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1. FLCHIC

el 5 i K OVRKIICH - 7= LI ix, 1963
IR o T2 EE THRFEIC K VRO RS A+
WML E 720 | PR O KB I Ik P A3 A ik
SR L o Te, THEXIRDPED bZIZ b B
PHT. KEITELVERBREICH D, BIEDH

BT v FFHEIZER 04-0.Tm RETH D0,

LN LZOEY IS~ 7 7 b ETIEHZRL, B
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b/ GRSl e SR CI DA V30 b e SR o S 8% 5L 7/ iy
DIEFEDMELET 2 23, VOKITE o 72232 TOWALE
VAT I [RRR L 2 A0RA 7 SR ) L D TR R 32
ENTEY ., BKBICED > ZBEDEOWEE L5
(I Z DIEREER N Kbz 2 & OFERRKE N
HbDEEZTND, ZOMGED =D PR G
PRAVH 72K 23 AT C b B KB ) 1| o Sk &
it 2T, MEBME L £ O X oI - Tk
SH TP NBIHAEICL 2R EB 2o 7,

2. A&

AL OB 23 5 4R & Tl U 5 KEF)I|
IZBW T KA AIZ500m Z & 12 St.1 225 St.10
ECTORMAEER LT T2, FHEHATIE pH, K
. EC. DO, &7, WENTU)., HIrRED%
THEIZHOWTEE M 1m Z &SR F CHIE %
DR L7z, #&JEKOem) &K S 0.5-1m LAND —
D HEKES Z 72\, Chla &, &2V &, 2%
FE, TOC &, GF-CHT7 A7 4 VX —THiftsh
L E R (lum k) Z2HE LT,

HER TR 2648 H 26 H, 9422 H, 10 A
21 H, 11 H 18 HOFH 4 HMTHY, WIhd
10:00-14:00 O RF I HF 27 A 2 Sk L 7=,

3. BREER

FINLZE D /NS VKR TIZ S o 1 S &2
HkM E2E L TwWb, 8 A 26 HIZATH, % B4
\ZH K E 50mm 82 DFEN2H D | RRFO 1A

H72 8 B D 3 AIRIL AN iERE C & 7= TIZKICH L
SN THEAKIZEIREERTO St.9 OFEMETETL
2 B L7, IR O @R (NTU) XIS E
<, RIBKOEEEIZOKIE T (St. 1) T 18 NTU Th
ST, ETHITHE->T 40 NTU (St.9) & BEH-L
77

9 H 22 HIZATH, YHELRETHY, BERIFED
RN 72 D AR I 2 fER T2 Z M TE T,
HARIZBHMIAME Fo St.1 FTHMELTEBY, #
DOFEFE 1T NaCl HEE T L 78%ZE L TW= (K1),
B VLR R & LR TREITRVN b o0, KE T
@ St. 1 OFPRE ET 25 NTU &b @V RBICH -
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K L7z,
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T DI ST, Z OB E 2 K ORI
SHETWD, BT UX, HEKITE D B3
MlEcl B U, WAL OWIEA T A < YEKE DA
ND, Stk BEWEOMEL, RERELZED, &
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}LAEF (AR - A8) . BRI PG (BRI - Bt - ZE%)

1. [FCBHIC

YR A (Scapharca kagoshimensis, 13
& ARB) 1. NBRIEICERT S AT, o
THHHIZ DO EERPFEMTH - 7228, T - Hokik
FHEITHEW 1970 FREFZICRES LR o7,
HfE KA b & ARFEAKIR O 4 IR 230 E L CLARE
PR TAX THWEFREDOY RV & UTHEE
DR SNTWD, BIRESCHOCHEE O L Y
MES — X NZIE 5t FRE DORIE S 7-23, BUEIIR
ESNTHITCOREFEHICBONL TN D, 514,
YIVR T B A ZKERR E LK% A 0F 3
L7122, WIEOBREEC/AKIROREZ 088 L7z E
TR - REIEIGEHEN VLI LD, T
FCHYHIZEBIT DV AR T I A O B EF
BIZHOWTIE, 8K (B 2011MS) 7% 2008—
2010 FEIAT S TPV R U T A DA -+ BB R
L OAEFERD HSI ET VA2 BR L, AEREo
HIEOFREME A R LTc, AWFETIX, AEAKROF
FERBABAEI DN D 5 2% Lz Z L anh, iR &
OAREKEOBEEEE =4V > 7 L b, BHTC
XA RTHAOEBOBIREZFHE L. AEBH
AT OFE R & 9% 2 & T, O EZ R L
72

2, MEEAE

HfEds KL OVREAKIR O E U BV T, 2014 £
RBREE N LT 5 8 A FAIC, JWE R L OUKER
BRREZIT-o7, REHEE & LT, KEOHEDIE
JE - BRERIERALIREE (AVS) « RIFE - MIFBRK DR
bR - L*iEd L OUKE () - /KiE - Do) %
BIE Uiz, YR TA OSAFAEX, BiiE Hv
T, 201410 A—11 AWIAICHE e o7, [AlER
DAL 20082010 FEIZH 2> TRV, ZDOFER
ZICIZHSIET VD SI A7 & LT, SR
A DELFRMEIZ OV TEE/L L, Zhvakd LT
AFEZK I O FHaEEBA B HI DO Zh Rl DWW TR L 72,

3, WRRUER

2014 FHZ W OEE OFRHAERE R TIL, AW O
RILIE 2008 4 —2010 FOFE L FAIETH 72, —
J7. REKETIE, EED AVS - itk FRES L
e &L BITAIREEA R THEIE & 2R D EAME T L
TV DA, BRI CR O, TR
U HA DOSAATRERE RO, TS HRE A B
IZ2W T, 2008 4E—2010 4E DA Tk 40mm
YL ED 3Ll EOERNZ < HE S NT-DITH L.
2014 FFITEREFEERED IR 1TV < SR D 20—
30mm FRED 2#n & Ebn A EEDOHLTH -
05 AR T IR BRAIRT > 2008 4= - BRI EL £ ¢ 2010
ERERFICIE AR DA ITRE S N> 1208,
2014 AL BAHIEBIZ T\ A CEREIAR 2N EREE ST,
el 40mm Fif: (3 #HLAE) F721X 10mm & (4
%) T, 2 EE 2 LA EERIEA DR o7z,
JKE KB DT —H 035 2014 FEDOH LR W 47 A HSI
Do E RO & Z A ARFEAKIBN ORI EELBH A
HRITEEIZ HST A 2 7 O WERS 3B B AL, & OBHT
WCHNROTADERBA OGN, ZTDOIZ b,
O ONDVERL LTZ LR A O HSIEF LD
BIEHHEORENEBWZ E0N RSz, —J7, @
BNZEREL & LR T M OBRICOWNWT AR D & K
FEAIE CITARFRE & TAEI LD HSI A 227 D HiA
BV TR LT L AR TA BHLRN
ST, ARFEAKETIE, BIREROVIVR T A OO
WEBREIER D & T DO HRIZIRE SN TEY . IMAD
RWELH D Z Enbhotz, BE&ITbN Rl
AR K OB RBRORE R, EREE DS EEDIN L 72
PR T T A OYHAETAREAIBIZ bltiviAte Z &
MIRINTNDZ E0b, REKBENTIIFEIZLY
HEENBERHRARND, HDVEEFEERZIECTIEH
D LRSI T,
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FTEABRNEZEAE

