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D RZMEE D
wKIFEE, ZREE.
1. [ZC®HIC
FREFNIEBBEI ST 2 mIER RN 2D, HAED
DN L7cBR o ENRESND, ZNE T
B L G E ORI VWS T E
W BEIL., VU o — i E ORI R
Pseudokirchneriella subcapitata T& 575, HAKIZ
COMIFERLTELT, 262 HEEORENL
A < 72 HIINZ BV THERlErkEe 1T & A EAR
L, — ., BAROWIARBROEEREFEH T
b HEEWR E O ERERIC KT @ ET — 21X
INETIEEAEEHIL TR,
= 2 CARMIE TR, EEOMEBEORBR AW TE
DREEITV, EWFEIC X 2 EZMEOEEMEZ B S
MZTHZEEHME L, L2 L7225, OECD
TANTA RTA TRE SN DR O FEMERBRIE
TiX, BHOBEEREICK LZHORREZIT 512139
T T E £ b2 b EBEEORERIZ T S
W, FIT, wA 7 u T L— FOEICEEAE A
SHETHEL, ARhAY—FOEETLV—F)—F

—HZHWTAAL A~ 2ADOWEEITH . NAAV—T
v FORBRREEE LT,

2. M ERE

RERAEMRRIL, OBARORINTIEL 59 L TW5D

MThdI e, QWRENSEHNPOOBEZTLZ L

(EBEEOW)INZIB T 2R A KR ST 5) | OF
JNNEIGEBRBENOEZRET L L, FEEFEL T
LR STFEE LT @ FkEE Desmodesmus subspicatus
NIES-797 . EE ¥ Nitzschia palea NIES-487 . EE ¥
Achnanthidium minutissimum NIES-71, EE#E Navicula
pelliculosa UTEX-B673 ., ¥ 7 / N7 7 U7

F 1. ISTEEOREAOIEREIEL 5 MO ERAIC

KHEE (MNZATBIE N RER

HAETA DT L— 7 vEaA ERVERERERIIH T LI EE

Pseudanabaena galeata NIES-512,
i%747DfV%F7/t4%mmLt5@ﬁ
R AT o 7o, RBRGmE L LT, £ 11
leS@ﬁ@m%m%%ﬁ%ﬁ%bto%$%ﬁ
ABRRXEHX OECD 7 A A KT A 2201 (WAL
FIERBR) t-o7-, 72720, BEELE LT 96 X
~A a7 b— b JEREE 3000 lux, IR 22°C,
X CSi #5HiA T, 4 A OREERBRZ1T -
Too FREEELEEBEIZZ mu T 4 VL, VT NI T
UTWE74a3v T =@t A~ ADEEE L
T, BER MR OEEE 2 JE Lz, &SRBz
CHAIH B RS 2 R ER E (EC50) & URGE
L7,

F 7o, BREH OIEHBENEL Herbicide Resistance
Action Committee D 77FAIZHE> THEA L., 1EHBELE
ERZEORRIZOWVWTHEE LT,

3. BREER

15 FREOBREH 2 T 5 fE R EE R B O
REE£ 1 I1RT, ECS0 EIT KX ZENH Y |
HFiZ ALS FHE X, PPO BHER., VLCFA FHEROBR
BRI CIIMEMZN KR WHER A R bz, o
ER & EREIEIC L » TR Mm% R L, ALS
FRER T T /2 N2 7 U7, PPO fHEXR &
VLCFA PFEHZER Tidikde,. 4-HPPD [ R CIIEE#H
N b EEZETH 7=, ACCase [HER., JEEA
ARPHE R, O ONEFAREME CIERER 223/ & <
AR 2l T DR o Tz, Thbb, Ftkodg
RN b @V MR R T 2 B3 RO
RBRAERE W AR BRI A LI L 22 D Z b
R E T,

Wk DR (ECs fIf, pg/L)

JEE VERIAE P. galeata D. subspicatus A. minutissimum N. palea N. pelliculosa
voaky S TFNL ACCasefllE >233 >233 >233 >233 >233
oA Ta AT ALSHEE 4.1 148 >6020  >6020 >6020
AV PPOFHE >220 0.1 >220 5.7 59
vora=)L PPOPH5E >4960 1.0 1260 58 1050
FIYNN) A 4-HPPDIHE >101000 >101000 9980 22630 23000
T S 4-HPPDFRSE >238 >238 132 66 15
A/ 4= 4-HPPD[HAE >182 >182 >182 >182 >182
FLFFra—)L VLCFAPR % >4000 62 5070 15100 1300
TRII— )L VLCFA[H% >3580 38 5120 6210 947
A7 =k VLCFAPRZ >10500 624 >3030  >3200 5810
HT7 o AhE—)L VLCFAPRZE >11100 8.3 8600 5690 9540
ZENG S AN VLCFAPRZE >4100 50 11000 3580 54800
T LE—R ST A A R PHLCE >23000 21700 9950 76000 95000
T27aHNT REE A& AR B 1560 349 >3180 4090 1760
USRI T 7o ZDih 154 118 >5370 4390 >5370
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1. FL®IC

RIS I T D BIE O EFEEE T, YeHIPRA 72
WA, E#F (N) U v (P) Tk THIBEN
TWDZ ENRE, EREL D RIGICHAT HEY &
=B, WMABEZOEHEIZAEEDO N 2 P2
BT 5, £, Y X —%EWE T LA
AEW) (2L H—) OFR - BEYLBRT, KN
WCHEDIAENZWN N R P 138t & LTt &
Lo LLERE, NROPOEHFRNMENEY #—
I, BB T ARBEBRMHIRE LTI uE TR
SENT&7, BEEFEORESZMEICBONTE, VX
—ITaHEEO ERANCEFR L THERET A, Lo T,
By = by X — OB E 720, U A
— B T OAIZAEE T 2 BB IR AT e 7 e i
DIER O S, ERFEAEEAEMET S ArEEtER
5,

ARFZETIE, BRAEFOBEICB N T, i 2
REMEDEY Z—B IO 2 by ¥ —DIEEDN, A
BERmOBRE L AEDREEEAEEY (7L AP —)
W52 DB, BN IEER & BN FERRIC X0 R
5 &T, VX —HER O R PEIEER R A2 B S
WZTBHZ Lt EAMET D,

2. MEEAE
OLIZIEN

L&) i OE RO ENB RS TnD
WIJNZEBWT, 3 2OERBEEIToTZ, WThoE
BRIZBWTH, BIRDEED LIIIRY =F L o8l
DRPIFEAB AL A vy anNy e L T Eirh
SHCHETETE L-EEL, Ny 7% Bl LT
FIRICERE L 7~12 HZIZEWR L=, Vol Bl
MEWD7un 7 )L a BEEAEHEEZNTET S L
LB, VUTITES LIS LA Y — iR %5
Lz,
Q@FER1 : 7YYV T, N Ix, THHY, af
F, rYE, FRY I XOMELGLE (FR) %
FWT, FEEND ORI O EEE K LTz,
@EBRT - N REEE L LI GRER) 2RV,
FREEMN D DIRMLO B E B Lz,
@ BRI : WAL E A TEEZRT-F RV /%
FREEL L BIZ, Yalby X —DF AR 7YY hES
FSHEEANLEARNy Z L LAy 7 (KR &2 v
T, ValyX—0OEBERT L,
O)AIES N

AN EBR DO EBR T THVV- 6 BIFED R HE 2 %f 5 &
L7-e BERRFEAL & HITHICEAL, 7 HEDO N
&P O EERD, KBHEEO MR R A HE
T L7,

3. #R
OLZIES S
Q=R Lo EDruw 7 )b a BIZITAOERR
TEMIHEIN, 77 TRKIIHHEO 3% TH-
7= (K) . 7 vA P —EEMAEEIITBER T 21X
O LN Do T,
Q@RI : N FREXDOL T LD rmr 7 4
Nak, JvAY—0anyavEoEsEEsEx,
TNENRIRD 45%, 40%TH Y HEIT/NE o7,
Q=R : 2Ly X —DFEIL, Z7uue7 1)L a
BEEEDHHEERH o7 (P=009) , Y2l vF
—DFWIZE D7 VAP —EEEREA~DFEITFE
O NI o T,
@ B Sk

TY YT T ORETIL, N, P OIEKDHD 1
W oI, HEHEREED N, P R L, B ER
DOEBRIICBITAZan 7 ¢ /b a BIZITIEOFEBEN
BoOHNT (N, rs=089; P, r, = 0.81; EHITP <
0.05) .

