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AELNDEEREL- Q2012 FEXRERE 8)15). FKED TN A 0. Imgl™ LEV—FNIZEWNT, ¥
POINTIOEDRBERGEHEZRETT 57012 CDOM OEFEA ZIT o =R, BRO/NZ—2ITLY
WS OHDEFEARONT=. RFEEE, CDOMDEFHERICHARREZRECRML, BRKTEEHVRATLE
L, BRRZEKIEME, A DRNIEEEMATORKEZITL, BRRAKOZEREFH LHE TR L.

[SEERHEM & ik

BEhER/K 1SC06712 (1L24 A4EK KEEE) 2 &
CDOM K[ TurnerDesign %t Cyclops-7
JkE5t #E Hach #t HYDROLAB Datasondebx
AES HF S F1S % DTS-12
KL K4V 0TT %4 Orphes-mini Data Logger
YHARETRER KD 1SC0-6712 B ZExfBlETKREHZ 0 ‘ ‘ ‘ ‘ d 5
EBSH, SABULMEZ/E L AN - = OB R 20 oo 19
W& I BERE R U H—IZ L, 30 HRIET 4 BEE e
Bk U=, 1= 2 4 BOEKEE FIS-12 BEHA Fle1 BEARUVELMIORKE 2014F586A
1NTU Z EEl =& EC T BRI EFEKLT-.

20 r n — r

RE@&LH)
— MEXER)

REEME ()
— o
@ BwyTHE

0.02

N

(NLN) Aupiqung

----CDOM (mgL )
4 Sampling

i, | B

M#&R)

BAB—EIREIZH I+ 2014 5 A DBERIL T .
B & BHDE <, PKREORANTR Fig 1) o ;WW e
5820 BOMMEIX 1 BRAEE 2mEEOKRRETHY, T
T DO DM R VBEDEEERT (Fig.2). FK 6 (VPN IFADURON . PO DI DO
B, BFEINE Imm UL LOBRRMNAS BULEEOH S 191200 20000 201200 21000 21 12:0?4“ 22 000
WEDHABRZREK LR, FKEEERTIN
A L TLV =,

2013 FE(XIZIZEEERI#E L, TD & =0 CDOM
X, BEE—Y &Y 2 BREERMEMZ R LA,

REED &S ICERMADENEEIX BERU CDOM Fig.2 5 BREIBRNRED AN >=%DODHTHE
DEHXFIFRA L TH-T=. Ff=, EmEiG B 18 ReREs COOM R UV RE D FE)

B BLUBMREG A 21 B)DBFEERIIHL,
MYPBERBRKOBBEEREISVEEERLE
(Table, 1).

CDOM (mgL™")
o
2

o

() EEYTH

KER/HE (mm)
(=]

w
—
w

E%]

2013 EDHE L LT, 2014 EDFEFE CDOM 2
EXE-THY, AEEICBVLWTELBRI/ BT S 0 : : : ‘ 6
6 H o)ﬁ% & {){#ﬁfttﬁi*ﬁ%{t?é%if%é ) 19 12:00 20 0:00 20 12:00 21 0:00 21 12:32‘/ 20132 0:00

F1-, BRBOBEEZRISMEEZTRLTHY,
FENEREEE NSy TTEARREFEO>HADT
AEICCDBRAEZRNFTELTLSIDERES

Fig,3 ZRHRMDIEKEZEE

ni-.
—EII(2 8513 B EHHA & K EREL TH T
- Samp| Dat 18-M 20-M 21-M
BY, BKBRIC, ki, FEEHETRHETSHC TR 016l 0. 322 [ 0188
LT, SHICHEMERBRZRET LS ENTES L DN (mgL ") 0.103]  0.110 0. 149
Bbh3.

Table, 1 ZZEHAMGD TN, DN (2014 F5 A)
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MRt Al RE T hIKIRIE & B
VEZR] OWELIZEITT

AHEOERICAITI-HES

*HEF ii— CRORZERERE) |, ARSESR (RN RED)

FTNETIE, BERFREMUREICS < OREM
N Z o7, W TITERBSEIMEL, £<
OWTIEIT A anRE Lz, 74 2ld, v 7 /37
TUVTRREIHEHE LD THD, VT /7T
U7 ORI, KREETD ERBAER, BREK
H, IDICENZ I ANRIC O EEREE EET
HTEHDD, MKTREET DT I N T T
2. 2L DBHITIZ X AT 4 A THHN, HE
WL TETIFRFRv R aay I R 8 KEA
TH52L8HD, T, HETIIV 7T ED
TN TIUTMRIEET DB, TNHEDTED, WV
bdd [TAafii k. 7 /7T ) TR
DONTEKTRELDEEZOLND,

EAETITINETIZZ S OMEE N, T /A
77 VT ORMHBRA « FAEE ORIV T
NG T T REEEOBLBRAIR O e & dEsd . £
ETIEHLT /R T VT LA RAWE %R 4

THEDO LN TWD, T7hb6, BHAEOTEIE T,

T )R T Y TIZOWTEEE THRIBWVIFZED 72 &
NDHEDT70 ., BARDEK - #KIZBTHYT /
N7 T U TR 1980 R L HIEE T, R T
My TFZADLNZH D, Flo, VT /3T T
U7 ORIEAT, RS TR R SN 5 BRE
METH Y, KIEAEICHE ) BFHIHEICEEMIED
b, EOIEELEROERE OB 72 XD,
A HEBZOME LTI TN 5,

UL, WFERSEIE D OIEIL LR, v T/
X7 T U THGEOREML - ML ER, BAEVWD
MO S TOORNVIIFmEL > T D, Bz
X, SEBIRIT RS AARERERITEEKR RS, B
BRAPRGIIARERBE SR 72 &, Mo b ST —
IEENENICERRBEDOLZEZTND, HFXL2OD
HFICIR BN R DO TlX, B LWiFZED 7
AT TREMOEFH N EL L <, BAEDO T
I RTTUTHIZED & IR DR BIS D72 6T %
DHDHZEFHEETERY, IbIZE, ¥ 7 /7
7 U TSRO - Mo, R b A O
TERZRIELTWD, FlziE, WBICT 4 arsgt
LCLESLBGRIZEITEHEN2IT VTR, 4 -
e BRHIFSHSIC B W TR &2 B ZE DT R3A R
EUNBELT S, BN, TTICHME SO LTINS
T A G O B Y et E A o L
SN BIRRIRT AL 228D D 2 LITEE LW
DONRBRTH 5,

KEBARRRICBW YT /AT U TR &
TEREMBEOMRIE, OIS T IR0 T I T 52
FRHT 2 HAffic >\ T, TAEBPHRO Y — &4 —
Uy RN ERE L, SHICZCE o T
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NFEOREAL « fEEICERT 7202, T /"I T

U7 %[ U HED ECEERFMT 70 —F b
BRITDT T T A — L EBEETH LN,
BOMETH D,

WA BBFBE (transdisciplinary) W90 &R S5
METFENFEE SN TS, T /377 ) 7 RE
1. (DA REEO AT — 7 RAZ—REP 5
METH D . AT 72080 b O 5EE
DOWIIBEL T2 D, S, T 30T VT O

BT, THEET v Ese) LFR LT Airiii e 12 2
T5, ZIT T8 Lid HKB XOMAKDTE

WEME S DUNIATEED ST 2 87 5 ) 7 O WEER
M ThbH, BNETIEZOEENELE L TWAHTD,
AREETIE T8 #5235, Fxid,
DA T s & HiCfest L, 80 Fps
PEAERET D Z LI L - THREE RO D D728 D
gt L. TR DT A 5 7 3 & B A
NRBLEDRN ST 7T U TICEb 5058
EROREEXD 72V, THAET7 vy TiE, &
F X FERBREERICT D7 A a OABAEREFI K
JIGEFRI L, TN ORREEROERIRICHTHT
FaOEBAERZNSETT VEBET D, 2
k., RS TR 53X ERKOHEITHRE
SKHE L, EBIIEIT AL 5H8HAMEORERRE
WAEBEDT= 0D, “FIE A 2 i T 5,
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1. [FC®HIC
ENWVEICB T 27 A a0BERAIL. BEOK
I DIRA e 2 BRI LooH Db b DD,
THRIC2 > THE LIEEFNZ S HEINTEY .,
RIRE L COKEE EORMBED—>2 Lo TN D.
Bl 2 1X8 - T TIE, 2011 H2H) 16 =SV ICT 4=
DERBENPBOLNTLR, BHIZTAanikonsd
A N b ALY

TA BT L FEE LR, EMSEICL DA
PBIRIES, 7mn 7 4V as 74 a2V T = URE
DT E VS TALETENR—RTH D03, T4
S DZEMZR S OBINIZ) E— b U T F
ERNESTHL. VE—rRr o PIckd T4
RN 1980 =R DTN TERY , THEOFHEE
A= DRI F OB R ENE L -
LelT T a.
AREXETIZ, VE— LI b7 42
RIFHECOWTRN L, 7T A28l EToORETH
5 (1) TAaEKAMBDEDXRB, BXWY 2) 7
FaOBEOBIH. [ZOWT OISR EHET 5.

2. MEEHE
2—1 HHE

BiZ W T T A aoEffRELAE (Fra T
g a T4 avT =) BE BLXOKKFA~NY
MMOREEIT-T. FAEILIT T aBREFRE LT
2012 4 8 H 3 HICER 7 MO LM TITo72. £ 20
MR OEFDREED B2 DHTICEB W T, KB LD
R B7 A 28 (F\E - FHIF, 1995) 2k 57 4
I LUV D FEEIT -T2, [RIRFIZ, FieldSpec FR %
FAW TR — RSN (400-2500 nm) O KA
A7 RMVERE L. BRECL 72 KRNI BZE DTS
R L7, F72, 7 A SEORTBICHIEHE & TE
HIZBWTKERY) (B« ~A - THH -« 3)
DR AT SV ERIE L.

2—2 HEEE

AAF4ETlX Landsat M8 & MODIS Wit 2 FE¥H
Off R Mm% 2 ) L7-. Landsat [E{8 O S ITE W
ZeMfiEGE (30 m) & EWBIHIM (1984 4 - 3L
E) Thbd. o=, FHREOEEIZHBWT, i
% 30 AE O T A 2Bk 2 BT 5 Z ENAEETH
L. L LR REET 16 HERWED, &
HECTOBRICIIARME THDH. —J7. MODIS &
BORITBREYS 1 B (FaiEF%o _m) &
BN, TAIO AL EBNT 52 ENAHET
HD. LinLienn, ZERMEENRIKTH 250 m
EHWED KB IE UM IR E Th D.
2—3 TAaffEE

2,

WERBGENO T AR T 572D OfEE LT,

AMFFE Tl Floating Algal Index (FAIL; Hu, 2009)% fif
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JE— b2 UTIT&KBTAIDESR

WFE—, I TFIGEE, fAil—, WEREZ (FEK)

A L7z. FAI I378(Red) * ITFRFM(NIR) « H [ 7R 44
(SWIR)D 3 SOfif /N FOE R 2 RIZ, TRl
ORIZE>THAT L ENTE D,

FAI=R(NIR)-(R(Red)+(R(SWIR)- R(Red)) x
(XNIR '}\'Red)/( }\'SWIR - }\fRed))

Z ZC. R(Red), R(NIR), R(SWIR)IXZ L E 4R,
AR, PRI RORERTHD. Fi-.
Mredr Mrs Aswirs (FZENEIUAR, AR, FEDR
NN ROHREEETHY . Landsat/ETM+D A
1LZE2 660, 835, 1650 nm TH 5.

