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BEE KRWIIETIE, KRR (LU, KEFEREIES) DSEY 77 7 b O INZ M2 52
ETKENEEIND. 1994 FFIZKIBARPEIY, FEEMRHIOKENKEAL T L., ZOKMK
TR EREZ G EL, KEOERZRLZ. KENEZ -2 THEHEN EAL, &5
KEDOAEREZEL, BFIE A5 EEI Uz, BRI B S U 7K BT K I 2R, W ICEs L
MU R A oT-2 80, MMWIATRR EZE T2 ORBEN AL, BRI 2011 FEBKE
AOE FEEAREHNBAIA L T2, a1 X O FEIK BRI RT TR EBEZALNCT D721 A
BERAEZ O T TR 21 T 7o 7.

FHA T 2010 4F OKBEAVEOEHEZERT) & 2012 4F, 2013 FI T72-7=. MHIC 10 ADHI#RE
1,600 m [l CHE HFICEREL, ARERMEA SR UM IR B2 T U7, AR T
LM IZ K SWT, KEREK 2 40m Z &/ Hydrilla verticillata #:7%, v =%
Potamogeton maackianus ¥, 2 FEOIREREIED 3 XA\ T T, [RIRHIEEE B &k R sk
L7-. BERAA T LR EIC SNV T, R ENOHLEICHBITABAIEEOHEEM A 1 L7-%, 800
mZ LB fEA R D 7. FLTELIL 800 m Z LD SELEN, RO HAF R IO PVI (%) (K
FKBC HDDEE % 100 43R TELIZLD) D434 % GIS Z2 AW TERR L.

P OB FEELE PV (%) 1%, 2010 4E78 12,757+ 1,513t 3BL T8 32.8%, 2012 4E78 4,236 + 1,255
t BLN17.1%, 2013 4728 7,836+ 1,553t BL N 25.7% Th-o7=. ZHHDFE ED, BifFfEL PVI
(%) 1Z 2010 4ED>5 2012 FATHNT TREMETLZAY, 2013 FIIZEIE L2 Enbhotz. 2ok
AT, XEWEAEER W OKENERL TDEEZLND. 2012 FEFORTMOKEZTHRT2L25,
B IL 2010 4, 2013 4EL LB CH BICIRL, Wi 770 7 EORIECHS Chl-a 1T 2013
2010 FEIE L THEIZE -T2, S RIOFHE CIIKENRIZZREODREZR DL ER &
IR RRAT T DR o7, L, KEOBRFEOZENZIIBREEHEEEY 7T 7 BREb-T
WDHZENRIBE T,



[XL&HIZ

R I BRI B KN Z 72, BN 48 DA 14 FEF TRIMEEEMO KN
L QENIKRIEZE B2 2015), 1994 4F0 ZHNITEEEEAERMDDRKT-1.28 m £FTK
AEAME T U2 (I HRIED 1995) . 2K, FEEEWIBIISHR G BTN BRI O KA OB Z B 4a L
TELKR, &IRDOFEHE ThHD () IAKRITIRZ RS 2015).

— 75, EZEOKNAR FIXFEOTEAKFE) DA B A RAEL 72 & LTl (2002) 1KAAR FIZ R DK
DB 2L T D 3 SOBFRIT L > THIAL: 1) AKMOE FIZ X0 IEITR  AKIRIC ETHRIEL,
JEAEORERBR X E L. 2) BRI O SEIC LV IL A A R AT Re e /KIS K L, Th KA
FREAELTC. 3) FDFER, IWAKME IR CEERERA (LT, FifErES) CHEMIMOIHIZE LA
BIRAYLR L.

WARNERX, B 7T 7 b RO EAEHBL O KR 7T I DB FFFEND 2
DODORRKEN L OKEE L E T HEE 2L TS (Scheffer et al. 2001) . JE/KMEMEEK IXEM 7 F
INATHRE OO FTZIEMET 2 (Timm & Moss 1984) DT, B 77 7 b ~DIEJEMN
K FLCEM 77 7 b i3 8hii+4 % (Matias et al. 2012) . ZOFE R, Fi¥ 7727 MK 4 iR E
AL, R 7 T2 7 b OHIINTHI SIS (Wetzel 2001). ZAUTZ T, LkWES I ~7Z
I HHH T REZR SR IR O A SHLH0 T, KB IFkESND (Wetzel 2001).