4. ER
BREROWUZIB T, FEY ¥ — ORI, B
TIOAEECAE T HEREOAEZRET D%
IRTRELAS BTz, EREBROGREBET DL &,
HPANEER X O BT R BERIR 2 =T TR0, 3
U= DOIERERIC L > THEEMEE SN
LoLEZLND, —F, N2 XREOHERE L,
BESO VAV —ICRORBE 2T, NV Xk
L, N, P EHERENLDOD, 7x /) —)IVEaH
BHLEWZI ERHOLNTEY, WLz 7 =/ —
NEIHICADEBEL 52722005, Y2l vy
X —DIFTENE, MEHICEE TIER o7 b DDk
MARICH LIEOEEND D Z LIRS N, v
o by X —OSRFHEHEE X, gl E T 55
DOBFEIZ L > TERRD1-0, a2y X —0pEkEA
FE~DRB LT 5120, ey ol vy X —f
EBFEOMAEDOEERFNTILERD D,

JaR74)bag
(mg/m?2)
N

7 K
X A
W

% .z) X
:)) 4&\)9 2
\ et

)
¢

X. Ly HEDOrZuawa 7 ) a B&OPER g
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HK ESAIRIE EIZH 1+ BB EBEDEE

i AT (B - 52) , BARE (AHRK - R)

1. [FLBHIZ

IR O FITAHE T 5 k70 B, B E)
AU AKIRIC K o THIBEL . Tz T 75 % R &
2%, HAKOHBNKRE L RDI1FE, KRl L D3
BEEIIREI S 2D, ORRERPBB K TIE ER
NOBENT DN R A B LN LM TS 2
WX THEBEIIZEIWMOND, S HITKEMA
HIK CIXBENATE Le £ 2 EE A0 Tl ~B 8 L
MR TIIRDVIC LR OBEN L CEX 7 LU L
ANBb 5, MEBRBEOBFREIT, HAKIZE > TH
DL, ZO®REMOKEE & HIZEET 203, HK
HENZ XY, B8 LG A0 BB RO 5 IRE
TR D,

TRABEEN R ET DRIV T, KRB K
WEOMERENFT L o2/, £ HE
JEATER S AU, Z OB EEFEN HEL L x4
5, fHAEBENHIRT S E TOMBE RO BRI
B LRI 22, Z OB oE I, kiR
SO, HEFEW e EOBRESHNEETHEEZD
ns,

AWFIE Tl KRB OWRIZE T D 1135 EEE O[]
BICEBETHIERNICOVWTHLNIT A ZEEEM
LT, B ZFA D ZEEN R PRI T, IR A
EIROFRZFRREZ S, K% O BRI
AT LHERICHOWT, BEHERFEZB I Ro7,

2. MEEAHE
2-1. HKEMEEREE

PO 5 52.2km @O FPRIZIB VT, 2007 4~
20013 HE DA 4 A FTAI~5 AITRIREREE D5
FEAERE L, ATEO K E ORISR E2 TR~ 7,

2-2. {EEDFE
2-2-1. ZHEL

1A 13H, 84 28H, 10426 HiZ, =27
— k71 vy 7 (30cmX30cm, JEX 5em) 3 » &K
25em/s, K 15em OWIRICEHE L, #EFFAYIC SemX
bem DFENEZ T 7 L THIEEY | (T EW &R &
L7z,

2-2-2. HKFABLEZOROMNEFEROEE
AR A 28 W1 K OB bt U 72 N T 72
KOA NI Nz AEBRMBIELZERL, £
D% DR FEY ORIE &~z
7)) B LT, D FFE (control)
4) WMHOBENGHT (K 100cm/s) ~ 20 47
BZaE) CNRFLHK)
) 7T YT 20 8] (PR HK)
) HLWEOA CRERLHAK)
WLEELA ) ~o) (TR OBk G L2 AT A

KO A R T NEMEREICEZTZLDT,
A) MBI, v XA K, =) 1R
B HAKIZ% S5, 7) IX control TH D,

T) ~)DITN—TF LI 15 & DA EWEN
SHEY LT, ATEE 2 3 Lz, TO®RMNEY
ZEHLL T, WK 20em/s ¢ KIEK) 9cm D KT
— FPICERE L2, AET) 3, WHEOF LA
15 » ZEBBLT, MLa K7 — FNICEE LT,
6 Hf%, 20 H#%, 35 HIRICZ W —T7 T &2 5 »
DAEERY L CHEDERILL oatkt e Lz,

2-2-3. NEHLABEEREDOHKE

FEhEXDOX AL BemX5cem, BEE 7Tmm) 10 %
7V w7 THEVAMATEZLAT 7 (45 ) & 4
AHB L., 20552 K%, ko &M chkm L%
BN 30% DM I B XD IR L 7= BRI %
B, R 2 ARKZE S TORWITEEORPRICERE LTz,
BB H A NVERILL, (MW E T T 2 THEHL
STHREE L, FEROFBEEL LR LT,

3. #R

-1, HAKEAKRBREREDEEE L

2007 4 4 H ORRIEFEOWE L 24%/m* T - 7=
23, 2008 AEITIE 0%/m* LI L7=, T D%, 2009
FAITIE 1%LAT . 2010 21X 10%E THEE L 7=,
2007 = 9 HICHE 9 T3 RAE L, ZE)ITHk% 2
ZHHOKMETHAK L, ZORBELRHKDE
BT BED 2008 4 4 AITITRIREREEN A LT
WRinolztEZ b,

3-2. HKBELEZOHDFFEDNEE

HI KBRS C7e B2 2 B &) D ORE T—
ERFMARET S (RES 35 HE) LfEED
EIINEL RoTz, =) ORBBEEHKEMBE L
LUV RO AAIZ DWW T, 35 HEICZe > TH ALK
FEEESHBL L e o T2,

4. EE

KBKE 2 HAK D & - 12 BAED RIRFRFEDOBRFE
N E L, HAKRBBITBEO R FREOBRF RIS
BTN,

HIAKA 237 S OEEFEBR T, WEOH L\ g
ZARPICHE LSS, okfhorazi LT
FLER L CHRE L7 b DI T, [BfE £ CICHEE
WZHERI N D B fER & 7o T2,

PO LA T B R R O 7= & O IR 23 2
Hllsd, HAKOHBENRKE LI R2BIZLENST,
KFPDAPREO A E LT HENREL 2D L
23, ISR DN A BERO—D2 L7205 T LR
wahi,
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MRICATOSICE T 5MEBEL —REEDFEHEE