3. FERLBE

T A LKAREY) (K - FRFERY) & OB
B Bt a9 5720, B CllE U= K
AR NVOEHR A LB U=, FORER, AR .
PARAMNE CIEM B IEWDITI R SN o 7208,
RIME CIIAREIZER > TRY, 74D RIX
RARE & el U CaRRI R M &2 7R L7
ix, PRRAOPE RS, KK DRI ZE L
M ZITHZ EITERLTWS. E-> T, FRIHRS
DIE R FAIIA FE N T FRRER I E OKBNZE RN TH
D2 EMymolz. IR EERIN OB E W
7~ IEHA bk $E% (Normalized Difference Water Index:
NDWID) %, 7 A a7 3KAMB»ME ST D 6
WO Landsat B ICEA L7-ER, WHF L2 EREEIC
KB4 252 ENTE.

—Ji. RICB7 A afeiE 42 7 A 2 oI wE
TAHREEE LT, TAaL~ vk o7 ()L a
BT av T = REEORELT. £
DFEE. THa L~ 0~2 TIIEBERENE) -
T2l THILL 2~6 ORI TIIHEBE/REV D
HWOXT, BHOKE A7 FABRIEIZ L > TED
N FALOE L RROER 2R L2 LD, HE
HBRICE DT A amo@lix, 7A=a L~ r 30k
THIUIFHRETH D Z LWL N E o T-. KT 4
I L ~YLIZGHET D720 FALOBIEAZRE L., &
s i & VBRI D Landsat H4: (2 Bl 28 ) L 7265 5.
Landsat &7 SHEE L7727 4 2 LU 3B ¢33
WU TFal~yLe—FL T,

T A3 LKA O TE, BXORLEE T A
EEIC L D7 A2 OB FIELHAGEDED Z
P /I S N RS /A N W g k=t - : [[7))
BESCERMEOR ENRAEFND. 5%ITL0£<
DR Y Y —~DOARTFIEOEAYEEZRGE L, 7 A4
O EHEAR O Z BIR LTV,

4. BEXHE
B - MR (1995) 7 A afRiEmata @kt BREEE.
Hu (2009). Remote Sensing of Environment.

-
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* B PRI UK - MIERERBT),

1. FLHIC

TR T TIIRBR ARG R T
IEBAEM TH D, FWFED 5 2 TIFEEIZ 2000
FELL E3SHE SN TERY, OE X3S EWRET
%, SEWMFESTICTB WV TIL, HAWFZEICNZ,
e, MiElt, tkrr v S ERREMREICE
ERFEE R LTS, 7 /A7) T
b THEO 7 a7 ¢ WL Chl & BEC)(Chl a,
DVChla, Chlbh, DVChlb, Chld, Chlf, MgDVP)
INHEBRRDT T F & DWW s LT
AWHNTEY, hoEWEECIZEE K72V Chl O
AL RO D, A¥EFKTIE, Chld B LV Chlf
DAEREFHIEZIZET D HF5EHE 225 Chl D 2L
[ZOWNWTEET D,

. BEMICEITSB Acaryochloris sp. DEFERY -
TS EBERSHERE
Acaryochloris J&<7 7 /3277 U 71X Chld & £ #
BHFRL L THOHMBAD YT ) "I TV T Th D,
Kashiyama ©(2008){Z & - CTEEEM O EIE RSB 12, %F
Chl a b TR 1%590 Chl d BMFIEL T\ D Z & 03
&Sz, £ ZTEEBEWICINT Aearyochloris J&
T IR TVT ORI T A, FivE TR
BRIENOONEE - I LSE ST iRho Tz
Acaryochloris J&> 7 7 /37 7 U T OUIKEED F B
P L7z, & 512 Real-time PCR L& HWC, #E
7K H D Acaryochloris J&> 7 7 2327 7 U 7 OEEH]
0 - ZRISHZ BN L, ZORER. 1 FH
%18 UC Acaryochloris B> 7 /) /N7 7 U 7 3R &
D Z L, BEAROIE S &ITRR Y R RS
Lﬁk%?’ﬁﬁé@&@f~&ﬁ@méﬂé:
, R LRI ITE RN R AT ik
J'EN@QJIE#{E%T%) ZEBbrot,
INEORERNG, THET ChldBBEFRIEDOW
I« FIH ﬁﬂf%é EEZBNTWEZ BTz,
(ZEERAN- ?ﬁij‘ﬁNVﬁ%@ﬁ*ﬁ:T ZBEWTHAHHNZE)
<AlEEER RSNz, F7o, BEEWD Acaryochloris

DT/ NITIVTOHELEEI OO T 4 IILDSHRAE

RG] (R ERSE - BT,
HFERS IR - HhERERSE)

DNEE 7R DOEBRBEICIE IS L 72 AR
W5 ATREMEDN R STz,

(HERNSE L T

3. BOEREHTIZBITSChl FOFE

ChlflE, v ¥—27A—ANTVT)DA hr~
NoA NRENPODBESNT T RN T U TN
t > Chl & LT 2010 FZ#E 4172 (Chen B), &
AEIZIZFRRE ISR 2 b EEWMIREOMEYD ~ v
b#6/7/A77J7Im1ﬁ% THEL 7=, KCI1
FRIZ. 700-750nm fHiE DEFESCAZH L& LT
B L72BRIZ Chl @ \20N % Chl f & A Lim Rt &
WL LAEB(ER)THZ ENTE D,

Chl fAEPEDAREFRIE R O—EE L LT, Chl
[ OFERMEEHLMCT D720, ChlfEEERn
KC1 #iffiia 4 BG11 2RI IR U CREEUs AW
<~ FEERL, AEYTON% 12 h B1/12 h &
THRSL(~» M T 40 pmol photons * s+ m?),
n@f4ﬁﬁ%§bt07y%®%élmmﬁ%f

W ELEANT MAVERET D & &b, &I
ﬁ@é*ﬁ% WrE T 7oL 2 A, SAAE I
(PAR)VSZERIED 15%FEEIT /e D mR OB T S
FEAHTIZIBW T Chl f 3B E SN TV, —,
~ v FERBAIITC, PAR BEEO 1%EEDFFEI
72% FJE Tl Chl f OFFEN RSN oT=, ZOD
FERIIRIROMAEY) ~ ~ SO Chl f i ERE S &
— L7,

B OFREN D, Chl £ 728 H EEiklc X 5 PAR
DRZBLVERAKOEBLRIZL > THEIND
ZEMbhotz, ChlfiFElE, v v MERKTT /N
77 U TN & o TARAEE 7 B L~ o 3 i A A
ELTCHEELTCERZb D EEX LN,

4. BB
TR T UTIZET S Chl OZEkIE, =
%@tkﬁbﬁwfﬁw%% hHv, mﬂAﬁ@%
ITHRA L ARBIRIC L » TR LEITF S 2
NicElLTH D EEZBILD,
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1LIXLEHIZ

FRIL R EEE DR JE 245 5 BN E R EHE Ak
EATHOBRICAR A R 2@ & LTRSS TWnWb, ffix
7R BREE R CERIREE & mR OHE - NI R
WAV FlxIX, D D OO 3D Ao W EE
RV FEEUZ IV T, BRI REME R O A R IR AR 5
Lo TS, Flo, MR EOBAKTIE, ERHIBRAS
BB OEELZNMT 2 LR LN o TETH
Do TOEDIT, BRITHT BB DISENHEI S D
DhAHH, BEICK 2SR AEELENICED 8O
BREIZ OV TR ZER L T\ 2 Lix, A% oME
RV HARAERER DG IR HIC IR D, ARBFZEIET A
aRHREMDONREM TH 5 | ARSI Microcystis
aeruginosa =D\ T ERAE IS 2 SOSEF O B
FRDHZ e HHE L, WE - IRk 2 x4 &
L72BEFEMRIE N & BHEBERUCIZAKF TOEITLAEE T
HHZENRINTND, ZOHHHEITICHER L,
K2 70 FEBRGAE T CRUHERNL IR LS PFe OFERUEE
FRIETDHZ LT, VA RORE L R C)EREI
(ZRAE S 58 % T L 7=,

2. KBRAE

Microcystis aeruginosa PCC7806 % ~ A 7 v il I
L 7= Fraquil*55#1C . 1R 27°C, JEHE 90 umol m?s™,
14:10hr 1 27 )V DG S TR U 7o, B5H#iIIE, pH 8,
BRIEFE 0.1 uM, EDTA 2% 26 uM (PR L. £ Ofho
KA IIBEAE O SCERE & [RIBR & U 7o, R i 4 1
\CHIfZ 0.65 ym A>T LT 4 — EIZE LT
DI OSRBERGERICH W, gk U T REZTRML T
VN2 Fraquil* B R 2 8 - I HE L, 7o v — 1
(Z[EI U 7= e 2 Pyl S 72, 2 212, ETDA & L<
1% 7 VAR EE(SRFA) & 85Tk S ¥ 7- PFe N L7-,
B - BESRIEC 2 WEIEHRIG R Lok, Milnz 7 1 14
— FicE L, & 5I2 EDTA/Y = U FRIAHL & B ERIR N
v 77—V MRS Lz PFe 2%V L
oo TD%, 7 ANE— EOBRBRELZNET D L
T, MlRANSEE RN L, £7o. SEIGAER & Rk
DEMETIZBWT, F—#k% L — ¥ (Ferrozine) & IRN9
%I L TR EREZITV., BB IEE O ERELT
STz, HIRE LT, @k & BRI e LTz,
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3. HREBE

EDTA Z# VU B & LT L7EGEE, BREITE D
FAEROHEE S 100 5L ¥ L= (K 1), EDTA &IZ
BT, WEOR D WK ST T T PFe BHGHE &
Fe(I)iE e 2 & L 72 /558, 500 nm LA T O )% TR
L7z & ORHRILIEE & B EIC R & PR A2 KT
LCWeZ Enh, SERUIER TSIV IMT 5 2
EWRENT, —H T, AR EIYH L RELTH
W E . BERM CRRICEHBEGEE A < L 30k
SEEURFG AT K 2 BRSHISBBUC RIS R & R A &
FEE 7ol (K1), ZiuE, BSR4 CEEIT Y
BEULTWAZ LICERLTWE (K 2), KEick
JAEITIE, tOET ALY H U RTIIR Lo T,
UL EORERIT, BEIC X 28BEUTY Ty R L iR
IRV EEEZZTHZEERL TS,

01 é W :dark

O :fluorescent light
:simulated sunlight

0.01 4

0.001

55Fe uptake rate (amol.cell-'.hr1)

Ligand concentrations

1. SFe BRI KIET Y H o Rl & s

1

©250mg/L SRFA (Solar light) 2 250mg. SRFA (Fhiorescent bght, mun1)
+250mp/L SRFA (Fluarescent kght, in2) # 250mglL SRFA Dark, runt)

D50myL SRFA (Fluorscent kght)

% 250mgl SRFA [Dark. no Fe)

Phato-reduction °
& <

*250mg/L SRFA (Dark run2)
m50mglL SRFA (Dark)

Darl reducticn

Concentration of Fe(ll)-ferrozine
complex (M)
Lo anme a0 0 e o o
o

0 10000 20000 30000 40000 50000

Time (s)
450
AEDTA {Flucrescent light) o
I ) Y ]
N 350 4
2 OCit{Fluerescent light) 0 Photo-reduction
5 300 mCit(Dark) a
FE @ .
£ 200 8
QE 150 ¢
28 1w & “
A
g 50 a B “
o Y
% 0 ry Dark reductiorn
o -50
[i] 5000 10000 15000 20000
Time (s)