FFHoT—I AT EDOERILICEAT MR

} PRS-, KEES, g GEROD, e, fSRms = Bk - KEE)

1. [FC®IC

WA, BEEEIALIIR I CE MR AKSEO A U 580
ENREE - T 5,2012 4F 8~9 HIZ/KE 90mifi%:
ICBW AR T L, BAEOT 75—
g axt (Jesogammarus annandalei) O K& T
RAF R = ( #EIEH 2015), £ 2T, HIEEHDO
JEAEAYOERBEL LOITHREEOE=41 7,
S OIRBRF DN AERERIC KT T HELZFAEL T
Wb, 7FryF—aaxt (U Faaxy) [T,
EEMOERBRIZBW CTEERAEYH THY | BE
\ZH IR E N B 5 (e.g. Narita 1976, Ishikawa et
al. 2004, Ishikawa & Urabe 2005), #xiriZAKH =
Ny b OWG A I TIEARTER 720 Cp < B9
ITEVEOERBIER GIENTREIC > TE 72 (A
JII « REAR 2014)

gax EORMRAEKIT. BRMEICEEY . &M
(KRR T E T LA BEREREI 21T
ZEBMBNTUVWA (Trevorrow & Tanaka 1997), =
OEEBENL, BT~ 2EOREAN D O %
i, KENZT 707 o afliRT DD LS b
TW5723 (Ishikawa & Urabe 2002) . 151N DFAELH) 72
MEBHBILOEREVOBENLHLEETHY
I ax B OTEHEIRIT. EERFEORE L & HIZARE
FOBAEFD ET1 OOFEEICR S EHESh
TW5, AWFZETIE, flifSILfHTI a2 ED
SRE A ORRRFEAC I 2 DR T L E R D T
B, FFEATRIEO = 2 — 7T A% W TEREE
BEORMERLT, £, TOERELEMERO T
YU b F oy M X DEIE DA O R & g LTz,

2. MHEAE

20124 7 H 23 HOKRH (20~221F) & 7 H 24
A DR (9~11 FE) (2, EEEW LA B /K 90m
2R W, FHEATEEAME KFC-3000 (70kHz,
120kHz ; A Y a—Y =y 7#) ZHnCHe
5 — X% OIN$xk. Echoview 5.4 (SonarData tH#1) (2 X
% SvREMET -, RS, R E&T 7 7

Rty b(A vy a¥A X 100 m, B 24cm)
ZHVTKEE 10m 2T 2= E AR L=, ik
Fya i —dv~ Y U TEE L TR BIRY . R
Wk LB ERHZIT 72, KIROSRESAIL. %
IH H/KERE (F-probe P4 —A 7 ) 7 K5 %
WTTHIE L7,

3. BR-ER

7 A 23 HOKBOKIRIZEE T 27.8°C, HIKHE
b 1m (k& 89m) T7.3CTHY ., KIEHHEIIAK
®10m (23.6°C) ~/KIE 17m (14.1°C) O#HiPHIZ
HHilz, AT EOEESAMORAKIE 12°C
(Ishikawa & Urabe2005) [3/Ki%E 20m Th > 7=,
ZORFD I 3= B OFHAR 0.99cm, TS-100dB %
FWC, AL 120kHZ (281 5 5 Sy oF & T —
SO ERREE L 2 BT 5 & K 20~85m TD
H41% 17 2ind/m® T, 7K 20~30m | 64.7ind/m’ O
v—INE 6N, —FH, TTU 7 hrry MIE
BAERRER L 1%, KR 20~85m T 44 15.7ind/m’
THV ., K 30~40m & KZE 50~60m ([ZZNZEh
47.5 ind/m®, 32.5ind/m’ D — 27 RNR5NT-,

7 H 24 HORMOKIRITERE 27.0C., {HEE -
1m (K% 89m) T7.3CTHY . KEHEITKE
10m (25.0°C) ~/K¥%E 20m (11.1°C) OFEPHIZ A5
iz, FHEARERIEIC X DR AEERE L 1T, KGR 20
~85m TY-#J 2.lind/m® TH ¥ . /K% 80~85m (T 7.9
indm’ D — 27 BNESH., RETTEABICZOA LT
Togd ax BIIMEMEICBE Lo 2 LR S
oo —Ji. 707 by ML HEE LAk
REBEIT. /KT 20~85m T 0.4ind/m’® T,
KR 60~70m DT 2.5 ind/m® 23 B & iz,

fam e LT, FHEABRAE - 7707 by
N O FIEIZ BV TR ERBENI IR & 7, &"HK
HCilEk T DR OEREER L 2 ik 5 &0 * v b
ZRAWEEAIT, AIED I % TH 72, T OFEEN
5. FrEAREMEE AW FikcL I aen
SR (R 0D 7 el - BYREHAE D FTREME DS RIS ST,
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*p)llitke, FHRA,

1. FLHIC

MHAERRRICBWTHY 77 > 7 h I EER
—WEEZHETH D, TONMIRAEREETH HHE)
WM7Z s RO SMITENC bR B
2HEBEZBND,

W77 7 N v OB, o, R
W77 7 FrBE O, B0 s Oy
OERICEAM R EE 5T 5, S HITKIERERED
FAEN 2D DER % &3 L CHEEN R % Fi
DLEZBND,

VBB T —HcEbns X521
yuan 7 4 )VEGHREORE 07 7 A T —x
WHZ LT, BRBIHEMT T 7 b OES %
HETEDLLIIThoTe, ZOHET T 747 —
X o THRLNDERESAPDIE, < EVIKIET

E_/ Y
A

EZITTWNAMN? 2014 F

e

I\

H

DESCTRE DD D3Em O BEE TR S D, Ll

ZORYNEZDHFEEICOWTHoBEEFICH
SR EDO FHEMEZ R L T DB HRAR SN D,
Z 2T, ARBFZETITEV KR & EERE O v —
WZH T DKED 2 JE 0 HEK L IalBh 2 v Tt
AIREBR AT, HLFEN R & 12t 2175 &
EHIT, WMT T T N DAYEEER Y A AR
& ORENEERR LT,

2. MHEEARE

FAEIL 2014 ES ANS 11 AEFTIMAZEICE
i U7z, FRA R X EEE WA AL O B UN) TR 11 9 oDk
RA 40m DT Th D, FHAEHLE T, $hEKE
o7 7 A 7— (ACL220-PKD 7 L v 7 &) MW
T, KR, JCETERE, 7 ra 7 ¢ VaosseE & H
E LTz, F72. N R—= Rk E %2 v Tk
0.5m L7 a7 (LB EBEOY —7 NA LT
KEED 2 @ HEAK L, BARBIEIC X 266 RER
B A X4y (20um, 200um) HO m a7 ¢
NAREEORIERRL, Mg e 2157,