UL, KBS RITAR D ER T S it (2009) 1ZPL/K S O Tl 70 B3 r il O KB & B L
=7, KA A S X I LIS L QWD 2O TH A T E L I KA O JE
IR EARRIEE 72572, AT EORIEIL, KEAHL ORI DI DO AT 2— 2K EZOX, =
VOV EAFIESH T ZENRR TH L. PRI O IO R RSB U 7K SO/, AR A
7)) 2 — 72 Bl X > TYIRTSI, NERE 72D b TREZ o7, TRVl IS IS L > TR EIC R £ T
AHL, TITHEWL, BERAK-T-ZETHRBEIZ/ Tz,

ZIT, BB RITEEWEW O KED EZBREL, TRKEYOBRFEEZ D SEHRZEERET
EXBIA LT RIEZRE LTI A ZARDNPOIRE FIETHL. 2O IEITILAKED D TR EL S
B, BEMMBUF B KHERF CED RN BV EB 2D TCND. — T TR DR G721 X0
WHRBAMOED LN TFiELSH D, ZOFET G REEZ D SELENTEDLN, thkRH
HERELSLTL, S CHARNTICRESLEEZLN TS, ZOTFHNCEESNT, BERIT 2011 4
EDNDIRZEE R EEARIEANATIRo TS,

UL, MOE DL AKRERE VR 2 M T T 288 % E BRI SR L7 AR 2R 1372 . 22 CF& 13X E
ARGENTAEEDRID 2010 4, AVEVBIAAE D 2012 4L 2013 FITABERIIHEE WV CILKEEY
BV OREE B A Z AT, 2 LI 2RO K O BIF RE2HEE LT, ZORFEESFEOR
I CITRDNTARZZE LR E W OHEE B E LT 528 T, XOEY EEDS B #IC 5 2 D5 B a3
fiL7=.

10



ik

1. SAEH
BRI (LLT, ML ES) THY, EEIMSEROI LEREM KB LI OFEAZ L TW)5. B
DONHIKEIE 3.5 m, [HAEIL 54.5 km2, iF/K&EIT 2 /8 m3 THDH (WEIREEWR e 2—).

2. BEERE

P AT T 2KEDOREE &,
L, KR O G A A S RE PR B
(Lowrance HDS-8, AT/ F y-A%
¥ ) EHWT T e o7z, R FIRE
DIFF1E L F AT IO, L
P HPRE - HKE T 50 cm O
N2 KA AR ORI R &
L.

FE TS O EEE W KA B I TLR

BOMICSEMIICIENS 8 Wi, e R
T HEAE 1 B 800 | R I, BRI R ARERT. MRERES

S N %F’aﬁlﬁr‘é'ﬂ:?r 10 ABRELS. 48, ETAHEULIGAIR
(1) s O MEEE LT 2010 (L10~L3) DRFEAS 1,500 m THAAS, L2 & L1 [FHETIR
[ 2012 4. 9018 FEL Tk, TEEEIE 1 SEABDI0, BROMIA 500 m 50T
. BY, L2-3 OEEEEF 2,200 m Lo TLNVS.

FEERIE DT =4 — T U SV R B 1 T oK FEE OB % SD 1 —RIZR(FLTZ.

A% 2010 42 10 H 22 H~11 H 6 H, 2012410 H 6 H, 10 A 13 H, 20134 11 H 23 HIZ
117070, 7035, 2013 O EITREAR BOT-DFRAER 2010 4, 2012 FIZHE TR TV,
RS 2T 5012 GPS THICAEA MR L2035, 10 km/h LT THIATL CRIAATT/2-
7.

3. RIFBRIG DB AE

UG Y, S 27 4 —Y Dr—2— (http://www.kt.rim.or.jp/~jim/index.html) J 04
v m—RL7c Sonar Viewer Version 2.1.2 % FHU7=. fi##T %t 5:F v /11X Structure downscan
LU, fi#bTERB%1X Chart Options @ Color Mode %” Color Blue Background”, Surface Clarity %~
Medium”, Advanced Signal Processing (ASP) %#”Normal”, Auto Sensitivity %~ off” |ZF% T L7-.
F7-, Sensitivity Dfiix"50”, Color Line Dfix"40"IZFRE L=, ~ VAN — Y /LM IZEHE T
Bottom Depth (/Kki%), Cursor Depth (¥R — Y V&G OETZRALNOKGE) , M, RELFRR
S, ITNODOHEHREZHBRITIN->T 40 m ZTEICHEARY, iz, £, Mo SETho7aE0
WLt = BB OMEND, 2 FORME A7z, 7o e I TR &
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EAREDEIR.

DIZKL T, B = BRI CTHEIUDMEWNEWVFHERH -7 (K 2). %@%ﬁ%#ﬂ%ﬁ%ﬁékbf%
IKFEREYE %, WA B COmElE, b=, BXO 2 MOREARE (K 3) D 3 XA 1200
7.