2. TNVARERL T VY T2 RRTOEKE T IR R
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T/ NI TIT OB BREEFREOSHREERIIEL

R /NUREFE ok - B . AUIEER Gk - B . REPEsE (UK - 2

1. [FCHIC

TN T D TIRYOK, K, R bR Sk 7n
REICOMLTWD, —FHT, KENHLDNET xR
NF—PE LTHERET D700, BEROREAH)
TTHIRT 2 TIE—H L TWD, 2D7H, @7
AT T AR A RN D2 & T, &
KWOBRE~NRINISE L TNDH EEBE B
TWb, 7 /277 V7 O A REHT kaid, kaiB,
kaiC LIWFEN D 3 ORFFHEIS 752 — NI 5 ikF
FH2 R EIT & o THERRE N D Kai 7 > 87 Bk
HEZOTREELE L WD, T INNITITO
WEH U X LB T D F AR FEp A TR AR E D
Synechococcus elongatus PCC 7942 B CHH N2 H D
T, INETITHRA 2T NI T VT DT ) A
FCHISRIE SNTZRER, FEAEDTT I N7 T
THERORFEEFEY FEboTnH I EN
I TER, LonL, INEIZIRLS AT 5
Prochlorococcus 13 kaid %= H > TV, FEiz,
Prochlorococcus ¥8 & AMEPED Synechococcus JIE,
Kai # > /N7 BKFH ORI R A EE O A U X A
AnE Y D FER 22— N D8 Fo—i%
KELTWD, TNHDOYT /AT )T, B
EENDIRVINEIZER L TRBY . ZOHEISE Y >~
7 L CRiFHBEE G O —#a kot B2 6N
TWo, AFEFRTIL, KaiB ¥ 37 E (100 72/
FeFR IR FE O RAFE DR WELYI A2 ©2) 1Z3EH LT,
—EBORFFHAF R ET DWBETAE L FRani)
FERHR - OBLHNEAL IS X 2 X7 1 REBEIC G- %
DB HMCEHMI L, 7 2 N7 T U T TR
AT BDOSERMENAE Ul > F U Ao T
vl
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2. MHEEARE

IR KOO T 2 37 7 U T O kaiB
BAR O A kaiB 85T % Synechococcus
elongatus PCC 7942 #% (BtH U X238V AR —4 —
B FPAEAFER) (EAL, AR R E=
&Y 7 AEE TR B LT,

3. &R

Kex7oo 7 ) 80T U T D kaiB s 18 L O
FIZERMEIZIE SN TEA LT A B kaiB BAST D
AY XLIZE 2 D882 3010 Lo/ R, 2k LTz
KaiB BlAIDfE &« D7 I/ BEEH (ZER) HALIZO0
T, R ORIEMEIC T 57 2 BdFI12 b & B Rest
T OBAR TR BLHI SRS RE I T 5 D BLAI 2 L &
W TE D Z RN noTz,

4. ER

Prochlorococcus FARLHNEMED Synechococcus FAT
. W H B O PR OB TR EEIE S 2T L0 H
ML TWDZ EnT ) KBS PRI ATY
%, ZOH A FEELS D REFHA T ORI LAY
KaiB (T Z SN 72 2 EAVRIE S L7z, KaiB (351
DRIFEDE VR FTH Y BUFO LT /87T
T DEFNIO SN A T Bl A HEE TE S ]
REVEDN @ %, KaiB OHERERI R B L2 RAE L7 Z & T,
Bpat s 27 LAERIL O Z MRES D 2 & b AlhE
(27 T& Tz, &7, BEERICIEL TV YT
ST T VT ORI S IO REHEIE 2 KR L
TWHHORHY ., ZNEEZDT, RISNREE
K DB AT 5 2 & T, AERBRE L U &
7 LTAEHRFRE S AT AL OB R E 5 &
FFEhs,
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= AN

Beata Bober. AT (LY RIEHMT - 3K) .
s (ZafEet) . ik G (RN

* JRUHAE—,

1. XLC®HIC
BUE, BREMZEICIVIBAERIZBNTT
BHENKERAET LT AL NI BENAR LT
BY . HAKMERRO AHEES, D CRWEOEL, A
B LEWOEAIZ L D AN, 4. BEHM~DIE
CxahetkER EoREMEN IS ST
Do THAUDEMERT DL LT, AWFSE I
ARERITI T 2 T » BEIR O HIRETE ORESL % Fe s H
MICEE, Z2O—BRE L THHARRICBITS 7 v
B OEIER O ZRAAR TN D, AEIFER L, &
MinED X DIEEN, BH, BIEHL, WINIZKRO
EEZARHTLORBETH D, HEDIX, 7
2B D 2 OO NOFEILEMIC &
STHE SN TEY, ZOWHEEZHIETLZ LK
D T BSEHENE DRI ATRE & B LT,
2. MM ETE
Z & . Microcystis aeruginosa NIES-102, 298, 843,
7 VRO - EICMA B X OVCB B a VLT
PUF O CTHEFE L7z, 28 umol/m,s YEiHRe S T,
25°C, 80rpm TR & S 538 L7z, DO OODOOOO
VOC 7347 % 0 GC/MS #5 K U SPME GC/MS (2 &
Dol EITo -, OO0O000O0O0000000
TE R il — EERRZR) 1R D FRASE 3 L OV A
WcEEOHZEZ T W5, DO0O00O00O00O
OOoO00ooOoooooooooodoQg
3. BREEE

Bolt, 7 B NBREA S, WIBO T 2 pen
HIRT DERIC LIF LIFEE SN 2 BB R DR
N#ECToH D B-cyclocitral 287 L D ATRERIZE 5
LT\ % ATREMED 4 S 41TV %, B-Cyclocitral 13,
B-carotene 23HEMEMEEZFF{ET % carotenoid cleavage
dioxygenase (CCD) 2 & VB {LAIZ o0 fiE S du, ARk
ToHEMEEY (VOC) THY, BHFHLHN TIX
ARET. T BB OBEEDERIZ CCD DOiE (L
(&0 AR S L, MilasMciitEns EEX LT
Wb, E£72. B-cyclocitral (X7 U EEOHFTH T A ad
FIRIKTod % Microcystis DI DBEALEL TND Z &
HBLRR, {i[#, Microcystis J&7 VFEIZE B &2 D
WIS D LD RICEMEHELET HLERD DD
Th A0, HHEHIX, B-cyclocitral @ JE A4 1%
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Microcystis J& H & ODEEBEHIHET 52 LI2X 0 H
COEFZWREIZT D, ThbbrATar v
T DO—BEDOFREMED B Y | Microcystis J&DEIEERIZ
BE325LELZLTVD,

— 5. B-cyclocitral D% HiEFE T, Microcystis J&H
D VOC & LT 2-8 L U 3-methyl-1-butanol 2345 Hi
Ehic. ZH OLEMITEERHT IV T b FEA D
I TBY, 7I /A OTRHEDTH D
2-keto-acid 7> 5 2-keto-acid decarboxylase (KDC) &
alcohol dehydrogenase (ADH) (2 X W pE/E &, BERE
BT D ERFEHMEOFRIZEME CHDLZ L
PHDILTND, HE DILT VIO ERIERIZE N
T, BEBBOF U REBREOZ LWEHIZZNG
DEAZHR L THEY REREOK T2 EAFO
LW PEAE - it & D 2 & TAERIEE L
DOIEFRImEWE & LTS, RfErITIRIRZ: SI28
TSEDLLEEZTND,

— 5. WIBERE R TIX Microcystis J& 7 v LY
RO EMENEEG T HEEZ LN HBRNE
ELTEY, ZIBD Microcystis J& 7 D ETEER
EHOFENRNY L2 DLEZTND, HEDITZZ
10 EAE AR 73 ) 1 IRE AR I Z 35 C L &
BIHAOFHZCREBIER (Ee, H b, Z2PRIHIK
Bige, IRIR, TBREZA L) OBIZELE L T\,
NHOFBRIZBNT ik L7z vOC Z#/itid 5 &
E BT TR 7 BB O TR FRIEL b
BEL WD,

MR DAERR % & O - BRERBEOW L, BlGH
G LT, BN D EOREICELITET, &
—ANA = ADIRED IR SN TE LRI L T
W5, ZOD XD IR AR D HEGwRO—DI%.
EETE DMz BRI 2 2L Thh, 22T
A LAY Z RO X T b ARTH YT 7 a
—F a2l HBTND,

-
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B STk

Harada et al., Microbes Environ., 27, 525-528 (2012), J.
Chromatogr. A, 1217, 6122-6125 (2010), J. Chem. Ecol.
35, 1295-1301 (2009), J. Health Sci., 55, 578-585 (2009),
Chemosphere, 71, 1531-1538 (2008).
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BEKERERIZE 1T D 7 A 23 microcystin D ENFEREHT

PRI (RN - 2

MEARERICBIT A7 A a g nicrocystin (LA
T MC ERST) X, SEWAFIEREME A RS, S FE S E K
HEEMRF L 72 E~OHEZ LI T MC TR E R ED

KAL) OINTNE - PIBHICERET 5, T HHEEIMIE
SR TITMC RO 772 B FHINAN T D MC I K 2 Btk FE
B LM ST, MRS R & EkiE
FHORE L 725, F-ERLHIRIC K- TXE#HE AR O
LEInNdZ bbb, Lo T, BWEHIC L 55K
HBEE~OHERBITEHE, FIKERRE L ToflifE

PHpDARWEDICE, EREMICIHVT MC OELY IAK
PR, BEEEEMADZENEHETH D,

Wz ATz MC D4R « BRETFEIIANZ T U7, IR
AT LVl EERRIAT 2 HFIERIR IS TVWD
MC IR ERNIC IR IR ERME TH Y, %@/m%m
F SIS WIE TH D, Lo, 1992 76 1994
EE TOWBNEB T 5 MC OGS, 1FLAEDMC
XEERHICAFE L TR Y, KHIZEFET D NC &ILHk
TOGHRICHSNTHME Bueg L'UT) THDLZ LN
R ENT-, £, WREED NC BEX, 7427 1—
LORERICIB W T HIMEIIIRIZN T,

ZHBOFERIE, WIAKFIZBWTIT SO MC o fiks
RN TWD TREMEZ RIZ LT D, x i s 7Y

TIZED MC OFRICER L, BRaHH S HEE, FE L
7237 7 U T 16 ¥k & VT NC O fiREE ) DA HEZDU
THERZAT > T2, T DFER, 14 BRD MC 43 fR=RI1% 20 H R
TR 200 TH-T-DIZHK L, FHEHETHDZ &N
O ER 72 Y2 RRIZ 20 gml ' D MC % 6 HE T4
THfR LT, ZOERID, RO X D72 MC Fr it
WA CIIFET B2 615,

DOFED, WBIZBWTHERA LTz Microcystis Tk > T
AEPES T MC X, MO B O, FidnNs T
(X DERAEC L 0PI Lok, Y2 Ba S
Lo DFEONT TV THEIC L > THPNITHEI
HEBEZBND,

AN I T 2 7 A amR DO FHILE) & AFEZ(L
DWFFERER > B 13, MC IR D LR & T EROFPHIC

DWTHRHNTE 5, 72, WIAKFOM DIFEALE
M Microcystis OFMIBINIZIFAE L, IEAFRED MC 1314
BETHLZ ENPPH LN RoT, ZHEAZT YT
FEEEIC L D 0 DFEIC K-> TR T & 5, Wl
SHETRFICE £ D MC DIFEDHEIZ OV T,
INETOEZAMHRINTHORND, LINLARND,
JEVEIZ MC 23WE S5 2 & NN TR LR E
nTnb,