*EMEBY LK - REMERY 2= b)), SHEER UK - B
AR (R - ), e Ss (R - 74—V BT,

E¥FIER UK - 74—V R,

1. [FL®HIC

T & Wik O HERB Y C o DI LT, WK &K
MRSV HOEHETEDLO TEEEDOE VKK TS
L. F£iz, WOk, fEREOKERRO A
FE - AERLELTHETHD —FHT, KEHERSLE
W E NMIEE OB EZ TV, oIS E
S F R ERERORERE A B oY, FOMBEITIZI Bk o
FRE 2B E 2 T2 R ETH B

A3 BIIIK E AR OIRE OFEFE, )
W - g OB L ELL, AW
FHE O E-CHBE IS B 2 B 2 T D . ARIFSEOF
AT H D B IR OW R AEEAE <, RS
EiXEm L 0 IRV, F72, BRI ES BARYE T
WA 2RIV, ZHUHOEBIZE Y, EFRICITE
KHBJINPNZARA L, AR 72285RA T oW Ok o
HHZ242. BRIITIE, EFRICHEAKORAICK
S THENTER SN ABIC, EaREMTIc7 aa
TANVBRBIEREIND Z ERREINTND. L

ML G, TORKEMITFE L Do TE LT,

snan 7 4 WBRKZER LT iRl se a4 o &
EAPEICRET A M AITIZEE A L.

F ZCARMGETIE, BB Oiko LA S
EONCT 5701, FREEBIEREE O A ED
HEZITY, FRERKRZ, BER & LT, %
KR, REERER CENE L, FEEEAE &
D BAtR &R~

2. MMERE

AT, BRI OGS B 18 km HiSFE T
DRMTITo72. FPFETIE, WMA1S 2 km Bk
TR - EIRE - 7 an T 4 Vi OE A &
BRL, BUIGERAIT O S ERE LT, R4 E
OREX, 2012 F 5 AIZEFES < OO imH
(ST1) T, 8 AiZiE, AL SUVDHEES, i
M (ST2) , WA (ST3) @ 3 WS Tiro7z. 12
AOFES 8 HELERUMATIT- 7208, i Lyt
FIFTEAKD I ED BN TW=, \HAROKE 7
HisiClx, EHE-EOHERE (TR KR (K25
0.5 m) @ 3IEET, ZOMoOHETIIFEE L IEE
D 2 WEETEELIToT-. BETIL, &Eroik
KEER L, BC T7L L7 NaHCO; % A7
MEERFZE D 13C atom %A 10 FEEIZAR B X H 2z
Totk, 4~5 FERIBLIGEER 21TV, 1BC OHY AL
mEHE L.

BB+ & LT, HBFONESA & KR DR

ZAZWE L, MR LIAUKDKRY THRE
HamoHr Lic, iz, R - REN SRRz

ORI G 2 R E LT,

TP (KK« 74—V FHF)

3. R

5 AL 8 Bt /n < &V 18 km fifE Tl
ELTHEY, KE 2 m FTICHESBRENRALNT.
8 AL, 5 HXwEREHE P&, EHABlILy
BN ThHoTz. 12 HORETIE, 12 km firE
TLESD L SO ENAL LIRS TE.

FEEEEOBRAREL, 5 AIIAEXE O Lo
ML EROERET, 8 AIXESHEE LA oEE
TEholz. 12 ADBUFRIIMOA & TR
BN 7o 7.

EAEERTFHERM TRELSLHL, 8 Allk
Kffizrm L=, 5 AXEET, 8 AP E ThVE
ZaRL, 12 AEEROZERIIBP S TR
7. zmana74)b a bl OEMAER OLERK
o) ZREMCHENT S &, SRICEEORRKT
Hoto. FEHIZLOEEROEIIERBENE VI
ER&EL, RETIZ S HOMIZ5 H L& 12 HDfEk
D 5 ERERE N7, B, 8 HoEBETIT L
B TN THRARRIEEDIR T 23 A b v,

8 A oyidhrm oy E, ST1 & ST2 OF
BCTFNFI 20 cm/s & 6 cm/s TH Y, JERETIX
—2~1lcm/s TH-o7-.

4. ER

FEEOBRGFRELAEREOBERERD L H IO
BRIz, 12 AITBIFEE EMEERN LD
INEhoTo. b AOBEBIFRIX 8 ADRE LRI
EThHo e EERIIREN/ NS o7, 5 HoH
WEAPERIIRBIZ EEmN-o 720, BEBARITERE
Trrolz. ZORKRE LTIE, £E CTITHRANN
ACHETTREBL T 22 ¢ &Z2x 5N 5.

8 AlZBW T, XApIEIIRE TR, At
gL BB R E CEN oz, F2, EET
IR S 2> THEEEBFEA I L Cnie. itk
328 L0 TR, R OWEILR Oz oo
TETLCWE. ZhbonZ &, A coRetE
DAAD, BHEEFOMEEE &b, HEIEHENZ
DO OBAFEBINIKM I NS EAWERD D YHE
KK VEEEZTHZ L ERBE LTS,

8 A DIIEHIATE & S /EE BT s - RERIT
KRELEH L. JEBTIE, MEEITIFRE L RFRE
ThHhoT-DEEREIIMELEITELI /NI o7,
T2, FHUEOFK - PETHE, BEFEELAEEEDOM
FRREWVHE L, BIFEIT/NSVWRIEEREDRE
WHEHE, T b b kiE D B D RHEN A LI,
A AUk D Wy PRAE & I X B RE R O G & & b ITHERE LS

WL 52 T Z N S
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FeiPREICE TD FETSSBHROEYERE

ST H BT NS T o= MESTIZERLT

WA (FMR - #E) , FBETOL (RINKBE - B LARFSER

1. FL®IC

eSS AT NS TIR UL — v NES T
T OEAEBOFTH | AR ESCTFROKR
ERITN—TDO—D2Th DA « A H 2005, Zi
OO, FIKFOFEHY 2@ CHi%E L T, 1
ELTHRIAL, RET D720, ZOBICHEY %=
My 7350y \EREEIZRIZLTWD, L
L. 2D OHHROWIHFIEIC IS 1T 5 EfE 04
WP B ARG IR O T2 W (HEM 1942,
Tanida 2002), ASHFIE CrxTdh)I Ptk <, EBE
ETESTIULY— < EAXrT e, BERETE
S35 F A HYU MESZFZIZEBL, FNLHDORL
Bt 217 RIS & O ATFER 28 50T
L. WERARDO R 2 3 HSIZBIT 24 AEE S
HH LU,

2. MHEEAE

FEIL 2011 FED 4 H~12 Ao, mH 1H, T
i1 s ek o & TS AT (REE LV 105km B3,
AT (REE XLV 87km Lif)., SEEBAT (R
LY 77km LK) O3S TITo7m, £/, 2012
FIZIE, HHIHEEEEBO 2 A CRROREZ
1Tote, BABYOHREIZITY— 1 —% v F(NMG
42, 30x30cm?, A v = 450pm) A VN, & HE O
WOH /T3 FAToOmEL, Blcks T
)= T10%E72BEIICEE LT, ZOLEH
RFICBRIE 2R & U COKIR, KR, Wik, pH. EC,
DO ZWE L=, REHIEBR=ICRELRY . WIRE
L OERESEL T ST H, AR YE,
NUFTH, oMo BIZHEL, EEEERE L
7o EBHICFEZYTRICOWTITRE L~V E THE
LA « 42H 2005), fmif, @m@EE, HERE
(AFDW) ZEREICE Lz, e/ T Hh U b e
7. Uhw—w hES ZHRIZOW TR EMR
WMEATO DRI /e A —F—%F W CEHE
(EE~BEH#ZAFETO)ZREL., WHHEEZIT> T,
725, 2011 4501 1m LA B ok sy 2 (5729 &
9/21) | 2012 1% 1 & & )5 72(6/20 12 67cm,
10/1 1 81em ), 4FE[IZEPE B (AFDW mg/m*/yr.)i,
R REE N &+ L L 7= i o ZE Wik &+ 1k &
FELR R SN &) TR,

