluster group. Dotted line indicates the value of
dissimilarity 0.6.
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B Prionospio (Minuspio) japonica
0O Corbicula japonica

Other mollusks

O Oligochaeta spp.

LN RIS

8 Notomastus sp.
B Gastropoda

m Chironomidae sp.
B Others

100% - — o
80% %

60% A

40% -

20% A %%

Clusie] A E c D1 D2
group

x;f 2 6 10 12 12
I’\r'lz of | 5125 4710 22030 73120 | 207075
H 0.38 1.03 1.68 2.31 1.77
J 0.54 0.58 0.73 0.93 0.71

BI10 57 TRAZ—DREEDHERE. A~D2 3TNTND T IV—T 7717

Fig. 10 Taxa composition of each cluster group. A, B, C, D1 and D2

indicates each cluster group.

BREnizalgeind 5. KEEH (017) X, I
BEHEETIVALBRE S mm OV h VI
10 m/s DFEH EUC K O FHE I OR 50 % OREERIC
BOWTRBBEIINAEETH S L EME LTV 5.
2021 7 H1 HS5 9 H20 H GR&ERIGGRTH) £
TIcBT B EEIE 8 H 8 Hiclkd k&L, Fm
A 9.3 m/s, EAJEGEMN 20.1 m/s TH D, A
A 10 m/s ZHZZHENX T HTHh -2 (RBIT,
2023). Fiz, EANEGEMN 10 m/s ZEZ 727 HEO
1 RS 72 0 O J&L A & 10 mis DRI DWW TR
&, B br~vhrrh, HILETH O, Mk
M/ NT 1R, IR T o THh -7z (KRBT,
2023). T 51, 10 m/s OFEGEDEH S N zwikid
7 m/s QJEEDMEHIENTEO (KSR, 2023), 58
JEUCPE S PR FEAE LTz REEN SV EEZ 5N
. b b, 2021 FD 7 H~ 8 H T,
jiE 0.5 mm FEE DA RIS X > THE N UHE
FEh BRI IE I NI TREENE 2 5Nz,
Zeb U7z K 91 2021 1% H 7K & AY 100 mm 72 #8
A BWDNEIAERNICEE S T2 e B EF TR ED
SEINCIRA T 2O =AML, MNOWE
PFRICE L ERIELIZEDEEZEND. ThIC
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KD, 2021 FICHREINTZERE 05 ~ 5 mm fEED
TEADSIHD BB U 7z E K & LT, AN
JUDFEMEIC AR RN, AT O
FOEDBANCfE > THLE L 7z [ REMEDE 2 BTz,
bk EnD, 221 FEFOV R Y2, 1997
FE L [ARRIC KR N O KSR [ARFIC 2 C B siiElile K
WERZF TN e E N,

AWFZED 2021 FEDFIHIC BV THRE I Nz
KRBT ATETH O, 2214 FDRF FFRAHA
Arcuatula senhousia | WP H#IC T WV AKKE) 11D OH-6 I
BOWT LEAREI N, &, 1997 4 (b
EA, 1998) %2006 4 (BHIEA, 2012) & Lbig
U TEABNIARZ LA LTEY, ZOEKELT
&, KR UOHIKIC KB M EAEZ BNS. K
BINCBI SR FFRAAAZ, ORI
WAEEIT FBICZ K ERLTWS EfEINTE
» (Kurata and Hiratsuka, 2018), ZOfE{AEEL, L
USRI R O HIZKICPE S B M K > Thiv D
T >TW3 GHEZD, 2015 ; AHIEAD, 2018).
HAED (1997) 1F, HEOMMHEEBRICK > TR
F RN A MBS B EDMEN T &2 L
TWa. IN6DT e D, ARFFHUCBWVTKREE
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(a) 1992

Cluster|A|B|C D2
group

K11 7IAR2—T7)—TDZEM . A~D2 IZZNTND T I —T 71T
Fig. 11 Spatial distribution of each cluster group in 1992, 1997 and 2021. A, B, C,
D1 and D2 indicates each cluster group.