THABRT A amHE e SR BT L0 ) FE
%, BUSOKAEEY~DOER L WG O rThReE
IZOWTHAEEONIIERRE L L THERT 24N H
HTZ EERLTWD, £, Bx LT A aHRLFF
BT DM 2 R O HEEL T D, 2
LB OF & F T MC S Al OB E A B 5 232

ﬂM%%%ﬁM:%%ﬁézﬁf%h/,mﬁm
BT LT A amRONMIZHW LN D 0 - BrE
FEZEOMAZIGHT 2 Z LS5,

# 1.
DR E (Dziga et al.,

R T IVTIWZL BT A 28FE microcystin
2013 L v )

SRE

N3 A (mg L1 day-1)

MCH RER BRI

ACM-3962(AF401173) mirA 124 Bourner et al., 1996

Y2(AF401174)
MDB2(AB219940) mirA 54-13
MDB3(AB219941)

Park et al., 2001

Spingosinicella microcystinivorans Maruyama et al., 2006

Spingopyxis sp. LH21(DQ112242) mirA 0.002 Ho et al., 2007

do. TT25(JQ398614) mirA 0.06 Ho et al., 2012

Wang et al., 2010
Zhang et al., 2010
Yan et al, 2012

Alamri, 2010

do. USTB-05(EF607053) mirA 101

Bacillus sp. AMR1-03(GU294753) mirA 2
EMS(FJ712028) mirA 12

THN1(HQ664117) mirA 2.55

Stenotrophomonas sp. Chen et al., 2010

Novospingobium sp. Jiang et al., 2011

Psedomonasa aeruginosa - - 24 Takenaka & Watanabe, 1997

Ralstonia solanacearum 29.5-50.5 Zhang et al., 2011

Paucibacter toxinivorans 0.096-0.384 Rapala et al., 2005

Burkholderia sp. DQ459360 - 0.05 Lemes et al., 2008

Methlylobacillus sp. J10(FJ418599) - 4.9-6.3 Hu et al., 2009

Trichaptum abietinum 1302BG - 0.08 Jia et al,, 2012

-55.
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1. FLHIC

T o< 5 2 IRRBIPEM OWFZEIX, R LT
DICED BN D —H T, AHWEICET 20986 %
NTH D, FRT, YPKFET v CIIBER B %
BT 2GR ZHEEARE STV D, bEY % i
L CHEERET 2 FIEN S, LC/MS % v CGRuE
WM 2 FENLRE-> TS, £, AAEEE
DO HLEA TN D, TN Z2 0T, BRER T
& LC/MS Z5#T1T & 0 MR AT T~ 2 WF78 38 2
T&, —F., BET VEBEOILAMTH D
dolastatin 10 DA & Hifk CD30 DEEIKLTH
% adcetris WA F U LoNEE RO Y v
APEIZRET 2 HIRAAIE LT 2011 4RI K[E TR
INTz, T B 2 KAHEYD OMEIESFEEL S &
ICEFKMOAIRE LOAERNEROT 2 B L
T2 x ORI AT D,

2. MM ERE

RIKPET B Anabaena compacta (NIES-835)D
b2 S RN RY S N = £ == g =7 ) A= ey R
1 HPLC CTIEMEME 28 L7, 15 B 7zis e
DOFEE % 2 ot NMR, MS., K53 fi#8) D Marfey
BIZE 0T LTz, £lo, b e i2ma<ss
T2y BITRT DBHETEME b SO E & VTl
ELTZ, 612, MM-GBSAEIZED RyF o TR
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FZAARDL B 2 RAHEVDEESHME

* PPEFHESC (b K - HIEREREE)
Andrea Roxanne J. Anas (ZIKKRF - 3K)

2T 4 EToT,

3. R
BTG E L, O — 7 PHEZEWS
L1z, ZOREERER L OBERICIETET L7238,
BASHNZEE NS @ spumigin A & & HIZHIEWE
WFF B AU spumigin J Efd L7z, R hr
ENCHT S ICs0 728 2.1, 49uM T, 77/ B
(295 ICs0 28 0.2, 0.7uM Th 7=, WHEIE
END4—AF LT 0 L DOSARREOREICIX
E LN, Ry ZAXF f OFER. 2O
BLEDSEMEIZ O RE BT L LHEE SN, KR
spumigin A @ 2 S{EA b v B Tx LR FEE
EEERTEEZX LN,

-
—

-
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4. EER

LR A B CTABROMR A E X D L X
FINNNA Fu o= L TE AR
T, 2 IRIEED OBRFN T2 LD L 512D D~
ED, T UBOREESEREE EO XS IZAENT DD
BZIRTUIR DR, BRI 2 RET 5 FEN
FAHOTCEEEZZE, 73 V=73 anyaxo
JACERERE, T VEBOILEMTAT T
U —Z T 5 2 & TRIZEIFFRIC b A BB AT 78IS
LENT D Z EDBEENS,
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1. FLHIC
IR, BRI WM T T 7 b RS
DEALTERY, KWW Z 7 b ORd &l
RZSHE 100 um’/cell Kfis D/ N 7 Z > 7 kv D
B HE SN TS, ZTOFSE LT, 1980 41X
12269 um’/cell THoTAEY T T 27 kv O
FOAFEA 2000 EARIZ1E 56 pmi/eell £ TR T L7
(Kishimoto et al., 2013) , —fi%IZ/NUNEH 7 Z > 7k
IR ONY T T 7 v X0 R S K
=<, HAEFEHRE H K E VY (Kagami and Urabe, 2001;
Mei et al., 2009), X~ C, EEMICBWTHEY T Z
YU MR D IRAEFERIENEL L TWD AR
PRI ND,
ARFZECI, EEWICB T MM 777 kit
BT — ZICEDSNTKEMAEREZHET DL &
B, KIEMAEE~OEWY T T 7 N FEOFE

R L7,

2. MHEEARE

Wit 77 > 7 N A LD AKRFEMAERITFEAR S
(2012) DIFIEIZNES TRMli L7z, 7205, WHE
WRAELI U 7= FE R A R e (17B)  HiUR ORE )
T NOBRT —%, KET—XBLUOERR
GEOHFET =20, KEBOKIE - ERE
Shischt < W75 v 7 b RO A HEE L,
B FEBRIT K o TRD I BRI - NP E O
JHE - 7K - A R TSRO XU RAT

WMBDARSAARRE LTOMNRS T/ NI T TOEEM

*FEAE.C FEAK BT, AT GEERE - 2T

5 LT, HrOKETHBOMAEEREZFH LT,

RO e B 2 KRG NSy 45 2 & T
O R FERIA PE B A 3R, FlAE O AAEMIAE PE B 2 i
RS Z & TARKMEMAE B AR Tz,

3. #BR

B 1 AR KA ERIAE PE B ORI L E R, B
B TIZZ m a7 4 b allRBE DS 25 30 4F 0 R I 4
L7zIZ b b B3, 2K REhiA pE Bl X8 Me M %
AL, 2000 4ELLREIT 1980 AEARATHF: DR 3 5FEEE D
BETIZFMICHRE Lz, 777 b ax
DALY, xRy NTF 27 ko (4000
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H
BREEBR R &)
um’/eell LLE), KFF /) 7Z 27 v (100~4000
pum’/cell) , /NS 2 77 7 2 (100 pm’/eell A
WAL= L A, BKEMAEEOHINIES L
T/NRISF ) FT 0 NACERLTWD 2 LAY
Lk lpotz, EEWTIX 32 oS 75
7 MBS, EDOH 15 BN T NI T
U7 T -7 (Kishimoto et al., 2013), L2>L, /)
F )T N KB AREMEFED Y YT
PRI TV T OMAEFERIT 4% L& D TR Y, i
FEORKIEMAFEROWPERITET L2 LHHL
meTe ot NS T )R T ) TIERHAED &
WL, BT T b EOERE LTI
MThdEBEZDLND, LoT, 4%, KRERESR
BT DN T IR T U T OxRENEZI I
L, KREBRICKITHELML TN Z LN
IR RAEREROMFFOT-DICHEETH DL & F
ZHD,

= 1

m r

czo_g_ S-nanophytoplankton %

2@0.8— [ ] L-nanophytoplankton 7

50'7* [l Net phytoplankton %

S 0.6 %

s T

© 0.5 o 7/ o

Q 7 ]

>0.4 %

] W

£0.3] %

s 7

0.2 ]

g vl Al

§0.1— Z %

£ o R

< T
O AN LOON DN O TN LOON DD =N LOON 0
DOEDRVDPDRDNDNDARBRNOOODOIOSD
oottt lotolotote tets Tt te te e Tots tatolaletelelalate]
rrrrrrrrrrrrrrrrrrrrrere e AN

X 1. FEEHS AR (17B) ([2B 1 DEEL KR
HlLAE PE B ORI 2L

51 FA>CHER

Kagami and Urabe (2001) Limnology, 2, 111-117.
FEARD (2012) HARBEKFERE 77 HIRSHEER
££,1009.

Kishimoto et al. (2013) Limnology, 14, 117-128.
Mei et al. (2009) J. Theor. Biol., 259, 582-5
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1. FLHIC
HREHCHVE OB RBICDES, HEA B8R
BEOTN—h (T4 2) BDEBEICRELTWS, T
F Tk EE LS, KEEY~ERELE 2,
RE AR D Sk e AR LTRY, Ao
KRB MILL 7o TND, TAaRRE LTUE, H
PEROBR 0B B 512 K D RIRE O FIEN B D03,
BREEICEUE SN2 A2 FEITRMNLTH D, &2
AT, T A = UK EREE 2 BT D R <1 A PR
EHE D, WEKPICERET H2ERRE LN TND,
AL, Fiizlca vERmDONA A7 40 (BF)
R, KEORMEIZEEEOZBEMEN RSz,
K 20 BRI D AR HE R TIE, TS T ~ B D FEHE
WCHERB T 77 bk Ui 2 B istE %
ATHIEABBEICNEERLTRY, AERHER
W ORAETEI~OIEHADIF SN TWD, A TIE
3 UR0KED BF OB, 74 2 ORARBR
WCHBTH DR A RET D, T LT, Ferlng
TRERE TR L WVIKE IR O MR & R 70 VR A RE R
DRI HONT, KESLI VOIFRZENCE X D,

2. MPEARE

ACHEE I o VA E B A R OWARE 2 Exi gz, 1l
KNI E B TKEBS XN v oREEZITT- T2,
KB 2012 4F 5~10 A H 1A, B & Z X%
E, 7HEEEEL, F23 U0, 2013 4 5~10
HIZAH 1A LTz, BKEGEHIMEAR KL
Mz, 600 [EF&HET 5 2 L2k K/ \A 47 1L
L FEEL, WEEARE STI0! EREFHICEBIK L T
Mo =— 2R S0l Lz, 3 U I3RE LT
W77 AW TEOREILAEL TD BF &
HIBEL, WAEZARKCRE L7 b D% BF B
Bl& L7z, CT B:HiCRE# L7- M. aeruginosa (Mal7
FR) 2% 1.0x10° cellsmL™' T 48 7 = /L7 L — hiC
08mL F oL, SHHEEEE L-MEOar=—%
W TG, TR E LD % U = VD M. aeruginosa |2

-58-

BRF b - AR e 2 RE CRUKREE - )