3. R

2011 4ED e A H T e T O EREE
FEL/mY)E, B HBTE, EEE. SBEOIEC 214
PE/m*, 77 PB/m*, 44 JB/m’ T ~7=, FHEIZET
5 V¥ H R (AFDW mg/m?) (X, 5066 mg/m’,
3241 mg/m*, 1042 mg/m> ThHo7-, ZhHDF—4
ZIClc, M OALPER (AFDW mg/m’/yr.) % % H
T 5 &, I 34595 mg/m?/yr., 24280 mg/m’/yr.,

6699 mg/m’/yr.L 72 ofz, H#FE 1 LT HE, WEH
T4, WEIZSIEERD, —T, 2012 FED T
8 s B (Ve /m?) %, & TG, S8 B OIEIC 548
P/m?, 263 JL/m*> Th -7, FHAIZE T 2L
78 (AFDW mg/m?®) %, 7151 mg/m*, 3789 mg/m’
Thv., FEMEWEERE (AFDW mgm’yr) 1L,
T 37683 mg/m/yr., AT 26317 mg/m/yr. &
ofe, ko & Xy, FRAEWAERIL, HH
TlEFB L% 35000 AFDW mg/m?/yr.. 45 Tl &
% 25000 AFDW mg/m?/yr.. =% Tix 6700 AFDW
mg/m’/yr.& 72 o7z, P/B ETHET 5 &, WFEL
HWE>SHHTHY, HIEFEFFHLY HEVEEZRL
TWie, Uib~vw—v~ M T70%E, 2012 0O
S AR SR B (PE/m) ik, # RS, S OE
(2 1431 IS/m* (e B AT bEZ T D 26 %),
1129 PB/m* (43 £5) TH V., FHAICKT DY
H{7 8 (AFDW mg/m?®) 1%, 529 mg/m’(k 7 FH 0
U hEAZZO 1/13), 709 mg/m® (1/5) TH o7,
ERMOAERIL, &M TIE 1348 mg/m*/yr.(k 7 FH
D 1/28). & TIX 1727 mg/mlyr. (1/15) L72-7=,
EATHIY FES T LIEWISHEEDOT RN H LD
HAEEMETENL o T,

4. EE

oKk L kT 5L, e X FHIT RESZFD
Bh. REEH)IKPMECRED H HEMAEER
48616 mg/m*/yr.CEEIEARKEE 4752 Po/m®, F¥)
B 2228 AFDW mg/mHZITKIER WV, KR &
BF)I 4 A0 15416 mg/m*/yr.. W & IR D
13923 mg/m*yr B L L TH, 2272 ) BWETH
B ENREBIND, VILv—1~< NI OHE
X, [FEJED Hydropsyche spam & H. macleodi 73t
TNTFT THE SRR E LT, FERAERD
HT# T 86.3 mg/m*/yr.CEYIE AL L 46 T/m*, F
%) B fF & 203 AFDW mg/m?®) . % & T 267
mg/m*/yr. CESMEAREEEE 7.2 B/m?, SEHHAFE 4.9
AFDW mg/m*) & WO RENRH 5, 26D &
i LCh, e TEVWET & 5 (Tanyda 2002),

MU My ZHORTYH, XY, EEROR
WIBFTIOEWRRO bz, LoL, BFEEOKE
ReFFH AU N T OAERIT, WH, T,
ABONRIZKE 2257225, P/B fHITESE, HH, &
WOIEE > TN, U~v—~ XTI DOERE
BI3EsE. FHOIETH -2, P/B EHIZIFIEF L
fEZ R LTz,

HIEE - RWIFEZ AT T 212D T2 0 | BN RS A
PAREMIRA ., FEAEOP ISR, EREZ. SN KIE
FAkL 70D QNS AERB AT BT TR T/ BT IE 7 L — 7 D3 Bk
WCREBHEEIC o1, ZoHERE») LTBILEHR L LT 2,
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P IER (Ul Ftsg

1. FL®IC

FNARERIZE T D IEABMREE T IR % TRk
T 5 EOMERMEEE (UKL imzon [EERRES
mmm)%mE@Eéiéi&%ﬁ%ﬁuwﬁé
nasZ Ebii&ﬁtéﬂfb\é (EF - BH - HF
m.,2000) . FEICKEHEBESE KEZ2 R EKIZED
LHERBES ﬁ:i H< MBI TE, Ll
M5, HUE A & EAEFE OBIFRIZ OV THFZE S
NTMEFNTIEE A ERNDT, Mg, Ni ([ZETEE
BUE. Ca ICEDAKE. @B E Todh 1Lt
WT, KE., KAEEYEORRGRER~T,

2. MEEAE

(1) FAAEHSR

S R AL AL E T D AR LR 7 s, RU
< Fefl BAALTH & ERF AL IZ A 23 B MERCAE Y 5 Hi
R AKAER Th 5 IR IRBEE 2 #im, £h
WP & U C R R AL & i 5 % )1 o 3 i
SHISOAEFH1 7S 2R OREZ Fht L 7=,
AL 2010 4F 4 A5 2012 4E 10 A £ TH 2 [H]
(F - ) KEREEZIT- 1=, EALBWIZ, 2012
ERLKICREZIT- 12,

(2) FHik

OKE : KL, pH, EXEEE (EC) 1%, By
THET D L L YM:\ RV FLrry (RE:
100ml) 728 2 R0 TERKBREREICRE LR -
7o 2 ZM)*"”ODP’\? 1 AT (SO
) 5ml UL ICP Zp#ricfit L7z, &0 1 ARiA
v NTTT =it Lz,
QIELEY -

25cm X 25cm DT EERER v b (O£ 225 0 m)
ERV, 40D A RESR, ERETY—T »
T B T o, 10%=F /LT )L a— )L CTHEELE
T, o WITEETHELZ, LaL,
fii - BECRTERNERIERLHY . ZOGAITRE
TOREE LT,

3. R

AERPRIIPE K A AL, SRETE DM =
7w v J& ( Baetis  spp. ) ~FtE b R
(Protohermes grandis) . =AY 1%} (Chronomidae
sm)K@%htoppT@*Ei figh (Zn) &
gn (Pb) ORENREm <, HEIHT 158 25
1.74 (mg/1) . $77C 0.023 775 0.024 (ng/1) ThH > 7=,
FAIRARTIE. T 745 a7 (Isonychia japonica)
XX H I NS T (Limnocentropus insolitus) O
RN ST, iz, BETHICEE (FEFE
H) OABRELZRD, KEIX, AL NRE

ANIEBRICBIT5HME

SR - )

- KE L EEEBYAE L DOBR

FHOHEST (FAkILRE S 2T L)

2% 18.11 725 31.21(mg/1) & *FHAJII (0.85 7~ 5
1.41(mg/1)) @ 20 {515 30 (5O ERETH -T2,
FERCAE R OKEIL, v~ 72U LA (Mg) E=v v

(Ni) 23R, RIEIE. 16.6 205 21.8(mg/1)
%A1 0.015 5 0.080(mg/1) TH o7z, EALTHY
TIE., e 5 F AU YT T (Stenopsyche
marmorata) & V/L~v—3 < MY T (Hydropsyche
orientalis) DB N L >7-, F1-. RESMEK
%, 220 225 300 fEE, EWFEHIT 10 225 15 fE
LRI LIFIER L TH - 7=,

BAE LT KA B O FiEL & B K50 5 Simpson @
ZRRERR S A RO Z A, AFEILgEKRD O BT
HS T BIELS, 1.07 205 123 Tholz, bE
Moz AL, ARAEHE T 101 2 RxTHALH
ST, WERUE R O ZERERREIX, 470 225 913 T
ST O Z 3 L IFIER U Th - 72,

4. ER

AERPERILEEAR O B HR T, BREEA M FEDS 3 FE &
il oD iR BElE U TRt |2 A e W EERNE, K Hicis
FT 2 AP O BEBBA 4 ORBEBENRNEE X
bivd, akr e g (Baetis spp.) 21X, T4
LESBICHT HMMEENFET L2 blES
TBYRENZOMHERETHDL EBEZHND.