BHIRIE T & 2 A BRI, WIKEUBHRE D

BTSN DERE S X RNEED

FEEE
EE

AL T DR

HER (¥

R - BH)

=

Bz, W) & D RERFOBMEIZ IV TERL L
7o 300mL @ BOD JRIZFE D 72K 2 BRAEH L & A
CAHS RIS 2 K O IR L72KERIZ 2 5 LTz,
E 52, 0.5m &R D v — 7 B DO KIEE AN
BB ERX 2T 72, EBRILHE O ML 3 FEH
P H VRT3 BEREENE L2, KA REIX VA7 T
—RIC L BBEEDOELTRD L, /o, 7an 7
S IVIREEIX GF/C 7 ¢ V4 — Aildi k4 UNESCO ik
IZ R D NHNEF TCOWKEREIZ L > TR,

3. #R

FHAHIRI, 8 H &R\ 72 6 [E OB TE 7 o
T AT —IZLDran T o VE R E DS
FHITFETOER TR ALNTZ, L, Z7re~7 ¢
JPRFE 2 HREICRIE L7z & 2 A, g0
—27 & 05mD 77 VREIZIZEAEEDD
2V H L<I05SmDIE ) BmWBINHE & & o 72,
HAREROFER, HOCHENEE TV EB R
B —A (REOREHERKIBICERER LA KR
SEEI U T2, ROKIEOFRE 2 VKIS L
BEENA L) 1E S AL 10 A, 11 HO 3 [ED
BUTHoTe, ZTHOAIFZER T 4V c DEIE
i < EEEE, IMEEEREE,. REeEsEN S o1
AREMENE 2 bV, I HIT, 20um LA RO E O
suanu 7 4 VOEIGENE L INEUOERIERZ N> T
EEZBZD,

4. EE

AT TIEFREIT < TOHEARE DK I,
BORREERH L Z L BTz, (1) EEIC
PR ENEE TV D, (2) ELHETEE Tv
2V, (3) bbb 7uu 7 o VBEEXEKTLT
AV
AT (1) oFr—X /Mo raae 7 40 c
RO T T U DBHEMIICZWEA TH
DI ENMERTE =, (2) FEE» TR RBmED
DA OEBERTNTHDLERNHLHTEAS, (3) O
r—Z 3B R TIEA T = A LI RATH 5,
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P-35
* HEHE (RERET K- VIab—ay), Wi
BHET (RKRKAK -3, shEZ (BRK - A0E
), Bk (BEENAPE Il —vay),
bl FEAKR - B, IR FISC (MK - 365E)

1. [FC®IC R T DO, A Y A XN LD BERERZAT

AILEREE BT, AW oA & E 121X
B THZ D, BiziT o2 L. 2R2957) &M
EOT CREZITHOLENRS H, T OREE RIS
Zo$¥£& LT, Fx O V—7"ClE, B&Hi DNA

LR AW - A EFMFEELREL TV D,
Jmif PR DNA ZHIES 5 Z & THEMIAMR
EMENRHONIRD Z EE2RELTER, T
AW EITIREE DNA O & EFREN S L Z L 3o
TETEY, BEDNA ENLAMELHEETE S
EEZBND,

ZHETIZY TZ A 2 PCR EE Z AV CTEREE
DNA ZfifHT L C & 723, oA Tk, kAR (58 3 1
fX)PCR EMEEN DT ¥4 )L PCRIENER S,
WIRICHWOh2>2H 5, 7V X/ PCRIEL X
DNA % 7V ECRE bk (Fr y 7Ly
M) FLTHOMT2FIETHD, 2 TED
2pL D Ky 7L h®OHTDNA % PCR THIE &
T, ZO Ry Ly T LD DNA OF AR
HrL Wb, IS Rey 7Ly MZhHD 1
= —@ DNA %, {HANCHEIE S CERT 5 2
EMB, VT H A APCR LV & EFSE T DNA &
ZERTE, SHIZPCRIAFICHWNEZE X LTV
Al

AL TIX, 2 OOEBREITo72, 1 L LT,
FYHIVPCR &V TV A A PCRIZETS 5 EREE
DNA %z HW =AM EOEBEOREREEIZ OV T, A
VaRXLNERNLOY L A EANTHRE L, &
Bz, FEBr2 L LT, moMIcERTLITL—F L
DEHE DNA OFF « RIEIZDWT, 7YV PCR &
U7 /vE A L PCR T ORI OEMZ DUV TR
L7,

\_./J\

IINGS

2. MBELAE
EE1) Y HX/LPCR &V T I/LZ A L PCR %A
WC, BREE DNA &AM EZHEE T D Tk

577, FI450L DAY XA 28E2BWT, £
NZEN, 0-8 5k =aA ZHEL T, £DKMN
HEREE DNA ZUUE U CRENT L7o, & OFENTHE R D>
B, 21 OBEE DNA & & Z Okt - AEoR
RIZHOWTHET LT,

FBR 2) EBRIZ 1T, Takahara et al. (2013) TH 7z,
7o 7 O HELE U725 DNA > 7 L% H
Wz, T —F VOB DNA 23U 7 /L% A A PCR
TR SN E STz & 2 5 EE,
ZTNHDOMDY TN HONWT, T VXL PCR &
WT 7 L—F /L0 DNA % BlE L7,

3. HREER

FEBR1) = A OBEL DNA & ERE - ARz
WT, U7 A LPCR, 7 V4L PCR IEITHE N
R Tt C& 7z, UL, IKIREEDBREL DNA (2
BWT. T YHIVPCR TEY EREICHHICE D2
ERbinoT, WEDIELSXIZONTE, (KiRE
DB DNA [ZBWT, 7P XL PCR T/haWnZ &
Wbinole, ZOIZLnb, B DNA OER T
T HILPCR BENTND Z Rl

FR2) OO T L—F L DOBEE DNA 250
T, TYHVPCR ZMWTZRETIEY 75 A L
PCR LV bRHEEENE N Z & brotz, Tk
TV XV PCR 25, MRS < & 512 PCR [
(W EFEZ b, £, VT4 A L PCR
TiE PCRAFE (v AX—I v 7 R) DENTHIR
HIERENED D Z LR BN o T,

“EBR 1) Hideyuki Doi, Kimiko Uchii, Teruhiko Takahara, Sacko Matsuhashi, Hiroki
Yamanaka, and Toshifumi Minamoto (2015) Use of droplet digital PCR for estimation of
fish abundance and biomass in environmental DNA surveys. PLOS ONE 10: e0122763

EBR 2) Hideyuki Doi, Teruhiko Takahara, Toshifumi Minamoto, Sacko
Matsuhashi, Kimiko Uchii, and Hiroki Yamanaka (2015) Droplet digital polymerase chain
reaction (PCR) outperforms real-time PCR in the detection of environmental DNA from an

invasive fish species. Environmental Science & Technology 49:5601-5608
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P-37* AEHBOERRRKE RS T 5 TR