4. BHEERV PVIMEFHEDHTE

MY BT &2 1 o5 R V& 531 0 BUAF Sl A 07 & 132> 2006) 2 FIW T, TR O BIF B OHEES
40 m Z LT T IRIZBUFEO Y%A 800 m Z &R, GIS AV CEUF &0 X & Bk L,
P 2RO RBUF BOREEZIT Tz, Fio, BONTKEEREEOT —2 %AV T, KEIZEDD
AR D @SS OENGZRD, 22K DIRFEN KBRIZ H O 28 G %% PVI(Percent
Volume Infestation) &L7=. BifFEEFEEIZ, GIS ZH W CRIMIERD PVI 54 Xa21ERkL, PVI ©
N fE AR T,

5 BEEMEMOKERUNYERY@EHE

A E1TI2 o7 2010 4, 2012 4F, 2013 4EIZBF DO /KE (T-P: Total Phosphorus, T-N:
Total Nitrogen, Chl-a: Chlorophyll a, iEHIE) XE ROREE AENO AT L. FHFEOEIZ T A
15 10 HETONRBEZ . 7285, BHEIZOW TR, KIESEOSGHT CII2ZIREICRVEN
JEAELHE T HIENTERNDT, fRDVITIKIEDIR N EE i i {1 0T O FE G U0 D335 W & 2 it A~
W TR LTz, TEARRE DX IR EFED 7 — 21, 2010 4F, 2011 4, 2012 £RICOUN TR ILEE

B BR BRI EE B BOR D AR IEL QU722 BB D172, 2018 AR XD ERY) dRfi 32 I
® HP TABAS AL TV KB B T & & FIV T B i f 2 sk b 7z
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1. GIS IZ& 2D BREFEHTEL PVI D5 A

TN BB DI KN DR BT &I, 2010 423 12,757 + 1,513 t, 2012 4E78 4,236 + 1,255 t,
2013 423 7,836 + 1,653 t LIz, £/, BIfF &L (X 4) 225 2010 FFIITBFEDIZ VK
W<, 2012 FEITBFREDODIRNKIEN LN ERbioT=. ZD% 2013 FEIITHFEDO LN
IR NI T=.

PVI %, 2010 4121 82.8%, 2012 4FI21% 17.1%, 2013 4121E 25.7% Cho7=. PVI D434 K (X
5) & 15k, BUFROBRELLELIIMEE THY, 2010 12T PVI OFEVKIEAE 72, 2012 4RI
X AAT PVI OfE T30, FRZ L3, 4, 5 THFITIK FL7Z. 2013 F12i% 2011 FLH#g LT
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2. 2010 M5 2013 FETHORIZFETHRETBEDHEFE
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1%, 2010 4F& 2011 1% 2012 4FL 2013 4F 10
IZHERTIRWZ & o7, BT 2010
ER RS EVMEZ RLTZAY, 2012 FFIC K&
UEFLIZENS DT
2012 4F(Z Chl-a RENEL, BHEN
RWETHLHZEN o7z, LinL, W
H&bIT 2013 fFEiCskEL. FT2, 2010 4F
I DELH ST Chl-a BEENMELS, FWH
BT B\ 2 B AT /KE Th-oT-.
WIZ 2010 4, 2012 4E, 2013 EOHEE 0 4,000 8,000 12,000 16,000
Bifr B H 20 Chl-a fEOFBIXZX 8 12 IRIFR(L)
Y. ZORNSKEOHFEIT Chl-a & 8. EE & Chl-a DHEEE.
DEVVMRIZERD L TERY, Biff&s Chl-a
BEIZAOHBEBGR THLZENR /3 H T2,

R2 = 0.9968

Chl-ai&E (ug/l)

=t

MYBRYIZ&->TREZFRAD LD

9 Kb, XY HY LLRT O BLAF B LERERA IS/ MR DXV 23T 72T 2010 FEOFAF B4 L
T 5HE, 2002 £ 2007 EOBUFRITZNZEH 10,735 + 3,030 t L1 9,966 + 2,656 t THY (5E
2011), IFIERICKEETHDLIEN o7, LIz -, 2010 FEORERMIZA O T BT BEITIFEA
ERB LD o T EHELE SIS, AN INC I E-ST 2011 F0BIE, XV EIST THRT &
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KELRGFEDEE

KEDOHAFRIIRZZEBR BT TR L3, D ORI IR AT 2 ATREMES 5 (X
8). A EIDFE RO TIIMZZERELHM T T Vb BOELOENEEE KIFL TODO0 5N
TER, Lol BUfFEEEY 770 7B EORIZITAOFEBEBER N HHZENA LN TH L0,
IKEDBUAFEDOEB LAY I, H 77 7 OB EOMIIIBENHHZ LD RIRSNS.

R DL KEM R FKEFILICHEETHETHAD

AN D PVI 3 15-20%% 2 D RADE L MERNG AL, RO 7 Z 7 DBUAF
BEBNRKELRY, W77 7 b DBIFEN/NSLKIRHTERHE STV 5 (Schriver et al. 1995,
Crowder & Cooper, 1979). PVI 7% 15% A D%E 21X, OBk 287 T 7R D
SR TRLRNDT, BT 70 7 b DEFRERNBAD T DB 2605, £z, H1F(2008) 1% PVI 23
HEAINT2IZE KENLESI, PVI DS 30%FEE T/ e+ /KE DS ESNDEHE L TD.