IZHBIF B R b R FEZTA DR DIz - 12K
E LT, KMMNOHKIC X ZEEMEITPE S 8N
ZZbNiz.

1992 4F, 1997 4F, 2021 £ D REMIC BT B Y
X MAECADHE RS &, 2021 FFICHT CTiAE
B BRI T R LTWSAREMENE Z 51
2. TNSORBELUNDEDY I N AL DT
IKDOWT RS &, 191 £ Tidiloetk (EEIED,
1992), 2018 4FIZ D PE{H] & d il D —EBDIFEESIC
DOHERDER SN Tz (BANE A, 2020). T
DL, YIMAELTDHHIFEICL>THRE-S
TW3H, 2000 FELARTOFAE T, WO HIEAT
EORHEKICEBNTEZ L OEANERREE N T,
fz. 1z, TNFNOEDY S N A A O #EA
BUE, 1997 FED 1992 FER 2021 FE & HlE LT, A
HicEZh ot BkED Db -7z 1992 FIC A
B Diaho 28K E LT, 1992 fFIC BT %
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EEHE A 1997 450 2021 4E L Hlg L TRV T &
RIESEDIRFIBEDER L TV SRR D S, T
X M AEADEENFIRE NS EKX E LTIE, A7
BEOKFNEZENTWVS (K, 1998). 1992
XA ZKOMBIN DR <, 1992447 ADJK
J& DR EBZEEE X 3 ppm BEETH -z (h
REA, 1993). —J5TC, FHERAIEXIEETHD
(FPARHE A, 1993), HiSIC K> TRBRBEEAVEL
TWwiztHlrEns., chbocehb, 1992 4F
E—EOHIC BN TY S B A A OfAEE O T
WEL, 1997 LG THEIWC Doz
AbNl. £, YSMAEAFEED 1~ 15%
OAEEMEUKETH D (Ggih, 2003), KI5 ER
BEOEMMEIZY < b X E A DA O BRI 7
HEHEIE NS, LEE U 3 ERI O Thg AL
DEMN-> T2 1997 FiX, KOBERISGHENMTDN
TWiz. —iT, AEED»innoiz 2021 £, 8
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HE 9 AIEEMENETTED, 81 7 AOKE
DERENMR LI EHIE NS, chbol eh
5, KMMUOHIKNEC > T24ETIE, #38 U7R
IZ K o TIEAEEYMMEE I X & EN TR
k0, ZRUTSTTY Y b AT OMEEED A
I SAREME R S Nz,

J b RAZZJEO—FEOFEEAEENE, 1992 4
5 1997 4E & FEER L C 2021 (EMNEEICEN S 2./
MY A2 AJgDO—Ffl, & - P UkEIic BT %
FEAEETHO (EHEIZD, 1998), 2021 FOKIE
ERBEOEBEIC X - THEARED A Uz iTREMED &
5. £z, BEHOTEEAEBUL, 1997 F£HY 2021
ELHBLTHEREICEZ > . FUkilicklr 28E
FOMIZIZE A ETTDNTWERNT &h S R,
2018), 2021 fEIC BT B A ERICDOWTIEAHT
H5. —HT, 2021 FOMRAENT 1997 4 & Ebig L
THRNWT s, (BRI EREE O AR DME (4%
DIMCER L T B AREENE Z BN 5.

7T A2 — Rt OKGR, FEMIC BV TKRH M
UHIKD T > 723561013, BEMEICEELH S
TEMNRENTZ. £T, JI)L—7 D1 IHAI R
BEOEEEMFEOMAGDOETHD, BKkED
Dlaho T2 1992 FEOHT TR SN T Wiz, — )5
T, RWNUHKOE T 572 1997 4 & 2021 412D
WTHZ &, 1997 I PHFED B i R EIS T T
T I)W—"T D1 BIED 5 T, i ysimmm 5 dijF
T 7 )V—"7B, D2 BJAH>TWiz. £z, 2021
FIRIFEEAEN I —T D2 THEKENTWE: D
0, 1992 4 & g U CHBEMIN D 1997 4ED KA
LV OBEEME L, WHREHSEETTIV—T
B % D2, 2021 IR T I —7"D2Ic &k L
Tz, TOZEMEMRIC ED X S HREZILTH -
eh, FNFNOT)IN—T1 5D BB OEG
IDOWTHRS &, 7I)V—7 DI OZEHOEEHH
0%7ZHDHBDICH LT, JIV—TBD2IE5%
DIRE, ERITBENC RN TH S, Lizhio
T, 1997 40 2021 4RI BT B JEAE LY O RESEAE
DAL, FITUKEZEFMRAD LIz itk s
LEZ BN Tz, IR K ORASIY)
DI R B FEME DL D—MIC K> Tz L H 5
N5. LLEOTKMEZEHOES DK T L #iRIAEY)
DILHOFERE LT, Z)V—TBoD2IE, Jib—
7Dl LU TEREMERLIZEEZSNS.