CL500-11 A REZHTE

K il ACH CrOK - ZAEREAT), FEARFI (RUK - AEREHT)
Mg (EERPE), Eph— (UK - 4R80T

1. [FL&HIC

AR TIL, EEWOAMFZTKE TE L2 RS
73> T F A" CL500-1171 2 B4 B BF 98 2 /P 9

%, CL500-11 X, 16S rRNA #xEANc o<
Oy 1Rk BT 97% LA EoRREIME A R TRE) 12
YT HHERORMTH DL, ZOMENET D

Chloroflexi FAVX. TR DI EME OB HRFE & LT
R LUV THIEID 2 < . ARBFZER RO TOHE T
HD, SHIZCLS00- 11 I NETIHELNTVD
TR O BEERRIC B9~ 5 . THRSC - AR - SRR
EVIHIHEENTRERNTND, 2D DR
TRREERVEDSN . CL500-11 1] 5 2 DR B 70 A H Y
HEEA L, AERNCTEEREEHZRLZLTND
AREMERE W EE X BINLD,

2. MHEEARE

EEWMIZHBWNT 21 » AMIChZY , KEND
JERIZ T TD 5 KETHAKRZEIT o1z, o7z
& F 5 CL500-11 #fi# 2 CARD-FISH(Catalyzed
reporter deposition fluorescent in situ hybridization){A(Z
F R RANCYE L, HORBEMEL T CRHET 52 L
IRV BfFREIE LT,

Fio, EEWILSOWIARIZIIT 5 CL500-11 D1F
TEZMRET D72, AMEFREKEZAT 2 ERNOHE
EIEIZ B W CRB N ERE T M OBOK 24TV A
KEIZ CL500-11 OHfFREZIE LT,

S DITTHENEE LD ORI OV,
fid |5 — % ~—Z (Genbank 33 X (" Sequence Read
Archive) DORFRAEFTVN, ZAUE TIZ CL500-11 DI
RIS ST BRE A L7,

Y

-

‘

BJ1 : CL500-11 DBMEETE (A7 —/WF 1 um)

3. #R

CARD-FISH Z:taDOfER . CL500-11 1X ) 70
WEARE L0 A (B & 1-2um) O = < REEE O
Rz R Lz (M), BFROHRBREZ 2L &, 8
DRSLLARE, KR THIIN L, AlJE R o
DK 15% % Hb D E THINT 508, ShEIRA D h E
5 LB REIFFAICEE U U HBALL T 7225,
EWVWSIH AT NVERTIENHLNERST, £,
ZOMBORE I NG, MIAERE L CITMERES
ROKI30% % DD ENHLMNERD |
CL500-11 2N EEEW OWEIEER B L OVERERIZEHE W
TRNICEERFIETH DL EBH LN Lo T,

EEHLAOWTIZ, ZhE TICHEEIT-o B
AT« HPAEESEE - AR - TEIO WO IR
WTH 4 T CL500-11 23 H &, fe KT 14.4%
& EEEMIRIE OB F R R S,

F = A R—= AP TIL, CL500-11 O ELFES
X, R ORBEEKEEZ AT LME TR0 -
THEY ., L NAMBLHKE E I3 ERAYICH
EEINTWBZ ERHALNE ST,

4. EE

CL500-11 IZZNETOMAETHEDIEHINT
ol [HMBEHKE] 2REN=yFLT5
METHY, HRFOMBIZIRS HMLTND LS
2 HND, BKBEOEKEREICLELLT, 44
T I RBIGFEEESEZRTZ LD, KEHEO
WEPERICB W TEHEEREHZ R LTNWDHEE
ZHNDHM, BUEDE Z A, ARFHEOEIRN IR
IZH BT 72> T,

ARV I8 H D 5 1 C I BB DS IR 5 7 SR 2
W ThH D, 5SHBONETIIERFKAERT e —F
T CL500-11 &% 7 AREZITV, RETEEZ B
LT HTETH D,
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Carbon,
freshwater

P-38*

nitrogen and phosphorus

stoichiometry of

zooplankton during algal blooms and

non-bloom period in eutrophic reservoir

% Jin Mei-yan, Chang Kwang-Hyeon, Oh Jong-min (Kyung Hee Univ.)

1. Introduction

In aquatic food web, zooplankton plays a key role in
connecting primary producers and higher trophic level
animals, and thus, is an important component in the nutrient
cycle. Eutrophication introduces excessive amount of nitrogen
and phosphorus into aquatic ecosystem, and causes algal
bloom especially during summer. Considering the seasonal
dynamics of nutrients, not only from the viewpoint of water
quality but also based on biological and ecological points of
view, is necessary to understand the nutrient cycle and
consequent ecosystem structure and function of eutrophicated
ecosystems.

It has been suggested that there is large differences in P
content between some freshwater zooplankton species.
Herbivorous cladocerans, especially Daphnia, had a high P
content and low N:P ratio, while copepods had lower P
content and higher N;P ratios. Zooplankton with different
body C:N:P ratios can be expected to differ in their relative
rate of recycling of C, N and P. Stoichiometry has long been
used in ecological studies, and it predicts that differences in
carbon: nitrogen: phosphorus (C:N:P) elemental ratios
between zooplankton and their food should influence the
relative role of zooplankton as a sink or source of N and P.

In the present study, we analyzed carbon (C), nitrogen (N)
and phosphorus (P) elements stoichiometry of dominant
zooplankton species in eutrophic reservoir, and its spatial and
temporal dynamics were estimated to provide basic data
linking to functions of main zooplankton groups in different
conditions particularly in bloom period and non-bloom

period.

2. Material and Methods

Field samples of zooplankton were taken from two sites
(inlet and open area of eutrophic reservoir), by vertical
(100-um mesh size) net hauls at monthly intervals throughout
the non-bloom and algal blooms period from September 2014

to September 2015. Live plankton collected from the reservoir

was brought to the laboratory, and immediately frozen (-20°C).

Nam Gui-Sook (Korea Rural Community Corporation)

Before analysis, frozen animals were directly sorted by
species level under a dissecting microscope. Dry weights of
the samples were measured after 48h freeze-dry process
(-40°C) . Carbon and nitrogen contents were measured using
Carlo-Erba CHN
contents were analyzed according to ascorbic acid method
using HUMAS spectrophotometer HS3300.

1106 elemental analyzer. Phosphorus

3. Results & Discussion

Zooplankton species (mainly Chydorus in September and
Daphnia galeata thereafter) showed a significant correlation
among C, N and P contents. The N and C of zooplankton
positively correlated, while the P and C, P and N contents
negatively correlated. The C, N, P contents (% of dry weight)
of zooplankton species did not show clear seasonality. The
N:P ratio had a seasonal fluctuation with higher N:P ratio
during algal bloom in September and sharp decrease
thereafter (Fig. 1). It has been suggested that nutrient
elements ratio of zooplankton is related to seasonal variation
of zooplankton species, food type and nutrient concentrations
in the environment. We analyzed the relationship between

observed nutrient contents and their ratio of dominant

zooplankton species in the reservoir, and related
environmental factors.
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Figure 1. Seasonal variation of C,N,P ratios in zooplankton

(cladocerans) collected from the eutrophic reservoir
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Biomanipulaion in agricultural reservoir: combination of fish
removal and continuous herbivore release from culture facility

* Seo Dong-Il, Chang Kwang-Hyeon (Kyung Hee Univ.)