PERE L7-, TR 25°C, JEBRE 100 pmol m™ sec”, B
5 4] 14hL:10hD OZRAF T T 2 kT2 L7242,
SEPASER A P TR L BTERRE A R L, M.
aeruginosa (XS 2 BpaME 2 i - M LT, &
2, FTHOWKERROT A 2IRML M.
aeruginosa ~DINREF L T2,

3. BRLEE

NI CEEE L2 e S 0ZENN S 7 H L 8 IR
AR SN, TOBEITZTNETN25x10% 3.5x
10° CFU g wet weight, /KHZETIEL 8 HiZ 7.8 x 10
CFU g wet weight THRH &7z, HEHOE D1
Tl 7~9 AR EHIE 3780 D, BT 10°-10°
CFU g wet weight THERS L 72, F 72 /K P EE D £sai
Eix7HE8HIZHK~%1.5%x10% 4.1 x 10° CFU g wet
weight THERR S U7z, & XXE0 b XA AR 13
HEnd, 7V CREMEN 7 HIZ 1 ERESh
7= (2.5x 10° CFU g wet weight), 2D XL 9k D
REICIT, BMEERS S EAA R S,

3 20 BF FUTITABANEE & BRI 3
10° CFU g wet weight (D 4— &' — D% £ T IC
Bt s, £, I UEOHKT N ST 10°~10°
CFUmL" O — & —DHE TR -3 EnTRBY,
= AR ORI AN T A 3 OHFEIZ FLER T 2 FH
e s iz,

UM OREERE LT ERICBNT, 742 (M.
aeruginosa) TIHEARD /L & ILITHEE D A L,
3 R B IXBRMEIF D 2~28% I £ TR LTz, —
FRIGIX CREE) TI%, HEERRD b,

PLEMND, 3 3ESE NI BEANE R P
MR 2SR DA A7 4 0 DR RATZ <
EEBTDHZENHHALE, 2D OME DK%
WUT, H@RT7AaORAERE R TR 237
Sh, BEICELWT Aa0RETHEL LT, K
LI VORI EAIENET B, A%E6ICT
— X EMEAERCAREEEZEZMfTOLERH D,
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1. FLHIC

DR OEYIHE BT 17 B LIEF BN L O
D, FRBEVETLTCOD, KIERITTRK 14 4
O AKERAEFEZRE LT, SMxRE I L <
T, BREREMEITER L TR, LhL, FA
BIE—FZELTY VHIRBRICH L B2 b
(£5 2012), Vol X v KENYEEEND
ZEBNMIREES NG, 22T, ABFETIRY v oWE
N A ELDHZ LT, UroFEEIc>WTHRE LI,

2. MEEAE

BN OFEEICIE, AR, AR,
NS E, WA REEZ AW, SHEE ORI
&, NEOWRA, SR (%1) T 2007 4~
2013 ARSI H 1 RIOBHEE CERL7Z, &Y ViR
FE (TP) MONEAFRAFRIREE, WIiiE, KEDOKE
T Y TRERREE RO, ek, AR
FOHNEEEORHICIE, WINOFHIE SIS
L7z » 7 A e OV & OKER DB O R
ERFICH ) 2 Huniz,

AR L O A &I, S TP IR
ABETEH R (iExiER oK) 43 0 TR
Wiz, 7ok, TR TIROKPEEN THhA TV 5
ZED, MHMEITRERSRZ & ICREROWMARN O
KIEDOTAV R LR v 7 AEEZ R LT bDEE
BLT, ZHbMAREZRE L TRz, NS
FHEIL, AER O TP O OKEOELSHRD
A EXTP) OFESHRDIZ, WNEARTRIL,
WO TP OBFEOZLE (AL) 725, TP Ot A
Afif i &R AREDOZS (AR) ZBRE L TR,
B, FEHERZEN 36 ZB A HMEITERE L,

3. BRRUEE

TRAPAEE) (FFRREEME) 2 H5 &, AL IIERIE
DIET, AR IIMNRADETH -T2, ZDIZ LI,

WS~ B H LERZWIZE b 59, NI
EHENTWAHZ EE2RLTEY, WEARNH D
ZENHER NS, EIT, WA EE LS L,

WTNOFEE S IEOEZ R LT,

P ARTOMAETR & L ik, OBfREM FToE
N6 OEH, ORIEDHEY DRRNEE Z Hivd,
DIZDNTIHE, FABITEEIRE Im EE<, TE
DOVEFIEFZIRE X 4mg/L % FE1H Z S IXZE R0 0
T, BEREMHICR DI WEEZBND, DITHOW
T, FABOIERIZ~ RIRT, AEYICEAT
BY (BHR 2005), AHEHOSRIZE D U A
SNRCTVRBICH D LB DD, AEMICETD
BHE LT, MO DA HEAH
JUDFT OIS, EFRICANAEEIRE 3 5 KAHY
WERL TR, Mk, WIRICHREL DL Z &
DERDO—2ELTEZLND,

A\ FRAAN AR
O MRAE A
O AL s

X1. KEE=FV 7 HEHa

0.100
0.050

oo | R EE -_J ‘ l
-0.050
0.050 -

0.000 -+

-0.050 . .

-0.100
0.100

0.050 A I . I .
4 0.000 -+

2007 2008 2009 2010 2011 2012 2013

AL
(b /FRER)

AR
(b /SRR

NERFAR
(h/3EEM)

X 2. TP OWNE A ] &5 DR E)

4. BEHE
E5 (2012) 5 46 [0 H AKERBE 2256 431,
G (2005) 8y HBRERS T v ¥ —4F#,1,134-14.
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1. XCHIT EEDTHARWINK DAL L % 1
T SR U 7= FEBRGRK M IC/ER T X 572 5, 1k
FICR S TYHE, AWE OMOMEEICRB VT, [
KEFEDIFFEN RIS Z L idiw e Bz, <
O DERBKEHND Z & T, RARIET 57
ODOETNVERERG AL THNDENE TH D,
LoxL, 29 LI ALK - KR OER IR, 2
F Tl 2 OB TREBRANTIT DN Z L 13 H 5735,

—HREI 7R IFEIZ DN TG S Z & id v, — 7,
WEEEZ OB Tl < 2B AN THEK OIERRIE D i
SN, SFEIERNHTETAERICHNONTE
7eo BIZIE. 1940 FEI2IFEEIC Lyman and Fleming 7%
FHRS DI LD NTHEKTIED 5 3% OVER ST
HEEHE LTS (I Mar. Res., 3, 134-146 (1940)) .

AFFFETIE AN T - WIKOFRAMEICER L, £
O — T EGEZOWTREFTT 5 & & bic, fERkL
Te NI < AR DFREMEFEA 217 > 72,

2. A&k AR B REICE SO TIRO &
N LTz, K 20 Umol/L F 7213 1 mg/L LAk
HENTVWDHOZEERRS, 1220 [mol/l F 721
0.1-1 mg/L ZENTNDLHDOEDVEMIY, ZHHR
D H O EMERSY. PO NOy, Si0, & a4y
EOHE LT, OFERSGOH, QFER Sy & HEM
7y @FERSY &SRB KOV ERT, X
Frate NTIIK WK OFREIEZ BT LTz, A
Tk « KR OFENZ W B 33T 2 TR D
D& LT, SiO, DEEMEREKIFHRO L 512 LTI L
oo LT A FERKET Y UL E L HITNEE
iz L7=Db, KIS LT 2 mmol/l @ SiO, AR 1
U MVvE{EST-, 212 DOWEX A 4 22 ks i

ALK - FDKREEDRIZR & £ O %t T

LA, AmE, HEFE GUREE - ARERED)

S0WX8 % 20g %2 C Na A A v &R\, €U 7T
VBB o T 2 ORIET O A BRI & JE L,
SiO, BEHEIA R O IEME 72 IR B 2 Ui L7z, Ca(OH), 35
L O MgO 1T 5 RITIFKICEE T IR AN LTV
HDT, CO, HAZBL CTETCERMS T,

3. EREEE HAKHICIIT A - WK
WZOWT, ZNHICE END EER S OMEEICH
D& NTWK < WIKIERCOBLE B K - ]
JIKZREL 6 BIEICHE L, 12D 7 n
—F ¥ — F 2 1ITRT, 20 DOHBITEDSNT,
N LK« KD FEFER AL D 72 80 DI % |
CaCl, * 2H,0, Ca(OH),, CaSO, - 2H,0, MgS0,* 7H,0.
MgO.MgCl,*6H,0,NaHCO;, Na,SO,4, NaCl, KHCOs;.
KCl & LT, ZNHLDOREFHIEEBR LT, Ok
B BIZIE X1 o Type 1 O N LI « )1K Tl
N T« KR ORSERE (1] 21X [CaCl,],) 1X
FEAEWAIK < PR F OPRE (B 2 1X[CT],) ZHWT
WROELHIIZEDLEND,

i) [CaCl, * 2H,0], =[CI1./2

ii) [Ca(OH)l. = [Ca®'], — [CITy/2
ii) [MgSO, - 7H20], =[SO,

v [MgOl, = [Mg”'],— [SOs" T
v) [NaHCO:s], =[Na'l,

vi) [KHCO;], =K',

Trebb, T, Type 1| OIIK « FJIIKIZ DN T
DEERSCBET DN TIKO—AFHERE L 72 D,
IR SY B R ST - RFE R 7 (T FEARRIIT I,
TR UL HDWVIIHEBE T2 L& L,
ZOFHFETEBAK - FWNIKDONTAREZERTDHZ L
MNAE[REE Ir o7,

Freshwater lakes and rivers with pH around neutral

[Ca*],2[Cr], /2

| Me* 1o < [50:7 ], |

‘ Mg, 2[5041, ‘
Type 1

[Ca¥],<[CT T, /2

’ Me>1, 2[5O0, ‘

| Me*]a < [S0s7 ], |

Type 4

‘ Na)az 2% (804> ]~ [Mg™]) | \ [Na'),< 2% (SO4*],~ [Mg*],) |

l Na') = [CI), -2 % [Ca™], | | [Na'),<[C)a -2 % [Ca™], |

Type 2A
B k- ) IkaD 5358

Type 2B

Type 3A Type 3B
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1. BE®IZ
EBRICRR S 2 EERBEKDOEIIE, BUNKIC
L oMK DEEEROE L T, ThbDEHNR
WHAADEER, RESEELTWELEEZDLND,
HEIX, 8 78 BRIICBWT, BEBKIRRT S
MRE DM E 7 HOWKESREBOEE b2
bL. EBORFMEHZERILIET, 7Ha0H
AR L R D ARIC OV TERE L, &
REBCICIRE T 24 ER D ER» b EAR _EIRIC
T TOKIEEF DB, BEHERBEDICEEL.
FEOBFZEETIREICE O TV BRI OV
TOMHER%Z . EEWATE OEFBLAN R 2 &
ICHET 2, REHCAW-BRNI, E R, BREFR.
IBLR DAL KB ERIERE R, FMRF LA
REHEHFEE V¥ —HARETH D,

2. FKEBRRBO~NDERELELEERIELOLE
RORBREENLEORBEMICKIT 2T KETD
EHFBREREDZES| (hypolimnetic oxygen deficit)
X, EPERE D D ILKET D A D W F R R

SERKBOMRHEZXML TND, TOHEMND,

1 RAEFEFRS L REE L OBEBIZOVWTEL OF
ZRTTOLN, TKEBRERERIL, 1REESL
BRBILEEZREKBLTWS (Yoshimura 1938;
Cornett & Rigler, 1980), {EFIX. EBEMICBIT S
FEREKDEBBLBBFREO—BRE LT, BREHIC
B 2RKBOBRERREERE ., SEETFRE
BEORAELIVEHEL, RKBOERBEDHE
EThHDHEN, 2P &, RBHEXEERTH 5K
B & DR AT L7 (Sakamoto, 2009) , 1960-1980
FZNT TiE, BRI O BHITHIT T, KD
2P, NO3 &, —RAEEOHEMIHEV, TRAKED
BARHBERENEMNL., ERRIRENMES 252 L
Nh, BRBGICHES —REEFDOERIML, B
BOEBMBILIZEE L TWVWBZ ERREND,

1985 LI b, KE REBVE VR 5 EV MEZ #E

=TI,

BAR FE (BHBKXK - BERX)

FFo 2 REKOBREEIL. £EOEP, NO3 B
MEBEL TS Z LA b, —RAEDEEFLE X
biLd, UL, LEBEROEAKE LEITHT
TOHEOEHAR EARHZZ L0 b, FREOK
B ERN, MAEYEBZERL L, BREEROHEM
ZHTO LTV AHAREHERRE W EHMrah b,
BEWCRONWZEHOFRBOKIE LR L, EhiZ
O BEBRREREINT., REW, ELEMR L,
MORBHBTHLRARLNTEY, BEORBRILL.
BILABHRALICEE LT 5 LT s 5,
HREAKDIRBLD, —RAEESCHAEDRBICRIET
HEIZOWTIT, KiCHE LI-EHOMIKIE L NO3
BOEHELRBR (Sakamoto, 2011) Z&H T, 54,
EFHRFPMLETH D LTS D,

BE IR

Yoshimura, S. (1938) Sci.Rep. Tokyo Bunrika Daigfaku,
Section C.No. 8 ,63-277

Cornett,R.J & F.H.Rigler (1980) Limnol.Oceanogr.
25, 672-679.