COEIIC, KNMUHIKIC K > TREEREDZ
td 2 Lidmds—7, FAREOREKIUHIK
MELT 572 1997 4F & 2021 FFICBWOTIEREEY ORE
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LN RIS

EREDOZRIEOAETC . ZOERKELT, K
N O KDL T - 72 [ & RS H o B U E
WINH ST ENEZENS. 1997 FOFHEIX T
H31HMNMS 8 H2H (FPAHEZ D, 1998), 2021 4F
DOFEIZ9H 21 HA 5 9 H 27 HIZhIF Tirbn k.
iz, TNZTNOFEOPFENFNEE NS H{IC 100
mm DL EDOEKAH - 7= HiZ, 1997 037 H 17 H
@ 126.5 mm, 2021 A5 8 H 13 H D 101.0 mm TdH >
o (G%7 2023). Db, KN UHI/KDBET -
THhOHRENERES NS X TOHEUE, 1997 £
14 H, 2021 FEN39HTH D, 25 HOEWVWAD -
. 2O, WETE, KNNMTHIKICE>T
5l EH T N ARG EREOMKRGHIH A B> T

D, BEMEIGEVVDECE—NTHh-T2EEZDL
Nns.

AWHETIE, KNKROCHKDH > TE L > T
RICHNEE NI RE O KA EYIBHE O &S Rz
LR UTehs, HRlSn S5 & U T2 4R 13K 20 £ DE WA
HBHTEMD, REMNZEREZIC OV TERGTT
BZRENG B, A, 2021 IFICHREI NI RE
FHE KT 7 F Y RTH O, AREIZ 2006 4
R 2018 FEDFAEIC BV T L  DIAEEDRE X
nNTV3 (EHEIED, 2012; Fkf1ZH, 2020). — /5T,
1997 FELIHTOMETIE, HEOFEEINTHAEL
(BEEIZEA, 1992; FkRHED, 1993;1997). TD XS
2, AT 7 FYVROEARE DI, 2000 FKIC
Ao THHFICE T > T3, KEHic LT 2000
ELRRICES C - TR R R A (L D—D & L T,
IKERE CF A Y Y Y& Potamogeton anguillanus *9
WY Ak E Potamogeton pusillus) DEXNH 5. K
OB, 2009 fEDFKT A H 5 FEI D = IC
BWTONY FTHERINTEY, DRIEZDDHED
IERLTWS (FH, 2015). %7z, 2021 fFDfEE
MO H5 L, WEBICBVWTEZEEINT
WA EMND, IKEDOBKIC K > TGN
BEANL, A OBEINCE S L T0 3N S 5.
Lo T, SBIBKEDER L T TF Y REd
DI EEDOBRIC OV THETT 2080 5% 5.