Nam Gui-Sook, Lee Eui Haeng (Korea Rural Community Corporation)

1. Introduction

There are about 18,000 reservoirs in Korea. Most
reservoirs are agricultural reservoirs and multilateral
plans for prevention and management have been made as
occurrence of algal bloom is gradually intensified due to
severe  eutrophication. Biomanipulation can be
considered to be an eco-friendly method for the
controlling of algal bloom in reservoirs by applying the
biological interaction among fish, zooplankton and
phytoplankton, so called food web cascade. Traditional
biomanipulation is a method reducing algal biomass
through inducing the dominance of large zooplankton
such as daphnia by removing zooplanktivorous fish
using piscivorous fish introduction.

The present study considered a method of increasing
the efficiency of biomanipulation through employing a
sustainable control method such as the continuous
culture and release of a large amount of herbivorous
zooplankton, continuous introduction of piscivorous fish,
and the removal of fish, with the conventional theoretical
background of biomanipulation. To maintain the
poscivorous fish biomass and support the local residents'
income, piscivorous fish as well as other
zooplanktivorous fish were caught regularly and sold to
local markets.

In the present study, we introduce the application of
biomanipulation with sustainable management including
continuous zooplankton grazer release, and summarize
the effects of biomanipulation on water quality and algal

bloom occurrence in agricultural reservoir.

2 . Material and Methods
Chodae

biomanipulation application site, is an agricultural

reservoir ~ which  was  selected as
reservoir having storage capacity of 1 million ton, and
the average depth is 2.5m. An annual average of Chl. a
concentration of the reservoir is approximately 100 mg/

m, and heavy algal bloom occurs every year during

summer. To apply biomanipulation, massive culture
facility (two 20-ton culture tanks and six 10-ton culture
tanks) was installed in May 2013. Cladoceran grazers
including Daphnia similoides, Daphnia galeata and
Simocephalus vetulus have been cultured using natural
food assemblages collected from the reservoir, and
increased grazers were released to the reservoir with
one-week interval from May to October since 2013.

To reduce zooplanktivorous fish, 50,000 individuals of
piscivorous catfish juveniles were introduced to the
reservoir in June 2013. From 2015, direct fish removal
by casting net and fixed shore net during was carried out
during spring.

During biomanipulation application, we monitored
population dynamics of grazers in massive culture
facility, and water quality and plankton community of

the reservoir were also monitored.

3. Results & Discussion
Since the massive culture system was operated in

2013, the population density of cladoceran grazers in the
culture tanks were increased, and maintaining more than
100 individuals/L of grazers was possible. Species
composition of cladoceran grazers was different
according to the culture tanks as well as seasons. The
dominant species were D. galeata and S. vetulus.
However, during summer when water temperature
increased, their population densities were decreased.

Released catfish juveniles gradually grew up and the
carbon and nitrogen stable isotope values of catfish
collected from the reservoir in 2014, indicated they are
top predator and play an important role to control
zooplanktovores of the reservoir.

With regard to the quality of water in the reservoir,
when annual transparency was compared, it was verified
that the transparency sharply increased from an average

of 20 to 40 cm, after the application of biomanipulation.
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s (ROK » REUEHERT) , JFARE, HAORT GRUR - AERENT)

1. XLCHIC

B2OFE - ERHTIX, a7 7 bk
> @ Synechococcus J& 3 EABIHITHE 595, Fex 1,
IhETICEaEm T I F UL EBAETHD
i e O/ (MAEML—T) IZOWTHFSE
%477z (Takasu et al., pers. comn.), L2 L., Z#U
SWAEMLNMCED L ST T 7 PR AERL
TWABMD, 1FEAETERBNEN -T2, Frexld, W
T NIRRT T 7 N OBEBE N
RREHA D &L 2012 45 8 H 31 BT, RAITARIHD
K100V v MFEEIZONWTTZ 7 bRy b
Bol&, 707 NoOREY TN ER ST, &
AN, REFWRZ i, ozt 7 it
W77 7 hob@8m T 77 hrblidlA s
Bohiehoiz, FEIX, 2005 405 2007 4FIC
DT T, EREO BRI ZERBA D I DT AR DA
RERIC DWW CREM e 21T o 72 (Wi U PE 363K,
2008), FDFER, BT T > U 2Tl Sinocalanus
JB&=S° Pseudodiaptomus J&IMESH)ToH 2705, F O
REE S IIHE L TRy o 72 (JBAS, 2008). M~ 5
> 7 KTl Synechococcus J&DEEIIZHE L TH
L (A5, 2008) 28, MW =7 O 6%
Thalassiosira, Puncticulata 75 & O FEEEREFR D JE <0,
Cyclotella, Aulacoseira, Gomphonema 7¢ & DUYSIKEE
HEREOBE/MEINTE (85, 2008),

FE DI, B TERBMDE LR TR &
@A 5 FE - KRN T, AR ERE O
TEIT>TWND, ZOMITEH, AT T 7 b
YRy hEBIE, TT U0 N ORKEY VT VAR
ofc, TORR., KMITIX, 777 F Ui
Microcystis JEDEBIRITE LS L TWeh, B~ 7
Y7 hARIFE ARSI o T,

WMAEOFIZIE, WAKRFIZEL OF b X ARGELE
L. EOEWNLDORH D, N HY =0T h
WiE, REOT M X XA THKIE > THDBH,
DT M) ZAIEMT T N DR E LT
HHETHAD EEMEINTWD (Toth and Zankai
1985, Zankai and Ponyi 1986) , = ™ X 9 ZafE5i%, 1
FHETHLHREDA Y  (Vincent et al. 1996, Yoshino
etal. 2012) | EFRAIZIES ZIT AN BN TV D F5E
ThAHoH, ERIHE KN, N7 FaedtmL T
HLTWBEHMEIZ, BOWKIETHD, 7 MU Z AN
ZLWENRERNRTHDL, LorL, ibkom@y | %

-
—

W & K IXE 7 T 7 N OBFE RN
TEWZ L EEZzD L, BB OT MY X A0
Y777 hOERRE L THEIELTWS &
A 720N,

AL T, EEHC K cREay 77 b
UM ? | BYIREOREEE O S OMELOTH
HBERLRDZON?2 AL TDHZEEBREL
2o 2B, Fox OIFFEF— 40T, T E TR
DOEW T T N OB FREEZIEL TR
NS, AlRoRETIIEMT T 7 N BTE
BEORIEMRR L. KD Synechococcus % ¥ < B
N —TIZONTHET S,

2. M EAE

20149 H6 BE 201542 H 7 BT, #[HE -
PEEH DR EAK 50 U v hVEEEL, 20 2 7 0y
B0 I 07 hooxy hTRAKE
B L7, Son-Y 7 i, B3 — ik %
FAWTHETE L, EBRENTE TN L. LRk
HEEHOTRMEY T oEM 7T 7 F A
AR LT,
BEDD, YafmT 7 7 h AT A EA
EIZ L DERIZHOWT, FmIREE W THEIE LT,