AKAEHFIZBNT, ¥ HI MBS T
(Limnocentropus insolitus) <°UW /KM H BN HEE %
ML CTAEBRLTWDSZ &b, FFRNRAERRT
HHZENEZLND, TOAEREXZTVWLHE
KD—20F, APKGE D HAKFITHAS 45 @i D
FNT T L (Ca) IZdhDEHETE D, FrTHFFA
X ¥ T (Limnocentropus insolitus) X, HARIZ
BfE—FE L ER SN TE 6T, 20 BEE A K
LCTAEELTWDHMEFTIRL . ZOWENPKEYT
b5, MRCEEICR T D IEABMAIL, TR &
g U CEMEME e TN ERESRERKD
IFFRLTHDLZL LD, =7 FxT T LA (M) =
v (Ni) 72 EXRBEZRER I Y | ERE RSB
MR BRPEEL WD ENBZLLND, LL,
B2 | CIIiEhea 1w T LA B Ve WHEM DMFETET 5
XD, EBAEBMICBOTHLREETH A D L HEE
T2,

51 A 3Tk

AR (2011) FE/K FAERE. 72 0 1-18.
EH - BE - FRHE (2000) HORKRFHRES.
187-190.
PR (2001) R 7 Y — BB
5:161—206
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* O H— = (RIFR - B R0EERD
FoEETs (RINK - B

BRIZETAHANELEBMIZELE=2 )V ITORKEEE

KRS (BLETK - ZHEFE)
%M@%(W IR BT

TRRAT (EMK - S

WAL ZE ST A FE=HF Y T TH -
EL RS EARIZEAESNTED iw»&?éﬁ&t
oo ZOXREREFEOFELEANL ZHEBMRE
KAER B (HH, 1962) F%m@%#J
(EEl%@é:ME%ﬁD LA FE=42Y
BT 208 ISR oMWiRIZH - 5K EETIIT

Lto%@% ZOFEITEBOERFIRE PO,
ARTIHAS E L LTz, Ny 7-HEEL EASHY
(RIRPEEFHEEN DY) %2, () 158X 2 mt
PERE & FEMMMEREIC 4y L, Bl OFE & % & OFK
oG LB oREY, AaTEET 5, H{ET
B 20, MR LD R, DOk, BN KREZ
WL T B, TNy 7, B <N D
BECCHERCH EIE DN E A ST, OfREE L @& <, B
FRBRELBWVICHLEDL LT, Ny 7 ERHEIEE
XK Lo Tz,

TFHA (1977) mFE L= DIlof@EgEZk 13,
WO, F'T=H ) T NS EZ T, —f%IC
DT ETHD LRV DRNWE ALY, B
BT (4IR) R kA (4KE) AEE L, TKAE
AW L DS KERE X, BEL T AZBE L
LZHROSMT 24 FN e KERETH 50,
F@%%MJ®LEﬁ WZHDHEVSTHNWES S,
JE K BERRNAFIE SIS T D 4 PER D KEHIE %, Zh
h@ﬁﬁ%ﬁ%#éﬂMﬁé%%@ﬁﬁ®ﬁﬁ&
ExflioTHET D, BERHED LVITRIIZE
NV ORKEEZIHY, RSN THWI2EMLIEL N
TR, TRIZE>TLHETH B, XA A ET=H
VorZoANnE LTE, BARBRICELZ LD
7249,

OB KEHEIZONT S, BEE L LNSH
L7-Mates (%) T, NEO B L & Rk 22 FE
AT o 72, FOFEMIC DWW T, BeEE O HP of 3
(R HE, 2012) ZBHENT-0,
COMBELVIL, SHICEHELOWOTINRTEDTF
ELE LT RELDBHMHFES CTineg L7207, B AR
¥J A =27 15 (ASPT: Average score per taxon) & 1
LETHFRETHD, ZOFEDL LIRS T-DIX
%I’tﬁ%%OBWPﬁfké Br~nrxco
AR LE UTC, FOEREC 1—10 0ORaT i b
X_%)o BMWP A =)y (Dﬂ+x:17) u“jfﬁbt iﬁ
BOZAaT70HE, EHZ2 a7, FOEHEAY
HER LB CHRLEbOTH D, mEETT
2l A=A MU T, KEO—, T T iEER L
T, L b Tnd,

HATY, [KAEEMICE D@ KERTE LV
IR NN, F =) T OFEE LT, R 10 4

A2 ICBRBEE & BIRIRERIEMI ST A v 3 —7p Bz &
of*ﬁ*}hiﬁﬁﬁbﬁséhtﬁ\,%ﬁx@%f ko7

e AT B 7o T,

Wik 21 EENSE TR EREAODEES KA
AW K D KRR FIER TR RS T,
S KEREEDOREL & & B, BRI A =
TEOBHRF 21T TE T,

ZORMPT, BNV ERR DR T ORE

LI FERR 23 EEICATV, BO X D BB A AT L
7= (BPIRF, 2012) , F 7=, {GE DD 72 gL ORI
WOEBREOT — X et LT, Wb b5 I HE
(reference values) DORETHIT- 7=,

Tk 24 R, A OREHE TRVWIFER,
A HRICHLH 222 E2BEEE L Il b
ADIIRERETR ] OREEER L, YHIL N
LONELRNT 5,

T/, ZESTHRF L CE =AW, £l
ST b, EPT F54%, BUWWP $5457e & 0, [EHAHMCIA < £
ENTWLEEEZR Eo@EAMEIC O W T Y, MF - #
ERAE

®1 WETRa7R (F 2012 & Y ER#E)

ZERIZEWT, BEFEH
O:Rxar7 xR, A:A2Aa7%bH, V:2a7% Tk

237 NEEEA 237

FavH Lepidoptera
VhHH Crambidae

3% Fa A Coleoptera
430 Dytiscidae

IXAY A Gyrinidae
hi\/ﬂ Hydre phld

3H/7877F} Baetidae 2 ephe

l‘t*fﬂ?:r‘rﬂﬁﬁ L eptophlebii da

idae
EAROLH Elmd
RELF Lamw idae
/NIH Dipter:
muﬂi Tipul ma

#
HH7asH Pota idae
Vv E2H4507F Ephemeridae

a4ah5a%5 Polymitarcyidae 7 2hH Blephari 1
+RH Odonata Fay/3TH Psyol h dd
v 71'7r/ﬂ4 Calopterygidae T Simulidae
s Epioj A ARYHE (AN EER) Chlronomidae

A ARYNH (Z0ft BEEESE) Chiro
XNHH Ceratopogonidae

Plecopt
I+ h7%7 58 Nemouridae FHLTIH Athericidae
FEANTH5F4 Perlodidae 9 XL H Tricladida