Sakamoto, M. (2011) Aquatic Ecosytem Health and Manage-
ment, 124;214-218

Sakamoto, M(2013) (eds. C. R. Goldman, M. Kumagai, R. D. Roberts)
Cimatic Change and Global Warming of Inland Waters,
Wiley-Blackwell, 95-110.

BB IR (1980-2009), TREFEAE, BEHRE.
REIAERRRER (1989-2009), AKERERE.
IWZLIR (1999-2009) & HIMIAKE M R HIERE 2.
IWATEE, FHEAEER, AFBRI (2004) FHRF LM
KEEHEF i ¥ —HF 5t e 3.85-121.
INAHEE, BIRA— (2010) EMKRZPILHKEREE
BgEE X —AFSEEE 7. 103-134.
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BEBHICBIT5F-LEBMEBDEZAIZDONT
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* FIFNG, MAEL, fLHEEF, HAESE, BRER, G, mhiedEE

i

BRAF), HEAET(FH), WHAA, B FEREE, IR ARRS O O kE ),
TP — CRUORAERRNT), RGP RS, I, A2 31l THEORER &),
H SR ERE ), IR (R SLRIREE M), LR (G RN R BRBE)

1. [ZL®IC
FEBEWICIE, 1984 LI, RAEMIIC BOD 2MK T

L T COD 23N 5 BB R A e T D, —
T, HAKIE O OFBIHER AR ITE 2 BT S L, R
EIHOAMMENRIZ LY 7 aw 7 ¢ L a Th DR,
FRITIKT L CE 2, KEREXRIZL T, Rk
B OFENARIL AR E PO KBS L, 1N
7 COD DA Z i3 2 2hFeix b o 7223, WAEK
BHRAHEOTHITIE, Zhl b, B ToH
%R A2 L5 TH COD b &8¢0 2 LIFRETH
HTEDBHALNII-TE, £, ZTRETOH
LT XV | EEWOREY D2  IZHE IR Y
ThHY ., ZOHSRIEAEY O 9 ENIEFETH D
L. TVREBEREE UCEHS AR O EY)
SR 24T o ToAE R, BUR OB T3tk x
RN ERDro TE T, £ T, 2Ll B, COD
FHIRT 2EWIIEZIWCH D75 900

COD I XA MG OFEIE & U TG EANR ORI
RERBERERIZLTE, LhL, AEDOR
ERTHDOTRW L RRETH 1T L, HIER
T — X OMBEMICHERH D Z LS T
W5, F72, COD BEEFHERT Y /b, KOTE
BEEELRTEINTEEN, HOMRIER D30
BURCTIE 3 Fr &7y, COD BRBERYEE O —H#F Iz
FFRAVIZER L 2 72V MIETd 2 "lReMk7 £, COD %
COFERESL LTCES Z LITITERER® 5,

=N
L==N
i3

TR, BTG OB PREEEICB LT

EEE
HE

HHEMFEIE O BRSO k D WMoy EmE S5
FEEIZOW TR 2T D THET 5,

2. MHEAE

AR TIE, #WE2 5O COD IZEbL A FRIED L
Ea—%{Tol, £/, A& MW EEMOA
B E I 2 Mata 2 g L TRt E ER,
3. #&#

COD DKk D KEFFEICERHA SN Z &1,

-062 -

UIKDEAEEFHO - D DOREIEE Th Hilm~ v
AW H )T AHEREE TIDDIFEDLZ LN TE
B8, BREEHAEL L 112 COD NEBICEA SN
DIE, KEBEM ILEICB N T TH-7-, COD N
BHINIRErlEx, 2O ECRELINDH
BB ORIEICOWTEIT &, LD 4024
iz, OFIKREHETZTHLOTHHZ &, (2)
BMEEZRTHLOTHLZ L, () IFEOFKE
ERLIDLOTHDHZ L, (@) KOFELNSORE
EExrTbOTHDHZ L (HHD 2014),

Bz, WOEEYEHICET DA T,
AYFEIEIC OV TUTOZ ERE L bIT,

- BEEWITZBRIHOWMTH D Z b, KRk
DERITIG U= IO EZITH T E DY T
Y. AEEEIIINETEB Y REAMELZIT T
BERZIT O RETH D,

- NBHIHEKEERR, AKEBUKEEHR, miRz & it
AT EOHIE, NEAEEEEOWHNARNEE, =
B OB SN FD < KB A5 3R E R
ARRRRBIZRIT HRFAMER R L e RGHTH
B OEIZ L LRV EEEZROLNDT-0, HHEY
BEOIREL L TTOC #HATRETHD,

- P RCIRIE LT 2 BRI O IR B 0 51 1)
D 2 WIOFHE TIX RO BAZEGR E LT, TEEEW
DKIZHENPLFTIL > THDD LD (BiFre
KE) LEFEICEAROMLR ENIZEDIFKT
(EMDIZE D) BT BN TWD, FFEROEH
HIEEL LTI ERED & & RIFaKE L&
MOIZEDWE LT LB WAL LRND T, Z DT
VAEEDZLELABOKEEROHEBERFETH
%

EEE
BEE

Z DMSLEERIE DWW TR IC THE T 5,
[FHEE] ABFZED—EBIIRMFE 24510044 DBhRY %
ZF 7.

[3Cik]  HEE 5(2014) K & BEK 56(3), 59-72.
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*RERME

[FL&HIC

BB LTI CIEWAEMAFEORR, &
COD (L FHMEHRELRE) HE LTHBRD KO 72
BITHEWERENEL . Z0), KEO A X V)
EFEINTHDZENTHRIND, RBHETIE, &
KBRS A & T AFIHIC K 0 ZfE~5-% 5%
LAY U EE AT 2 BN ZIT 5720

THERFEEOMKIZE T D A 5/®H¥i®ﬁ$ﬁ‘b
D Z&2iToT,
A&

PIZ 20 HS ORI 2 7% T, BT LHAKF
AL CREBRAIE . 3 KU 767}@137‘5’/@&4[:[3?

FERFHHEDOTZ DDA F 2 X— g U FEERE T L
7 KR TIL 2013 FED 4 A L 10 A D 2 SO
FERIZOWVTHREZTT O,

WK OWRFEEFIT, WIEMEE CHOFELT

WAHDTHINTD XA Z AFEIFREH EEZ BN D,

FHEBIIKAD AL 2 ORFGIE L WKL D A 2
v DOERERIZ

(HE45)

- WEHERE D> D OIS

DD DA

(Br2)

- WATH CORURAZHIT K 0 filt

DB D

- WINTOBR LI
LEZTIWTHAI, SHIZAX AXHENHR
fa & U TRRUCHEEL T 40TV 5 (ebullition) 23,
A TG AR S 0 IZITm A 220y,
ﬁﬁﬁ%%ﬁ%ﬁ%éhéx&yiu%momf
BIAORBEH Y, EFIREBEZRELZHET LV E
ﬁ?éltfxiﬁ/lﬁféf&yﬂi®ﬁ%%
D &ITo7,

BRLEER

INZ KA 2 AREE, 2 DO OFTTO

AORERER, WEEHR T, DR (R Hil

FHEABIZBITH A2 VX

B CRRREUEEDT)

S CRE A & VIR LGtk il
%%ﬁ#ﬁi%&y®&ﬁﬁ&@ofwtoﬁﬁ%
D1 A S D A % &I 0.024 gC/m?
(4 A) £0.027gC/m2 (10 H) &itFani, =
D%, Bastviken et al.(201D)AFAEL - 7= 25 FE
DD b4 PEDREEEHRT COKUERHUZ L DB 5D
A R 0.12 gCm2 D 553D 1 TH D,

KPFTAZ UBRBIEISND Z L1, R TOIR=E
BHRA~OEBEL L UIZ OO TEETH D, MR
D1 AMITKP TR S ERT 2 A % V&I
15x103gC (4 A) & 51x103gC (10 A) & A
B 4 HIZHAT 10 AIZKFTEL DA X ViR
fEBrEEN TS LR b,

IR BMEIZR)IITORAL ZBET 5 Z & THAE
B DI DWED BIAK~D A & G X
133x103gC (4 H) & 195x103gC (10 A > L b,

Utsumi et al.(1998)1%, & » {fi7/KH T 74% D A
HUDBKPTEMLEND & REH > TWD s, AHF
TETAH b0 -72 10 H TH-> TH 25%IC
WEF, WENSHAGESINIZDO L FRRED 2 &2 VR
RE~EHHENTVWDE LI TH D,

F FEBCBT DAL NK
IV 2R COREEfE(103gC/month)
48 108
(#45)
ANDD 194450 13.1+£40
HEMS  133.1£380 195.4450.1
(&%)
A~ 4104 91423
KSA~  133.0+36.3 148.7+47.3
it B%  154%100 50.7+15.9
References:

- Bastviken et al. Science, 311 (2011)
- Utsumi et al. Limnol. Oceanogr., 43 (1998)
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1. [FL®IZ

FEKINPRRSRITIE, VRRIEICHIE L CEIE
fiEL, RBErHORREH D, 20 L) iR
L, SRR THL b H 0, dbiEE T,
DR & KB L O e 2 s &k 5 & L7aiE
b5, LN, BREITRERORES
PIRBICITIERR R IHA TH Y, ABRRFOE D
BT O Tl e <, RRKPICE ENDEMHE D
LFRI 7RSS AR CTH 2,

JEREEE, SRORATIEFEEE (BREEE, 2014) ITX
DNTENED bILTR Y, HEREM T4 Ui
FEBECHET DL Lo TS, ALlFEHHE
2 FNCEET DR ARRIB LOVBIRER) 1, W5
LB E RO, HREAITITEIZIRR T, AR
FIREED @D, FREEOHTIEIC & 2 B HE OEIX
RESERpo>T0e,