3. BRLER

B AROPEEH TIX Synechococcus J&ME 5 LT
72 (12X 10%cells ml™) 725, &Z=(CILimHEEEE O
Katodinium JEMEE L7-, %FIX, #8777 b
VOFEJRE L THRIE LSS Y A XETEREETH -
oo —J7. BT T b AREEEIL BEE - &
ZEHITELS, EITATITHBHE, Vav iz
EL{BETERD» o, EFT, VLAY 54ind. L
THOTEMN AT VL) —F )V 72L& TS
ind. L' ThH o1,

PENEHA Tl A2 PE S V72 Synechococcus @ 53-175%
DEEZOLHERIZL2ERETHR L, ZORY
HEIE, HHIIIERICHERE L T\ s, ERIRIE &
A EREBE L TV EoRIB S Tz,

A ORYESH A U - WERBRIT, £& LT
EN—TIC LV BEH I N TBY ., 777 K
VINOEMW T T 7 N ~OAREHIE, 7L 24
FECEMW T T 7 ATl o TEE LS VNG
FELTWTH, HbEVHEREL W 2WEEbN D,
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" R iR

IEZRPEAR A BT, JoAE AR E TR L TR Y |

BEEOFE AR L Yy FU R F2012) T 7212 50 &
ELL BRI BN SN, £2. BARDA
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ALK H 7 & KR AR BB R DR A D WL B 23 R
STV

Kﬁnfiﬁ@m B D Ik AMEAA R BEO
FRUCER Uiz, IkAKMEKAERBEO—FETHL T
yAanvEIIBNT, 2EFROLV Y RF—2 v T
v 7 LB L7238 B 5 (HRIE A, 2006), = 2

TIIRNRICR T 27 v 3 a v HOBHEMAEIT
FETHY | EMBEEEIL Ny S THD EENT
W5, ERoFEflly, FranvBEEBEP LR
Bl A BT D 2 Ot oo 1k KPR KA B B b 4 1] IR
ICBWTCEIRI TH L Z EmB 2 b b, A
JIRIZ I T B 1E AR MK AR B D BR3P ) 1R v
v RF—% v 7 v 7 (2006) 431 B H155(2004) 72

ETHE SN TWD 2, Bz T 5 reak 1345 0
TAHRL, FMRRER SN T I o, Fiz,

WA ALIE 9 2 Bk, BR7aEs & i L TR<
MBBAFE SN TERY , BT I fEHRIRIL T H
AREMEN R SN D, Ko TAMFIZE T, Bk
(21T D Ik KMK A B DR 2 B3 2 i B S
& LT IEKRMERAERBHOREZW S MIT 5 Z
L HME LT,

2. MHEAE

SRPGRFRIT KA B L OUKA I S L, G
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BEMICHE TS IEKEKERRBOEHS

BEtg )

Zlholz, £, HPHEHMSOLEEE L, Shannon
BB HICX D ZEEREEHNTONG 45 £TO
HiETE L,

3. #R

ARFE T 54 FED (LK PEARA B 3 sl S 47z,
BREEA Ly KU A RQR012)BLOHEIIEL > KT
— X7 7 (2006)1Z 33\ N THEPER G AR IS K OVEH )R
fEtAFED P E 252 1 TV D FEIT, BREEA (2012) TIX 7
i, ARZS)IIR(2006) TIE 15 MR S iz, FE & Tk
FRHLS ORERIME 2 Bt LA R, SikiNicRsiT 5
1EARPEARAE B D A3 A 1T R O /K kbl B
U723, W pss L717J<L PR A TR O JA Vi
D4 TN—TOREIZTT B, S HITEEE DK
M3 L O L%Tﬁbfzﬁk@qj“(\ W Bz L
ToOKH, SR BERE U 72K, A0S0t & Bz L
TWRVWWKED 3 7 V—F O JENERBE N BIFR T D8
MR HIT, FT2, 230 » FTORAE S CEARE
FBHHN IS EOBE L e o T2 HRIXT v FTdH D |
26 6 H FTITRHICIHENTZ KA TH D Z LB
T o7z,

4. EXR

Tl & ferB S OFERIME I BV T, BRBET D EREE
X > THEVRORHEN NI 7o, SR ITMHE
FTOW)I, frH, MR, AN L%, FRE O
R ARET A TETH D, Fio, AR

2 ZEREIZ BV T, SRHIZBH E 72 KA D 2 kR
FEFERE Do - ER D—o & L THAMEDORERS

WK % A Tl 70 ERFR R BRIE A 4f e & S D

FEPER SN ERBXOND, TR
FENTAKAR, IINRBAREBERE L T D567 %
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* SRR (FERRPE - BR L), FAEZ (FERK - BI)
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1. [FLCHIC

I AR HIERIR MR <0 & JEA V8 3 R ih ORI E &7
STRY, ZNHEMRRT D7D A TR kL —
WERZBNTND, ABFZE T, A A~ AT RLF
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v REAB LI,
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1997; $5K5,2002) DEEINTWVDHD, T b
Z< DHEFFEBRENLEL 2> T HEEZZILN
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gracilis (NIES-49)% FHV N, (K= 2 b TRk R
EATO T EMTE D, ARRAT L OVG TR BERNF % FE 2L
O A ZIEE LI R BI FiEE BET 5,

2. K&

TimE AV 5 RIER
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W23 T UL E. gracilis Z it S 7o, RERFH Z &1
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AT IR AT ORI D . BINEERD | %
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BRI LT,

IRALERIZ & BB EIR
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DB L R ER . T O LB S
mL F1ORMARE B 2 FHI L. IR LB BRI 0O
fFEREDFED B ZNZNDEI R AZ R DT,

3. BWRRUEE

£ & D72 D R50A41 C 60 3 [ E. gracilis B5E R %
ARSI AER, B S TR EDR S THRILE
70%LL ETH 728, FO%, [EUER TR I
T U7z, REARIRTE Y 72 0 oK & [RIER O BIFR
IR T, EOME, BRI AR Y Y
HARBIEFEL TS ZERHLNERD | &
(2 30% T L7z,

Iz, 35°C, 40°CIZHME L, 0~120 43 Eri&E L7 hE
REK21RT, 2O/ IR 10 73 % Tl
35°C & bl LT 40°C DA TRINEE DK 10%55
M, 30 L IR AT O EREBEREITIA Lo
7o BRI, 35°CT 60 /7MLl B, B L<IE40C
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KTExBHEEZ LN,

80
-

-
=
L

®5.0cm
4 10cm
W 15cm

g

Bz [%]
g
L]

o
S

=)

|I3 10 20 30
T R TR 2 72 9 DAl [mLim?)