N755 Perlidae YNy TETHI X LH Dugesiidae

HALH Hemiptera HT=FF Pleuroceridae
FARIBRLUF Aphelocheiridae E/75H4H B ora
AERUARE Megaloptera E/TSHAH Ly
AERUHRHE Corydalidae HHIFHAH P e
M4 SE Trichoptera 57 FA AH Planorbidae
E5FHATIES S Stenopsychidae
AT RESSH Philopotamidae
9% ME7 514 Psychomyiidae
A AFMET SR Polye
IR 7% Hydro

HTIYFSHAH Ancylidae
/NIZY R Veneroida
A Y URH A Corbiculidae
H gochacta
(x328X) Olg chaeta
0)1&‘

YRMET ST Glos:

EANE S ST Hydr pull

HYRAME 755 Bra hy ntridae 1
v T SH Lim idae

azm:‘a Amph ipoda
V 33TEFH Gammaridac
O F4#32IEFH Anisogammaridac
O 7FHITERH Pontogenciidae
I5U LA Isopoda

SR LH Aseliidac
I B Decapoda

7
5
8
4
8
8
8
6
8
0
1
7
2
6
7

V 7% Tabanidae 6
8
7
8
3
1
2
2
3
1
4
2
8
8
8
2

I H=F Potamidae 8

O =uFayrEsSH
HIIIRE TS tomatidae
7 ME 58 Sericostomatidae

v ST ARETSH L

8
0
8
8
9
6
9
8
7
8
8
8
6
9
7
3
6
9
9
2RYHT 555 Chloroperlidae 9 =7 B Mesogastropoda
7
9
9
9
8
9
7
9
9
9
4
0
8
9
0
7
9
9
8
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(1: WwHERE

1. FL®HIC

EEMICBIT 2 B2 GO EIX, 1970 £
#%121% 6000~8000 kv 4ETH-o7- b DA, 2010
FERTHIZIZ1600~1800 b AHEL R VB L T\ 5,
fETIE, T2, BEUSRA, aAf, TTRE, KT
na, AV, UTA AL AVREIFEAEDR
FECHRDBEMCH D, ZOFRERE LTI, #WEDA
TR b, W, ERSCBUKIEIZ X 2 aE0B
D Wr, KD NBWER, 77 v 7 NAEDH
KM DRADEE ERFEHINL TS, Bxlx,
fEA BB OUGE T IEEZ MRFHT 5720 O i
L LT, BEHBRAMINCBCRES EETY D
A ATV, FROERE - BifFE &R O ER
DO EAR S D BRBE Sk, IR, i, KRS
O JINBREE & OBREMEICHOWTHRE ZHED TV 5,
A AT, 2012 FEFKIT EHE L 72 BB N 17 W) TOH
ARG R O AL & SRR S O BEfRIZ DWW TR
WLk RERET 5,

2. A&

20124 10 A ICEERETICWEA T D 1731 (EE7 1],
@), g, ), AL EEIL )L
KIE SEHETIN, il KRB, F=8)0L =)l
HEL B, FZHU0, B o a6 8 —
ZHOWE (St. 1), F—FE OO FIHES (St. 2),
[FIHELE D i Es (St. 3) ISP W CAIERE 21T 72,
7o, BHEH AN T, KR, KE., FEE, K
T, R, AR O B O BRBERM & [RIRE IS E

EMBREIR PRI & —, 20 B

D & BEE A OBRR

* RAPREAM ' - IR 2

- BPEGE 7 - JE RS - KHEE L - KB
BIROKPERABRY)

=

Lz, REOREBIX., =LV 27 v v gy —
(SMITH-ROOT #t#) ZH W Tir-7-, MEFFHFEIX
Windows hi SPSS Ver. 15 Z# W 7=,

3. #R

TV M)y I vayh—CHiML-ADENMNE
FEY 7= 0 ofFENERE (B/n') LKEZEORER
T OB % v 2 — )V ONEALFEBEEREL TR, 5% D
BAKECHBERMENRALONIZN 2R 1ITRL
7o PUITIIRY, ORI XFFT, X~
LY Rra, FvX aA ofRiit, REiR
ELEIEOHBEEZRL TR, BHISCEEN D HKHRIE
O B DR AEH A TEWMEM A A B, — 7,
EUS A, UTA OEEEIT, EC ORI IR E MK
WE ZATEVHRIDA S0, G ZR)I % i TeH
MRHLNTZ, UXITY, UVEI TS, XvTF
F 7 OMEEEIL, HEEEO FFRE IR TR
RVMEHm N A S, HEIRIZK > TBEINHEINT
WA RIREMED R SNz, SRIOFERFD T = Dl
EEOE. BRI D Ao T2 b B D
WD T 2 ~DOEBEIIREIC A DL o 72 (2011
FEKOFHE TITERICI 2 EHEDIER A BN
720) =Y I KRR E~ A T ADOMBEERL,
WHIZZ N2 LB L TV, 72, YU FF T
bR L~ A T AOMBE R L, b~JEHIZE
WZ & BB T e, KERHEY) . fHAKFER 30
EEEE N ZVMERN A SN RFENREL H Y, 1]
B, )L OREAOEEMZ R LTz,

F1 20124 10 AFAEICE T 2 AFEBME RS &)1 EREE K - O #H B
(Jr o =V DNEN BRI 5% A B AKETHE L o7 b D, n=50)
fiE +EERTF —HERT

P ERZEY JKEEHEY) . #h/K4EY.DOC.D-P.D-N. s (B, YOO Jqla+ JxAEE JItE
PEED HKAEY ., ADEEE,. SS.DOC.D-P.D-N. (B, YOOTqla+ TAEE ERDEE
PR EY P JKEEAEY) . HHKEEY EROHFE. JIE, EC
XIFFI BDEEE.SS.DOC.D-P, 7 EBIROEFEAE
71 ADEEE.SS.DOC, 1/ SIS
EJRX - EC. #0007 q/la+ DA%
294 - $S.D0GC.D-P
FA4HD HKiEY, GOEEE.EC. Y00 lat JTABE SAIBERR D 73—
XI LY H/kiEY. EC.D-P, yOOJqla+ JxABHE JIItE
hILY - /007 4)la+ A%
ESE: EC.DOC AR IR
7 IS NY JIHE SE7kAEH. DOC
AA D FNR KB, BDEERE.EC. yOOTJqla+ IABE -
k23 JKESHEY), k4B, . D-P. DN, S 18 -
FIX KB, EKAEW.D-P.D-N, 1/ -
AFRES JKEEHEYD, HhsKABY . LK AE JIIiE
7 ISHRT JKESHEY) . sk AEY) -
AERE EDIEEE.DOC FRIR . AR AR
7T RE KR, KB, BDIEEE EC -
a4 EC.D-P.D-N -
AEOD EC. /R0 Jq)la+ JcABER -
—a4q KiE.EC -

(#£) DOC: dissolved organic carbon, D-P: dissolved phosphorus, D-N: dissolved nitrogen, SS: suspended

solids. EC: electric conductivitv.
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RIBEDNA ZRAWHERE S UNEAAH S 3 00F DR

A M (FE R - i K - B ERERBT)
AL BOE (FR - BEFEE) , R FIST (RF R - BedgE HiERET)