AWFZE & Ak YRR O A B 79 % KN
K O HIK DB DWW THRGT L7238 I3 82 < 17
#3935 (e.g., Cardoso et al., 2008; Gaonkar et al., 2013;
Nishijima et al., 2013; K#¥E7/H, 2015). Nishijima et
al. (2013) &, JABEROKHENIF BN T 2004
EMNDS 2010 FITHT TEHNFEZI T, 7T AX—
FREMTORERD 5 KRN UHKIC K> THIERT TN
T DALV b =M B D% b & OYyR
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IERELICPE S BB REOZ bz @G Lz, KA
A (2015) &, TEEESEE)IRRINCB W THEVKE
IZ )V b — ki LB OB A Y DTSR, AL,
HEBEORDIEC O, Z0%, BUKFTOIREIC R >
7= & 2 U7z, Gaonkar et al. (2013) 1%, £
R PERE DT IPKIRIC BUWDTE > A— T PE S Babs
ZAEDNERAEEYIBHEORFZLICBfR L TWwE T &
B IEAEEY O ERIEL, SHOEMAK T > TV
5T e mHIE U, Cardoso et al. (2008) 1%, RV
NIV KR ICNIE T 2 E > 7 JNFENIC
WTHIKIC K > THOZEMED A UTe T & 2
L. TOXIICKMMLTHIZKIE, RISk
BT B KEEYEOZ( DD 25 | X T
LT3, A ENTEEZ L OMICB N THE
SISO, FAEARBOMEL > TED, 2021
£ HANS 9 HICB S H/KDOFE R KL 7z i5 3R
ThsEEZILNS. iz, AT INS D
DX DIV b — ki L EPEREREE IOV TR
N T EIRWVD, RIFFEO NS T % 5558 T
&, AIKI &0 S BASEMIKIE T 2 W ORHH & L
T, [EREAIMNEMEST 52U X773 %. Nishijima et
al. (2013) &, BKDECT > TWaERWEGEE, D
20%0 LA 185 % i S W O KN NS BUWTEER D
BRICHE 3 hY 46 BERI DR, 5% LA Ric/z->TzC &%
WELTWS. —/HT, R TIHEESED 1 7
HYFETH I HEMEINTEH L, WMOvukiie
UK CIE RN N O HIKIC & 28 ) BREE O iy
M KERBODD S, LI T, TRENDAR
IKIRD KR e O KD AR AR R EER IC M E 3 528D
R & Ui, UK TR 2R IR DK T
EEBREOZLAIEC BT &, FUKITIHEES R
BOEMILHNEZICEET S LEEZI LN

T & B

AWFZEIX, BE 40 FRIC BV TEFEOFEREK
BN 3IHZBHICTED - T2 2021 4£ 9 FICSHSER L TR
F&IINC 28 iz d & LU, KA EYREIC DOV TE
Ni&EZzTT- T, TO/MR, REMTE VY~ FAE
ARV NIV, AU TFVR, EVAAY A)E
O—F, AT, VALYHO—FEHME LS
LTEZbN. 2021 FFIcREINEY RNV
2F, WIREENCA, MO TEREINTED,
KM G HZKSR @RI FE S 1R, 2200172 EDA
T OFRELFHEDNNC X 2 VERHELO 87
KBRL T\ eEZ BN, £z, FUKEZEED
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Y R AEAR/ b AX R JED—FED AL
&, BIKEODIEM - T2 1992 0 KD EZICTT
bz 1997 FE L g L Tha L, RESREOE
I K > TA LIzrlREED B A 6Tz, 51,
1992 4E, 1997 4, 2021 fEDRHERIH 5 5REHRICE5
WTRKNMROHIKAER T - 72881, FUKEZ £
DOEGMET L, EEEYOREMEICZNET
5T NN, DLEDT ES, 2021
E9 HOREIMIC I 2 K EMREHEX, KMAT
HIZKISPE S BRI E R O Z DB, AN DOF
ERTUEDOE NN E DR (b2 KL Tz &%
Abnrz.

&

AMEIFBIRKELAF 27 ) =5t v Z—h
Fhi L 7z - SEAEEREO—ERE LTiTbh
To. F iz, WHNGHEICEBT Y VT IEEIRZ D
RISV IZE, [KEEY O - FEEILE
MR ZEAE YA IRR 225K B AR RE T 22 9E 2 O EFRRIC
CWhniziZniz, 1997 07— R 2 FiH 3 %I
BRL, HAS Y IWZEAT RO Rk ekt
FRIZT ERBATWIZIEW., £z, 2H0DEY
DOEFAICTIE. AT U TEHZ K DR TEH
Wizlzniz DLEOERRICEE L TR Z RL X 9.
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