RWETIE, Z02200RRKIZONT, AT
LHEBIRFEDO-EHRENE S/, BERED
EOWBMZHKT 20 5T 2 HE L
77

2. MEBLUAE
IERAKDIMEIE, 3k Whatman GF/F 7 4 L4 —
TAE L%, BEBIOWELZNEh, @i
BROWEGHCHIE Lz, AMRFREL, k%
W7 42 —ThL, BWEEEEIEIC L CEMERFE L
BN, BEETOC-V CSHIC X W E Lz, e
I, SRROHTIESREHCHE L CTOMT 21T o 72,
HFRFAVEIC J 0 A4 U7 IREMIZAE Y 9 2 R 3R
Dy FH A R3AE, BT A7 4 H—TlEil L=
IRIRIK & BRMETEEA) OKBEZe L) BREZ DOIRIRKIC
DN, LA PRANEE T V2 — (7 X 2 ultra
(3k 10k, 30k, 50k 33X TN 100k), T UART) &#H
WTCHHAT, ZO5HE LI EHES, AHIRFERIE

BRLBEERETHD
REDLLE

-65-
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o cHE
==

ERRRRER@RKD

*rEBPEGE, WEFSRTE (bHEE TR ZERT)

2R, JRIEAK & ILBMERER OWIRKOBRRE D
NG, FFYA ZRIOARKEREZRE L,

3. WEBLUBE

A RBROREITEE—T MY UL LR R
THRMEIXTS 7 v 71 U PEARERMEARIR SR . B IR IZ T v
71 U PEHAIIR IR T T LV U MERERME S IR R Th o T2,
MR & B HIT 1200 m 2 HEIC Lo THE LT
Do

A RIS ITEREE D 53T IRE, TEEEIEIEIZ X 0 A
ELDHOD, FEEKTIHEEZT ST, LB ”R
TANE—HBVRT, T4 vF— BB o
7otz FEH OB L DB EIL 0 mg 11 TH
Stz BERS IO, 176 BL V2. 07 THIERK
FIBEIL 415 mg 1 Th oo, BIRRITEHEIRE
72516.7Tmg 1 & @m <, AR XOMET 184 B LY
0.14, AHRFRE T 14.1 mg 1" ThHoTz,
BRAMIEIE (Z & 2 53 W% OFRMEILE A S T 5
BEIRFIZOWNT, AR TIE, B3k OB HRFE
NiebE L EER, 2RO 84 %% Hd T\, —77,
B iEIR TlX, 10k-30k O EICHBRFEN R D EL &
FN, WT50k-100k DYEIZEL GENTEY,
FNENEERD AT %3 LUV 35 9% HH Tz,
AJESRIE, SOREEILE WG B IER &
ETHY, HEMIFE TV, 72, BIEREID
H A BRI RIREE D3 3 FRRE RV, FREF O Tk
TIHEWEIIRE Lo T, ZhiL, ERE ST
DR, MR ITHE Y 3 2 AR RE D5y 13 A X793
INSWZ &b, EERTRE IR S D & AT
5T LICHELT, IBEONETIE, AT 5%
THA RD/INSNT I TR E OFRYERLSY % B
ELTHRHTE R oTe B XD,



R DNA FZOHDEDERE~DICA :

2A08

FL&HIZ
71U B 1 2 (Hemigrammocypris rasborella) |13
REAO Ly FU R MCHEERAEN 1B 8 (EN) 128
ESh, KERRL Y RT7—%7 v 7 38 X UOMER
Ly R7F—%2010 DWTHUICTEBNTH AT 7 (B
BOREXIR, BELRENSROMLERFE) 12U A
FENTWDLaAf BOBRKATHD, ImomEDE
B OO0, AT FNA « T—F N2 8D
NFFEORAICL > TEEHDBH > TND EE X
biILD, HR—T-OMDL IR TH A B AR
SNTWDDIEHK 30 EFTTh D & i, M fE
MENLHPHETH D,

AR, BREKY 7z E £ 5 DNA (BRER
DNA) Z W2 AW 53 AT OHEE 1EIZ BT D bFZE A3 it
ATND, BREE DNA FEIC L - T, #JH - WAHE
ZIZILOHE LT, kRx ROBEEICET 2804 R
HRER/DZENARETH D Z EARES LT
b, RBHETIIHVETHDL NI ANFET I DI
PFENCATIEZICH LRI OV THET 2,

1.

2. ¥ EHE

EAIH I REZET IO O OFE KR
TIAw—%FH LI, WIARNEERaRBLIOED
IRAFED DNA > —47 V AERE T —H _X—A N5
AF L. Primer Express 3.0 Z# H W CTIERR L7277 A
v —RkONTa—TREND, B UNKET 2T
b DEBR LT,

W, MNER LT 7 T A~ — KON v — 7 DB EMNIC
HUNZEQ AR TEDLZ L Z2MHRT DD,
HINEZETADERTHMPRFRNOEA F—
7B TNREER aDOERPHERINTWAHL 7 E
BIO ZELARNWEEZZ LN TWHHL 4 HOKY
CINEHNT, BT AREED T DNA Ozt
Iz, BRAKIFMETHNIZEWT 2014 4 1 A5 E
L. KV TNETTFTAT 4 VE—TlERL, 7

EERTOROHMIETEHI\2E0205HRE

* PRI (FHER - ), mEAR (MEX - B

IR URER - Beiefh), SeEIRAT R A i

- 066 -

A V2 — EOFRE BB DNA Zfifit L7z, filit
L7 DNA Z#l & LT, U TV A L PCRIEIZK
STHIANZET 2D DNA Rt L,

RBIZ, ZOBRBEREHNT, BERTOL TN
2w aDELIZET A EROBEN-HHL 83 Ml
BWTEAKEITo72, 2013 45 10 A D 2014 4 1
AT CRERFEHETO 13 m, = Hilio 14 1,
FRE TG O 18 1f, NEFTT O 16 1R, = A D 10
., O 12 mozot AL, EkRkods
ETHUNNEE T a0 DNA B 23 7=,

2. WHRLEER
HINEZETAOQEENHERINTNDEA R
—7 DK 6 BT NETHEIYRZERTID
DNA 23t Sz, £7o, EEDRHR I TWDH T
O 7THBEIO, ARLBRNWEBZLNTWVWAERED
4 T DK > TN HIEE OTERLEE R & — BT
HRERNGEONTZ, ZOZ NS, FxOBELE
HINEEDADRHRIII T ANZET DAL
RN EHEET D200y — L E L THEMATHS Z
EDRIBEE T,

ZOBMERERNTH UL T I DEREN
RO 7= HHh 83 T DNA Ot 2R - fE R, 7
DK TN E AT AN ET 2D DNA B
Iz, FERET T 30 &t LV ERMIAE HT
WRWAH U REZET 2 TH DM, 4ol DNA A H
SN THDOZDHITNT S ZHE TGN T
WRpo T AREFT CTH D, T Lid, mERT
RO B T NRNEF T a/EBMNEEAFET D
EERBLTWD, £7o, ZORMRITERE DNA F
EIZL T, AOEOF I EREREZHEOND
HEMERH D Z EERLTND,

S1RITEREE DNA Off i S 7ol 31T 2 i
BE\CL T, hURT O aPBHENERT D Z
LEMRT D TETH D,



2A09

*IFEET (RIRRBKR - HK)

1. [FL®IZ
Kz ZIWZEBRT AAEMIZHEET D DNA W
FRiliE L CEY ., BB DNA LIRS, T4,

BRBE DNA OFEREFIHA L, EMOnARZ5HE L X
DT HTUENBRICKELSOH D, ZOTEE
FeiE LM OIE/ AIEDHEICAZ T D 2 &R
EnTEY D BT, SRR NHIEICSE < A
ENTWD P, BB DNA Fiki%, i EER LIC
SRRFEDIR AN 2 Gl IR T & 57217 T/ <. DNA
HHREFHT 2200, AZH TIERBIOSX(IZ
SWEREORAIIBIZE VDT HERET S &
Ezbhb,

Z ZCARMZE TR, BARSREOWNE « WAL
NAT D2 —T T KMEREDN KR =2 A
(Cyprinus carpio) ¥ &7 /L& L, BIGHICIER I
U5 7 AR NS KT D12 A A\ % 8 B A FEAT
THFRELRRE LT, é 5z, BAZ L= FiEE B4h
~EHEAT A LI ﬂﬁ@%ﬁ B 5 R
W%%@@@AE%m@ﬂﬁE%%ﬁ#ko

2. MHEERE

BEFIOD X 22> KU 7 DNA @ D-loop Ik D4~
1 XA T OHEIESNIEFRICESE | SRR = A &
TERFAHM 2 A 2RI 25— 2R (SNP) A HRER
L7, WRHITOWNT SNP #43% RNA L1 5
DNA-RNA-DNA 7'u—7 %8G L, TN e A 7
LHENMETIEHR LT, b 2O v—7 [F
—7 I A4 ~—%v b, LT RNA fEE% G A
72U 74 A 5 PCR (Cycleave PCR) Z4TV>, 27
D=0y FEFEIRBRET 5 2 L2 X0 kR
ETENRAED DNA A& E&ET H FIEE L LTz,
I, AR RHE T A EAERRH A DA A~ A
WAL % 5 2 T KT IEBR 21T o 7o, BE KD BRI
L 72BR4% DNA (23T 54K : £k DNA %
Cycleave PCR {EZ W CiER L, E& L7- DNA
MOERBEONA A AL EELHETEENE
DRRE LTz, & HIT, B LI FIEEZ I~ L

SHIZETEINKECFHREZE
IRIEDNAFZDRFE L FN~DERA

I

-67 -

295

TEFHw (L
(HFEX - #iE) ,

BR VAT T Z—)
iib's b FEA K - BT
M L7z, W HAREHOMAE -
BRi DNA H1Z351F 485K - 752k DNA & &
Rk, BAKIEOBA oA BRI

R TA DIRAESGWEHEE LT,

DRI i L7z
8295
BT 5ok

3. HREER

Cycleave PCR{EIZ & 0 (H# DNAREEIZR D 577,
IR FE T ANTAERRAE E D 57930 DNA B 6%F2 i
FAET AU, Sk : 763K DNA tha E&TE 52 &

Dorinole, KIEFERIZI VT, Cycleave PCR E(C
X0 ERELAK 13k DNA thid, EE0sfk

TERNA T~ AL ERWIEDOFBEZ R LT (y =
0.82x + 0.13, R* = 0.94, P < 0.01), L7=4»>7T,
Cycleave E%ZEBRBE DNA [T 52 Lickv, %
SIS T BINK  TERANA A~ AL EHEETX D &
EZ NI, RTFEE AV, 6 EARSHOWME -
JIIE D BREL L 7283885 DNA HFICIB T D403k« fE3k
DNA b ZERELIZEZA FELIZE A EDKIK
IZBWT, 21 HK DNA @ 9 HD 70%LL_E %4k
FED DNA BNED D ERHLMNE ST, 2D
ZE RV, A E A EAEEIT o oK TIE
SRRFBH A DRADBFHLREETL TS Z &
IE L IRIB S Tz,

ARFZE TR L7ZBREE DNA FiEi%, B KIS
BT 5 RN KECEFEN KEORAES W Z
HWICHET D100 Ay —nEhd tEZ
LD,

ZE 3R

1) Minamoto et al. 2012. Limnology 13:193-197
2) Takahara et al. 2013. PLOS ONE 8: 56584
3) Jerde et al. 2011. Conserv Lett 4: 150-157

4) Mabuchi et al. 2008. Mol Ecol 17: 796-809
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ZEI-DOILVT