1. FL®IC

S REVE DR AT I3 Tt fl oD A B & 1E e
IR 5 2 IR ICEE TH D, Ko, mdRE
DR A= AW B M D A% Sl D 5 3R 2 B B2 AT
D 7o OWIE, EIRIMEE EE CoAi LTV C b AR
BT ALEND D, L, KBIZBWTHEE
P DM D FESOAR AR O S8 SRl D 43 A8k A& IE
MelZieiz 45 Z S IEREECTH D,

IR, KBUC BT DM DS AR OF LTk
& LK OBREE DNA 2 W 7= BB ST
W5, KHEOBSE DNA & 13K FIZFFEIEL TV S DNA
DR TH Y, KEHENY, Rk 72 Elohk
HDNA EEZ X LTS, BREEH O DNA 2> & %t Gefil
R R S E T 5 2 812k, SR MED
E - RMEEE=H—FTDHZENTE D,

AWFZETIIA AT v a v A RO 2 fhE 5 &
L7z, AV 3w oA (Andrias japonicus :
PUF, HRFEE 5 5) 1, WARIZOMAT D HARD

WA THY . HAROKHIRKL S E Sh T,

57 A 38 D B0 3 WO BRI D AR K % Tk, 1970
ERICERE L TMASIN T a2y Ir 4w
a7 U4 (A davidianus : LT, A EfEELT5)
DA L, TERMERMEL TS Z ERER SN

TW5b, REHOMEICL D & BIIAKFRE &I,

IS Te) 28T DTENFE & A8 S D A HE VAR ~
HEITLTEY, SBEBEABO I LR HIERBBEES
Nz, 4% va v IRt cREITEE R
HZENEEL L, ABORMEICIZS RAREM & 9
Wb, 2T, RFFETIE, ERFER IO
KAEEZNZENCKTT DR T T A ~—« T r—T
Ty FEEBEL, —DOKT T GEREE DNA &
HWCHEOE,/ R EEE=X I 7T 5 FiEE2H

F& L. BIIKGRIZISIT D WA O 53 Al i 2 il 7,

2. MBEAE
2-1. 754 <—--JO—J+tvy FrOBFEEOHESR
WfED I k= KU 7 NADHL & {5+ D —#h & HaibE
TAHFEN T T A ~—B L Tagman 72 —7%
B Lz, B L2794 ~—+ Tu—T% v b
FERAME 2R T D72, RALKEREE CIEBIGRE S
TV B FENRFE & A Sk FE D B Rz 2k 2> il L7z DNA %
W THESEBR 21T > 7=, Tagman 7’17 —7 %l
72U T7Z A LPCRIEICK Y, TERFR X 0% skfd
DINANEFNENDT T A ~—+ Ta—Tx%y MZ
FoTELIBHENDENE > OB E1T> 7=,

2-2. BEKYG U TILHLDREEE
20124E 9 H., 12 HB L2013 4E 3 Az, Ik
ZD 37T HEIZEBWT 4 Uy howIlKZEKL

2o WNKZEZTZ AT 4N EZ—ZFHNTAEBL, 7
4N HE—FIZ T v P ENTBRBE DNA R L7-,
AR D U 7 v & A I PCR 5 % IV TRF4HE 0 DNA %
HEWE L, Y VTR AR RS L OB SRFE D DNA A3
TFHETDZNE I MERE LT,

3. #ER

-1, BHEHROFEM

i 52 5% FE 3l 0D DNA & N 72 5 BV RE SR F2BR O s
AT LI-REREH WS Z & T, A4 P
vavuttFava sttt rav i DNA
EENENRFFEMICRHT 2 Z EBARETHHZ &
PHER ST,

3-2. HEJKRIZEITS DNA #EH

OIESRAE D DNA 1Z. HEJI/KR 37 #5525 #5108
WT, 3EIORED S b7 & 1 EKRE ST,
HLSEFED DNA 1% 8 BRI W TR ENZ, ZnE
TR DO FETRE TH SR OR ADHER SN TN D,
Mo, BRI, mEI, B X o Bz T
SEFED DNA S S 72130, EREOITbh
T, FURETHIX 0 )12 6 b 4R SR FE D DNA
NERE ST,

4. ER

ARRFFE UL, WK R STV TH H1ERFER
Je D DNA & AR AR BEBE D T g /4 K fdi 1 3l > DNA D
[RIRERR SR U7z, AE)IAKGR TR s i ik
BICETLTRBY, A4V a v tonfitie
8T 5, Fo. JIMED N HHEIEROF)IK DS
H DNA 23R S v, BRHEE R @V Z L B3R S
Too HELHIC X D IERFE & A SR D43 AR i A 035 T
Nz VT EHRLELELEYED &, EREOADFER
SNTZIEREN 2> B IXERFED DNA O A3 STz,
— 05, ASRFESCAHERE N R L S =g KR, A
JI Byt (FEMEHX) Tid. ZMRFE mtDNA 23R H &
. RWFREOFERITHEREOR R L < —FK LT,
F7o. FERERE O RV EIEET#IX o BRIk
WTHARFED DNA 25 S, RFEICE DAY
V==V I WAERTHDZ ERNRBRINTEZ, KIS
THWEFEIIZREEDOI Far R 7 DNA 24
=7y hELTWATZD, RHROHBNITE 720,
Ll e E b4kl knI hary R T %
o - AN, FOREMATICT TIREALTY
HNE D DOHEIIZFIHND ZENAIEETH D,
BREIDNA 2 Wi EIED S BB R E . kL
EOMAEDLRTIZE - T, KV RO A DFERE
RCH AR RN I REIC 72 D EHIFF S D,
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Efficiency analysis of two different type fish passages installed

at Sejong and Gongju weir in Geum River, Korea

* Dong-Sup KIM (Kwater, Korea) ,
Min-Ho JANG (Kongju National University, Korea)
Ju-Duk Yoon (Kongju National University, Korea)

1. Introduction

Nowadays, for the effective use of water
resources many artificial structures like dams and
weirs have been constructed in streams and rivers.
The problem is these kinds of structures normally
lead a fragmentation, thus, reduce longitudinal
connectivity of streams and rivers. To overcome
blockage of migration and movement of aquatic
organisms by obstacles, fish passage is commonly
installed. However, limited studies were conducted
about efficiency, even though fish passage is
essentially required for fish migration. In this study,
to estimate efficiency of fish passages, we
monitored Ice-harbor and nature-like type fish
passages installed in Gongju and Sejong weir in
Geum River, respectively using PIT telemetry and
traps.

2. Materials and Methods

We used PIT (passive integrated transponder)
telemetry and fish trap for monitoring fish passage
effectiveness. PIT tag was applied every fish living
the lower part of Gongju and Sejong weir, and fish
attraction rate, passing rate and passing time were
estimated. Fundamental operation is when tagged
fish passing through antenna, tag signal detected

and then tagging information transfer to data logger.

Fish trap (1x1x1 m) was setting up at the end part
of fish passage and monitored 4 times during 24
hour periods (sunrise: 04-08, daytime: 08-16,
sunset: 16-20, nighttime: 20-04). A total number of
individuals and species that collected by traps were
recorded by each sampling occasions.

3. Results

Ice-harbor type in Gongju weir
PIT tag was inserted to 1512 individuals and 232

individuals were detected (15% of detection rate).
Total 83 individuals among 232 detected

individuals in fish passage were successfully passed
and showed 35.8% of passing rate. Most time
spending of fish that moved to exit of fishway was
within 6 hours, and some of them moved within 1
hour. A total of 1603 individuals classified into 21
species in 4 families were collected by fish traps.
Squalidus chankaensis tsuchigae was dominant and
Hemibarbus labeo, Pseudogobio esocinus, Zacco
platypus, Opsariichthys uncirostris amurensis and
Erythroculter erythropterus were mainly collected
by trap.