1. RRATRFE Y 72 0 DK & & [BUEO IR

40

e

*35°C
ma0°C

0 20 40 &0 80

B3 [min)

AR D R R DR AL

100 120

2.
BN
Grima E.M., et al., (2003) Biotechnol. Adv. 20,491-515
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U ATEWIZFIH AR R e T OFIE &N A
ThH DT, Tl AERRROWENEER 2 i 2 R
K+ &0 955, ZOERBITFERIFFMEICELD .,
LK O NFTEENZ - THEH S U ik, B
FTALRLEM SRR T 70 ERA e BREE R 2 LIX
UIES &8 23, ARBFZEE, IAERERIZIWN T T
BT ADAREME] &b T b3 s o A\ TEE
ERFET D L L BT, WRMAEMRREIC KT
M52 L2 BHE Lz, S5, WIERR
DY RN Z — 2 B I A — L TH T S
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% AREREERE D REAN & R A T2,

2. MR EARE
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HEE L7,
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BREEREIC T TR E LTI T 572012, VDA
ATGNANY 7 2% BB, SHEE AN T~ A
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AR (mol/km™day) 1., ZNFH 1.34 £ 026 &
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GEITAKEOE (pH, KIEE e &) (2L Y HE

EEZ, KEEMZHEZ DFEL LT 2FERMD
ENTWD, —fRIZ, KEEMIZEVETEREZ &L
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FECIE, BERBROEERBRAEY (K41 v a
=t xa¥IPra) ®BLM BNHHN., HADER
BK EMEESOKENKE S B2 58K TH%E S
NebDOTHLISH, TNERHALEZT TIZHEAR
DREKEBRBICRFA DALY A7 i b)IciifE ¢ &
AN

Fxld, IAIPa~obBEMEEY 77 L
AL LR, BRIZAS G TH 7 hIvra
® BLM Z HARDKEEZME L THETLZ &%
HEEL L CHIZER D T D, ARFESR TIk, MEE (Ca,
Mg) & pH OZAL LD FHEDOBEFRIZOWT, I ¥
v a 2K ERBR O 2 b L Ci#Em T D,

2. B EAE
IV A AR ERRIC A I VT
BT RIVanERERE—Or n—2 %

77o BB & LT CuSOs ZHM/KIZIENLIZB O
EHA L, BEOEWICE AHHOFE~DREL

-
=

B 5T 572012, Ca (0.01-4.12 mM) & Mg D
WEE (0.01-2.56 mM) BEL W pH (6.5-7.9) B8-S

Ca & Mg DREIZIKRTF LT- Cu DRESEH -

TOVODOHE
KEERE (BRSNS KRS TEERE TSR,
SRR (PEEHTRR B3R 2R FHF3EET)

BOARIERE (& IHRSIRY: TBREE T8

ST TR AT o7, Rk o Cu, DOC, DIC
LBA A (Ca, Mg, Na, K, H%) OJREA T
LT T NS Cu DA 42 D activity
ZHEE L. 48-hLCsy CPEEBIEIRE) LA A D
Btk 2~ T,

3. WREEE
N R DRV R CKESRETIEE 7 R R
VapdFIvralhEminole, 7RIV
2zt 4 % Cu2t 48-h LCsolE Ca?' JEEE (activity)
DFEVIZLE Y | 14.45 nM-123.10 nM OFiFH TE L L
2o Mg¥ DT Ca¥' 1T 50 22Dy o 1273, 48-h
LCso 7% 19.10 nM-41.21 nM OD%EIT“B“{K L7, pH I
VEAFRE Cu PO Cur" OEIAICITm < R L7228, H
% Cu* DML ﬂbf&&h&%@bﬁ#oko
Biotic ligand |24 % Cu*'=X° Ca*', Mg*', H 72 &
DA F v OFFEIZ-ETHDLEBEZ LT
D, CuO"ORENR—ERDL, ZhbDA A PREN
& Biotic ligand (ZW A5 3 2 #i O sl TARRFHIIZ /
S 70 fERE L T48-h LCso 23R < 72 D, AHFZE

DFERMNS, W7 RI D3] ﬂ#é&ﬁirmﬂ
LT Ca¥s Mg kg L FFLALE

%L@w_k#bﬁoto;n%@%%m@@ﬁﬁ
EMTHAHIAF IV abiZirs (Ca kv Mg

NERS B, £, AETIE H B oEMICH
KBTI ENMOLNTVWDER, IV aHTIE
H2MEEAERELRNW I ERbho TN D,

IKEARERITKT T 2L FWE D Y X7 FEfi o H

HEEOREF L L TR EISHWLNLTWD A
AV IR IR IIAFAE LTV R, E DT
N @W@ﬁwaxmm#ﬁ%ﬁ%kﬁéﬁﬁﬁﬁ
FEAMIZIEE LT e, F70, ARIFROERND
Wﬁ://:@BMAT%VEhT®5%4%V@
NRIA—FEZOEEI T VIV ZHEATD
ZEIEFETERWZ ERHAGMNTR -T2,
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BEAHICE T SMERFEDREER

(BHEMERYAHFEIC KD D)

*BHINVE (B RZERF BT «

1. XC®HIZ

IKIE T DAERER DEECAKE DEE 2 5
(2 5 1= OIITKE B COMEIESR, R A
OIEBRZAOMNICT D Z ENEE L 70 5, MR
FLITKENT, #lad, H20ITEED) G E
BT 2 0fETH Y, S DIZEEY S
G ECGRT OMEREETLHDLZ LD, A
B DG B IZ 3 THIBERESE 1R I B B e %
%%%tbfwékmzé UL, MRBERESRIT
ENENDOET IR > THBEM DY AT
ﬁ@#%k?éﬂ&ﬁ@%étb,%:@h%%
THOLOEEZRI-LTWD EITRL AW, £,
HEREAVWZERCHREBRZZ ENEE S A
REMED B D,

= ZOARTETIE, ARG B,
A SN RAFHERE 9 A W CHIE RO A
BEEL D SABIEMEZHIE L, YFFEETINE T
WS ST D BB i KLY GA 08 B (Vmax)
S BRI (Ks) 2zt U CTHLY GA BIEME DA B
DEETWDNE I DB EIToTz, 72, Th
B DB LUK LC, WA O AN BERESE & x5
W L7ZABAIRICET 2E 7 UMb D72 D12
HATE 205 Lz, 612, BERIHNOAE
BEERICELMRE X TV D E ) DIT OV TR
L7,

2. MEEARE

PR F 1/10 C 553 100 ml 2AA - 72 =/ 7 5
Z, PR 600 nm THEED 1.0 LLEIZ725 X
DT HRE 2 08 S W7 A FE R K % 0.10 ml 3%
1.0 ml &z 7=, BCTI_N LT ra—aX
EHEER T R U U A ERRKIRENZENE L 12200
umol * 1", 10-2000 umol « I'' DT 7 B 72 5
L oMz, D% 20°COREATT 8 HfEksE L=,
F#Et, A& 20 ml C Whatman-GF/F 75 A 7

=1a

BT HRER,

HEHER (LR - B

FAN=T 4 VHE—(RT A X 0.7 um)% i
LTI AL, 60 CIZRRE LI-HgEesT7 «
NG =Y T A 3 RS Y, O,

P TN LY B RRERE AT, BICE

BCO, 7+ T4 —(BAS tEXBO&%@%
L, Bk o Be-7 o — 2 L Be-FEET R Y
U LD IABEZRE LTe, £z, RBFERICHE
AL TV HIENHEEOHERMIC AR LT
WD DM DWW T DOMERD T2 8, ZEVERIPRFE Nl 7
JVESUKEE(DGGE 1) % iz,