* & [, AR
sz (M) ek -

1. XLEHIC
% < OFERFEWIHICEB N T, ZEMICRHEL, x
Bl, KEFICLL OFEL 5 2 5 Microcystis

aeruginosa \Z X % 7 A 2 OFEAETRNIBG 1K K O

Kk 2 ETEELRRETH D, LLehib,

BEREMNTH-TH, Kie (A5 &E. KIELURERN
). JEIED D ORBHOBEHMROUEIT A % 4 2 2

{EL, MERPMERIEDOT A aNBETHNED
MEBARNC TS 2 Z L IIREETH 5,

TAaORAEE TR HI2E, BSBREICKT D
M. aeruginosa D¥ENMNZ, ETBE L OVESCKBLOR
kD BIRDOEIEE BET D2 0END D, AL
ZBW TR, BBITR T DHINER & BREER - 0 B
E%ULUD%@’E% DT HZERHE LT, W
INDFEREZ S TR VB ERS & FRA K D A
VD7 RIS K DB EZIFIZ< WEEZ LR
5. BB EENIZ IS 1T B HEFEIA O M. aeruginosa D% E)
% rRNA #{5 7-(DNA) &L 2O Tm i, WO
rRNA/'DNA |2 & 0 fight L 7=,

2. Hﬂ&ﬁ%

5 2 H/NER )L PRl 3 2 E ST BR BRI ST
%ﬁ%%m AT O A &% bk 36°00705”, B
140°2222") DOFSFEEENSMNTINT, 201346 A 9
H~8/10 &£ CT&E K ORI HFIANTEKZITV, 1K
WA A GF/F 77 At A#Z AV Clal L
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Growth and stress response of Nitella to cesium

Keerthi Sri SenartahnaAtapaththu, Takashi Asaeda and Md Harun Rashid

Department of Environmental Science and Technology, Saitama University, Japan

1. Introduction

Aquatic plants play a crucial role in aquatic
ecosystem as they involve in a wide spectrum of
ecological functions. However, aquatic plants are
persistently challenged by a vast array of abiotic
factors such as water movements, substrate characters,
nutrient availability, light penetration, UV radiation,
temperature and heavy metals. Among them, toxic
heavy metals have been identified as one of the main
abiotic stress that adversely affects the plant growth
and physiology as a result of associated oxidative
stress. Even though much attention has been paid on
cesium (Cs) exposure on flora and fauna, oxidative
stress in charophytes in response to former stress is
largely unknown. Therefore the objective of present
study was to evaluate the growth, stress response and
the capacity of cesium uptake of carophyte; Nitella
after being exposed to water born cesium.

2. Material and method

Stress response of Nitella were studied after being
exposed to four concentrations of Cs; i.e. 0 (control),
0.001, 0.01 and 0.1 ppm. Each treatment with three
replicates were randomly allocated into 12 (4x3)
glass beakers (1L) containing a layer of commercial
sand and 1% Hoagland’s nutrient solution in a
complete randomize design. Six similar size apical
tips (~3 cm) of Nitella were planted in each beaker
and the experiment lasted for 30 days. At the end of
the experiment, shoot length, Cs content and plant
stress were compared. Plant Cs content was measured
using atomic absorption spectrometer. Activity of
(CAT), ascorbic peroxidase (APX),
concentration of hydrogen peroxide (H,O,) and
chlorophyll fluorescence (F,/F,) were measured for
plant stress.

catalase

3. Results and Discussion

Cs exposure significantly suppressed growth of
Nitella. The longest shoot was found in control
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treatment (p<0.05) while the shoot length of plants
exposed to 0.001ppm was statistically similar to that
of control. plants grown in high
concentration of Cs showed the poorest growth

However,

indicating their shoot elongation was negatively
affected by the elevated levels of Cs. Concentration
of Cs in plants exposed to 0, 0.001, 0.01 and 0.1 ppm
were 0.04+0.01, 0.24+0.09, 0.31 £0.20 and 0.24+0.02
ug mg' DW respectively. Figure 1 shows the Cs
induce oxidative stress in Nitella.

[ Hydrogen peroxide ~—e—CAT  --@--APX

16.0 0.6

Hydrogen peroxide content
(ug /g FW)
=) )
w 'S

Enzyme activity
(AOD/min/ gFW)

\
oy
r
°
I

0.1
0 0.001 0.01 0.1

Cesium concentration (ppm)

Figurel: Cesium induced stress response of Nitella

There was an increasing trend in H,O, accumulation
with parallel to increased Cs concentration and plants
exposed to Cs significantly  high
concentration of H,O, (»p<0.05) compared to plants
grown in control condition. On the other hand, both
CAT and APX activities significantly (p<0.05)
increased when plants exposed to elevated levels of
Cs. Moreover, significantly (p<0.05) low F./F,
values (<0.80) were observed for Cs stressed plants.

contained

Findings of the present study revealed that Cs
exposure suppressed the growth and induce the
oxidative stress in charophytes; Nitella. However,
accumulation of Cs even under stress condition
indicated their potential to use as an agent for cesium
phycoremediation.
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The combined effects of diverse redox level and ammonium
nitrogen concentration on some physiological parameters of

Myrophyllum spicatum.

Mahfuza Parveen', Takashi Asaeda’, Md H. Rashid?

*Department of Environmental Science, Saitama University, Japan

'Graduate School of Science and Engineering, Saitama University, Japan

1. Introduction

Low redox potential and high NH4—N concentrations are
common phenomenon for water-logged soil and
eutrophic lakes. In order to investigate the physiological
response in increased ammonium concentration and low
redox states of submerged macrophyte Myrophyllum
spicatum, four different NH4-N concentrations (2.5 to
40ppm) under four different redox states were treated
and used (Control +300 to +350 mV, Oxic +350 to +400
mV, reduced +5 to -30 mV and highly reduced -180 to
-230 mV).

2. Methodology
Plant and soil samples were collected from
Moto-Arakawa River and Arakawa River, Japan. Each
microcosm (MC) was contained a 6 L (15.7 x15.7 x 24.5
cm’) glass vessel which was hermetically sealed with an
air-tight lid. MCs were filled with 600 g of air-dried soil
and deionized water in 1:5 ratios. Glucose was used as a
carbon source to produce reduced and highly reduced
condition, while atmospheric air bubbling was used to
prepare oxic condition. Four plants were planted in each
microcosm at 22" day after taking the initial shoot
length, root length and weight. After 14 days, at the end
of the experiment, plants were collected for physical and
chemical analysis.

3. Results

Plant exposed to reduced and highly reduced water
conditions with high NH4-N showed brown black
discoloration of plant leaves. Shoot growth rate (SGR),
total chlorophyll and Fv/Fm value of M. spicatum
drastically reduced during the reduced and highly
reduced condition and has significant affect (P<0.001)
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among conditions. Higher NH,: concentrations even
accelerated these effects. However, Sppm NHy-N yielded
highest SGR, total Chl. and Fv/Fm irrespective of redox
potential (P<0.001). In 40ppm NH4-N treated highly
reduced condition plant’s growth stopped and almost

died, because of the long exposure in condition.

Control ®Oxic ®Reduced mHighly reduced

Total Chl
(mgm/gm)FW
o N KA O ®

2.5ppm 5.0ppm 10.0ppm 40.0ppm

Fv/Fm

2.5ppm 5ppm

10ppm 40ppm

Fig.1 SGR, Total Chl. and Fv/Fm values of M. spicatum
under diverse redox potential and NH4-N concentrations
(mean + SD)

4. Conclusion

The present study revealed that after 14 days exposure to
the condition, the combination of low redox state and
high NH4;-N concentration has stronger physiological
impact on M. spicatum than the two factors acting alone.
This two factors influenced the distribution and
abundance of M. spicatum, which is poorly tolerant to

low El‘L
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Role of Arbuscular mycorrhizal fungi on growth and
nutrient content of P. japonica growing on river bank soil

Animesh Sarkar"?, Takashi Asaeda', Qingyue Wang' and Md H. Rashid'

'Dept of Environmental Science, Saitama University, Japan

*Dept of Food Engineering and Tea Technology, Shahjalal University of Science and

1. Introduction

The effects of arbuscular mycorrhizal fungi (AMF) on
the growth and nutrient concentration of Pharagmites
Jjaponica were evaluated which was grown in the soil
collected from early succession area of Arakawa River
bank, Kumagaya, Saitama Prefecture, Japan. Therefore,
the present study was planned with objective: 1) to
determine whether abundances of arbuscular mycorrhizal
fungi (AMF) change as floodplain river bank vegetation
development by increasing growth and nutrient
concentration of P. japonica.

2. Materials and Methods

The experiment was conducted in the form of pot
cultures of Phragmites japonica in a greenhouse at
Saitama University, Japan. 20g serakinkon powder/kg
soil was evenly mixed with soil before using in a pot
which was composed of 50 Gigaspora margarita spores
per gram powder. Considering the type of mycorrhizal
inoculation, four treatments were taken, viz. (1) normal
soil (NS), (2) normal soil inoculated by AM fungi
(NS+AM), (3) sterilized soil inoculated by AM fungi
(AM), and (4) sterilized soil without AM fungi
inoculation (SS). Rhizomes with three nodes (~2 cm)
were used as propagating materials. Plants were
harvested at 110 days after transplanting at their
senescence stage and dry mass were recorded. The extent
of AM colonization, total nitrogen (TN) and total
phosphorus (TP) concentrations of plant tissues were
determined.

3. Results

The average colonization level of P. japonica was 24-
33 % in different treatments (Fig.1) whereas in sterilized
soil (AM fungi absent), no colonization was found. AM
fungi showed the significant effect on dry mass
production of P. japonica plant. NS+ AM treatment
showed significant difference in comparison with other
treatments in all cases and the trend of total dry mass
production was NS+AM > SS+AM > NS > SS (Fig. 2).
Increases in plant P content were greater when the
colonization level was more pronounced, and this
relationship was significant across all trials (Fig.3). P
concentration in plants (roots, stems, and leaves) was the

Technology, Bangladesh

highest in AM fungi inoculated with natural soil
treatment; however it was the lowest in sterilized soil
(absent of AM fungi) treatment. When AM fungi applied
with sterilized soil, P concentration was statistically
similar to natural soil (Fig.3).

g

S
~
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n
s

b
1082415

% Colonization
Dry mass (g/plant)
5 &

w

NS NS+AM  SS +AM 3 NS NS+AM 55 +AM 55

Fig.1 AMF colonization
levels in P. japonica.

Fig.2 Dry mass production
of P. japonica.

Bl Root

Bl Root
1 stem
Leaf

[ stem
Leaf

7

Total nitrogen (mg g ' DM)

Total phosphorus (mg g * DM)
-

NS NS+AM 55 +AM 58

Fig.3 TP conc. of plant in
different treatments.

Fig.4 TN conc. of plant in
different treatments.

TN concentration in plants varied with the colonization
level of AM fungi. Nitrogen and P concentration in the
roots, stems, and leaves of the plant was at its maximum
in NS+AM treatment. Minimum N concentration was
shown in sterilized soil. (Fig.4).

4. Conclusion

If the AM colonization was high then the growth and
nutrient absorption capacity was also high for P.
Japonica. All root samples of P. japonica in AM
treatments were colonized by AM fungi both in collected
soil and sterilized soil. Dry mass (DM) production was
the highest in AM fungi with natural soil treatment
where AM colonization level was also high and the
lowest DM production was showed in sterilized soil
(where AM fungi was absent). So, it can be concluded
that AMF have potential effect on vegetative growth and
nutrient assimilation of P. japonica.
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