2012 £ PVL 13 17T 1%EEW 7T 7 b DRSNS TR DBIED FIRIZEVWME Th 7. Z Dl
®, Chl-a O K OFEAEE DR T 0, ILARMMEEE S =R 2 [ REMEN o728, 2013 FEDFKIC
1% PVI, BUFELHITHINL, Chl-a X OEH ESSCEMMIZH 7. LA >, 2012 FOLKEY)
BEUE DWW T —IWMEDOE DO THY, 2018 HFFE TRMDILKEMFER I TIKEL BT 5L QW edE R
HiLD.

R DKENYERY B E

HEIZIIARAERE DAFAEL TODIED DOFFY IRREL, IKAAEDIFIELZ2 B DFRL VIRRED 2 DD
L EIRBEDNFAE 5 (Scheffer et al. 2001). — DL EIRFENDHH) — DL EIRFBICEHZ a1
— AV TREN, HYDORIEZBZ DL IHBE THHEE X HIV TS (Scheffer et al. 2001) . iz
IEAKAER DB TODRRND KA Z IR E, W7 T 7 MBS L, KA HAFLE
LW DFRVAKR A~ TR HEE 2 Hib.

1930 FRD D 1950 FROFEIITI N BBIZKETHER D72, BRERENST2EBZZ BTN
OK BB GITARD B R AT RS 2009) . ZAUTINZ T, B CRAIDAE AN TebilTnZE
DK ENESEL T EHEER SN D UK BB CITARD EIR T fite 2009) .

LaL, 1960 05 1990 AN 2D N 2 B IR DK BTG A E LR N & R B b LIRS
R, KERFIRLIZEE 2 5D OKFZERITRDER AT SRS 2009) . ZOREHICFEIIITAK ED
FAET DA KEDFIELIRVIK R~V TR B DI,

Z D%, 1994 FELARE, B ARITAERKALITIR DD e Q&) KRR ZE B2 2004) . ZHUZXY, HIE
FHEDFBREEN G ES L, KENFOAER TELICRo7z. ZOWKEZEEICHINE, KEDTEE
LRI R OVK DR T DI 7 LT e RSN S.

ZLC, BUEIX 1930 4805 1950 ALl U T D IREA L A HEA TWAHZEIC I > TR ED A
BLRTWEREEL 2> TS, ZIUTNZ T, HAKOEFIRIED PRBWH D EREW A~ 7LD
EBKEDERERL TWDEBZBND. ZOREE, KEPRENZERL, NHAETE B2 RITL
TNHEZZHLIA.
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Effects of macrophyte reaping on macrophyte community at southern part of Lake Biwa
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*Corresponding author

Abstract In shallow lakes, macrophytes may improve water quality by keeping
phytoplankton at low densities. In the southern part of Lake Biwa, a rare occurrence of
severe drought in 1994 dropped the water level maximally down to -123 cm below the
standard level. This drought event improved transparency and light condition of lake
water, resulting in the excessive flourish of macrophytes. Massive amount of floating
macropyhtes drifted against the lake shore and spoiled, giving off a bad smell and
entangled boat screws. Since 2011 the local government started a macrophyte reaping
project. To examine the efficacy of the project our research group tracked concentration
of macrophytes using a fish finder in 2010 (before the reaping), 2012 and 2013 (after the
reaping). We set 10 census lines, separated by 1,600 m across the southern part of Lake
Biwa. We recorded the macrophyte community height, depth and type (Hydrilla
verticillata, Potamogeton maackianus and mixed community) every 40 meters on the fish
finder charts. We estimated the biomass for each point and calculated the biomass of an
800 meter area based on the average biomass of three types of dominant species and
made a biomass map GIS. In addition, we calculated the PVI (percent volume infested by
macrophytes) in the vertical water column by factoring in the water depth and
community height. The estimated total biomass and the mean PVI were 11,850 t and
32.8%, 4,236 t and 17.1%, and 7,873 t and 25.7% in 2010, 2012 and 2013, respectively.
These results showed that both biomass and PVI dropped greatly from 2010 to 2012, but
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recovered to some extent by 2013.The big drop in biomass observed in 2012 and the
resultant recovery in 2013 may be explained by the reaping treatment and phytoplankton
density, the latter of which was high in 2012 and low in 2013 in terms of chlorophyll A
concentration. This suggests that reaping is effective to suppress excessive macrophyte

growth specifically when phytoplankton density is higher than a threshold value.
Keywords: macrophyte, reaping , transparency, water quality

Received: December 12, 2015/ Accepted: February 26, 2016

19