Nature-like type in Sejong weir

A total of 841 individuals were used for monitoring
and 67 individuals were detected (8% of detection
rate). Total 14 individuals among 67 detected
species in fishway were successfully passed and
showed 20.9% of passing rate. Passing time was
relatively longer (47 to 287 hours) than Ice-harbor
type fish passage. A total of 1,266 individuals
classified into 29 species in 6 families were
collected by fish trap S. c. tsuchigae and Z. platypus
were dominant (RA, 23.4%) and fishes in
Cyprinidae showed high proportion of occurrence.

4 . Discussion

Two fish passage types represented different
results. The Ice-harbor type was appropriate for fish
pass, while nature-like type could be used as habitat.
Because many individuals detected in nature-like
type fish passage in Sejong weir spent long time to
pass, this fish passage has probability that could be
used as a habitat for some species. As revealed by
fish trap results, there was no difficulty for using
fishway of small size individuals. Although further
long-term monitoring is required to estimate
efficiency more precisely, because this fish
passages were recently constructed, at least until
now these fish passages well conduct its role of fish
pass.
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RBEBRANEBEZUROANIIKEREHERVEITAE

* Seungyoon Lee (K-water, Korea)

1. BEOKREBERHEES A

BUTE 4 RT3 130K R B ONoK 715, K &5l
ZEf], KE, KAEBRRETTEZT.OICETIN TR
7o 4 KIMNFEHEDE, BRENTIE “ZR2TEDR
IR T2 AKEDNIZENWICERRL L 90?1 &
REBZXRPOHET 5B TH 5.

F9, KEEHESTAICESEREH 2L 5
FHETH Y, FERTGYIRE B R TR, R
BIFERVG YRR A T kT 5. £7-, BUE#EITIh

TV KRAEBRRECEZEANIERT 2 FETHD.

2. A KIKEEHE

ARFTNARE D BODIE 904Exttk, 20104F 4.2 — 2
1 mg/LTC, HFLLBEBA SNz LirL, EEKET
D CODIFHML TV A THD. Z DL H Izl
BRELZGIL AKIT)IHERR &, BRI X > TRRE
fbx b7 L, FrICEKHNTHEREIZ X 5 3 e
WMz k> TEXRET DL, KEELZ LS
THREME N H 5. LIS, ARWIIKESRESTRICT
KK S, 23, U ARSI, TKE
WE, FERIREHMIEEZITOLERND D.

RRlZ, EHLOMEREE BURTLFZE, AR
WA BRI by v ¥ — a2 et 5 F R R T D
ZNICE ST, FERBRFERELZBE L2 DT
X7 B0,

3. AKIIEBHELEAERER
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Effect of magnesium on the calcite encrustation of Chara fibrosa

Asaeda Takashi (Saitama University, Department of Environmental Science and technology)

*Senavirathna MDH Jayasanka (Saitama University, Department of Environmental Science and technology)

1. Introduction
Many aquatic habitats contain higher concentrations of Ca
than Mg. However, there are a number of charophyte
habitats in which the concentration of Mg is far greater
than the concentration of Ca (Anadoén ef al., 2002; Siong
and Asaeda, 2009) and in some lakes, such as Myall Lake,
New South Wales, Australia, the Mg concentration of the
water can be as high as 90 ppm (Asaeda et al., 2007).
Calcium in the water results in calcification in some
charophytes and low Mg/Ca (mole) ratios enhance the
calcite encrustation of some Charophyte species (Anadéon
et al.,2002).

There is no literature regarding the impact of
Mg on calcite encrustation and the distribution of Mg in
C. fibrosa. In addition, there is very little literature
available about the position and pattern of calcite
encrustation in charophytes. Therefore, we investigated
the impact of Ca, Mg, and combinations of Ca and Mg
(CatMg) on C. fibrosa. We examined the cell micro-
structure to identify the position and pattern of
encrustation.

2. Method

Apical tips of C. fibrosa (3 internodes, approximately 2.5
cm in length) with similar morphological features (same
length and internode distance) were cut and planted in
individual 1-L glass beakers, positioned such that 2
internodes (approximately 1.5 cm) were above the
substrate. The substrate in the experimental beakers
consisted of washed river sand (90% < 1 mm). Modified
Forsberg solution (Forsberg, 1965) that contained 4 ppm
Ca and 2 ppm was used and to observe the effect of Mg on
calcification, Ca (Ca treated), Mg (Mg treated), or
combined (CatMg treated) were added to the culture
medium at concentrations of 4 or 80 ppm.

Plant segments were observed with electron
microscope (Hitachi S-3400 SEM). Point analysis and
point analysis was performed to identify presence and the
distribution of Ca, Mg, C and O in the intercellular space.
Backscattered electron images were taken to identify the
distribution of calcium carbonate (CaCO3) crystals.

3. Results

The line analysis confirmed that the white crystals
observed in the intercellular space of plants are mainly
contained Ca, but a tiny amount of Mg. Point analysis
indicated that the white crystal was composed of Ca and C
at an atomic ratio of 1:1, indicating that encrustation was

probably composed of calcites. Backscattered electron
images indicated the presence of calcium carbonate
(CaCOs). In plants treated with 4 ppm Ca, small amount of
calcium carbonate crystal was found in the cell walls of
the central cell (Fig. 1a). In plants treated with 80 ppm Ca,
calcium carbonate was observed outside the cell walls of
the central cell in large amount (Fig. 1b). However, a
smaller amount of CaCOj; crystal was found in plants
treated with 80 ppm Cat+Mg combined than in plants
treated with only Ca (Fig. lc). For the 80 ppm Mg
treatments, the CaCOj; crystals were tiny and scattered
(Fig. 1d).

Fig. 1 (a) 4 ppm Ca-
treated intermodal
cell, (b) 80 ppm Ca-
treated intermodal
cell, (¢) 80 ppm
Ca+Mg treated
internodal cell (d) 80
ppm Mg-treated
internodal cell.

4. Discussion

The presence of Mg in the water is reducing the
calcification of C. fibrosa. Further, the C. fibrosa do not
form MgCOj; crystals even though, the Mg exposure is
extremely high.

Calcium is vital for maintaining an electric balance
between the extracellular and intracellular space (Fromm
and Lautner, 2007), and also plays a vital role in plant
internal signaling systems (Jia and Zhang, 2008; Tuteja
and Sopory, 2008). The influx and efflux of Ca is
maintained via ion channels which are regulated by
cellular functions (Vymazal, 1995; Rudd and Franklin-
Tong, 1999). Therefore, excessive influx of Ca from water
that contains high concentrations of Ca and calcification
inside cells are avoided. This results in calcification
outside of the cells.

Anadoén, P., ef al, 2002. Mineralogy and Sr—Mg geochemistry of
charophyte carbonates: a new tool for paleolimnological
research. Earth Planet. Sci. Lett. 197, 205-214.

Asaeda, T., et al, 2007. Morphological and reproductive
acclimations to growth of two charophyte species in shallow
and deep water. Aquat. Bot. 86, 393-401.

Siong, K., Asaeda, T., 2009. Effect of magnesium on
charophytes calcification: implications for phosphorus
speciation stored in biomass and sediment in Myall Lake
(Australia). Hydrobiologia 632, 247-259.
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Scheffer, M. et al.2001. Catastrophic shifts
in ecosystems. Nature 413: 591-596.
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Vanderstukken et al. 2010. The influence of
plant-associated filter feeders on
phytoplankton biomass: a mesocosm study
Hydrobiologia 646: 199-208
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