3. WMRLER

2011 ARICHE ST fE & R, v a— 2
VIATAZBAT MR IARTENET, 9 FEDOMBERED
95, Novosphingobium sp., Sphingomonas sp.,
Microbacterium sp., Deinococcus gobiensis @ 4 T
HREL R o T (Vmax BER E230, Ks fEN
TRBIREE), £72, Za—RRINMRIICITERY
ABIEWED NS K o TeITFE LR D o T, £
D—J5C, BifET b U U LB AZIZET HEY
AZIEVEIE, 2011 O E R L, K& <7go
7o FE(3 1-110425-P-ACRFEIE)D 1 O HTH Y,
EVEDN NS o2 MbRBO BT, 7o, WA
FEVZLDZRNF—2BGRTE D7 = R
EFICEIS T D720, HHRE D b 7V a—2 &
FERNCHIALE D L L, HiRE D b7 ba—2AD
R IATIEIED T RRE L 2D X HITE LIz
AIREMEDS B 2 D ALTZ, BV IAZIEMEDEA AL L
ToBRE L, REIFICIE Dk el 5 2 LI
E0, MEBESE Y IAALTEIREZ TE HRD BL
BHRATELLYICHIG LI B LR
Too [FER72 Z LITMIE R EO B ARBREA TH &
L2 ENTHRIN, KENTOMEREICLDA
B OFRRHONTET LT DB S EET
LN D,
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* BEME (U KREXRZREIZHER),

1. [FLCHIZ

AR HESE L iéwﬁ EA 1% %) (DOM) D FI] A
X, AN —T 1B DIRFBMEEROHFE R TH
D, EIRORBEEIC link 5 9 2 TEHELEZE
BRI L TS, fMEFEES DOM 25 HT 5B,
Z @ DOM (Z L 0 JIEJ T = 2 AR DS RIS F]
AL T EEBZLNDTD, FINEDOHRAL
ARV L 72 B O FEIAIC Ko TR
LLLTOMMMEDRRD EEZLND, A5
DG T 5 LG EFEEE T & 2 [ 1%
DD DEFEPKDMANR L WVEREW TH 5,
DEDRMIZBITOMERED S EFIERAH
M DS EE P OS5 Z L ITERE
WHOMERZE 2259 Z CTHETH D, A5
TiX, HEMOMEREL S E L, SEIER
BREDIDEN LT EAE LTS5, B O
%’iof%iﬁ%@%%%i@%iﬁ%ﬁ%

-—
—

CEDROIBEBNLLZONEHLNIT S
k%a%kbto
2. EBAE

201444 A~11 HETO 8 [AI L 201544 A~
7AETO 41E, ABEMOEREKEEKL, 2014
FIIRTHA X 30 pm O=hakLlao—R7 g
A —=TAHlL, AURIZHEIRE 1.0 mmol LI 72
LHEIITHEM I Va—R, BT N UL,
Gly, Ala, Phe, His, Glu)& —FfEE 3 >R L 7=,
I HEIL TWRWAR % control & L, Z4LE1
DOFREE 20C, WEFTCHEE Lc, BT 24 h &

(2R 600 nm T DL 2 43 O EEFTH(Nakamura
2IDV)IC K 0 HIE U R EE A sl LTc, E 7RG
i & BE8 14 1213 DAPI Y202 K 2 I8 5 =CHs e i
BA2 HOTDME G E 1T, SREO 21T
ST, EBIZ, TIMUT-AES % ICHIEEIC
X o TR ENT-5E ORIFHER B R 3 (DOC) D
BV E Z TOC-V(shimadzu)Z W CHIE L7-, il
BREE ORISR IC oW TIE, BEEERT & % ok
Z02umDX T VRT T 4 VH—TAHEL, 7«
A — EOMIEREEED DNA 2 L, ZEvEH e
JFEA)BL 7 VB SR EN(DGGE)E % VL CRENT L 7=,

EXREM (BT OMBHEICHS T2 3EEERY OB

BEER(UFEX - 8)

2015 413 2.0 pm DX 7 VIR T 7 4 )L H —Tilf]
KE A LT AIRICEEI(Z V2 — X, BilET R
UL, Ala, Glu)Zz—fEfH9 > 1.0 mmol-L™'72 %
oIz, KEHELELTY VEEKHPO)E 2.0
pmol- L' & 72 b X ORI LT, £7=, AEHD
I LT3k & A & U R % RN ISR
MU 723B & [FERICRE R L, REEZORWHER
DOC DO FEIZ DWW T hel L7z,

3. HBR-EER

W DT K0 VR L 72 A B 5 5 45

B AU 7 B B T R T 2R D I SO B R B o R
£V, AEHMOMBEREILTICER;T N oAk
Glu [ZEWIEIGEZ SO EnbhoTz, /M
HEEHORR LY, BEZRICEEEN L %<
B4 LTb\é RN R T A O
HENHE Z L ICR > TV, TRHDZ LD
Eaﬁ@ﬁlﬁ%@ﬁ% SETIX WML A
B ORBEIZ L > TRERENRDH DL Z LR DY
D, ZHUTEREY Z L AERCRIH LoV I R
DERRSTWATEDIEEEZ ST,

DGGE {EIZ L » THIEHEOHEZ LY, B
HIAOME I II R REPFAE LIEERR D
NN RANE— U PRI D Z LR TE T,
FWIM U= AMIC L - TEERT L EE%D
WNU RRE = DB L T2 oD, Hi-ic
BV RRZ— b UTHB L MERED IR

menizfAEmz L <FML, i - 2L T
reLFEZbNT,
KREBRTEIM L TZDITIRFR & L TOHREY

@ﬁf%otoaﬁﬁi*%ﬁﬁﬂmﬁﬁf&é
, T T 7 R RRHIE DRI T E HIRED
*%iﬁ;@il TN L S HEE ST (8RR,
2014), S RITEBED O & FRFIC Y BRI 2 1R
vy, AW & RIRHISHEEIZ X > THIA SR 5 5%
FEDHA LT EIE LEEBREREZITY, Thb
DRFBHOBMB D % FIH L T OMEE DAL
B DU BAb 2R 2T OHER L, TOMEICD
WTHHETLTETHD.
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} AN (R RFRE - BLEFERD,

1. FLHIC

KEEBREE DB X AR R OB, ARIZE
STEXEBLRITHAND D, FrZ, BYEHO
JEINTH DAEMREITRELB OB L 210
T, EI0D EALOAMRE~EEPMERE L T
LEZBND, T, TRIL S DEREAENK
T OMEMHEDO T Z A ST L, BREEAB~x%f
WA D707 — 2 2 ERET D 0END L, WFIELt
G & LI A TR, BN 6 oy NAT &
O LY pH BHHEILL, TAI =T AL T
EEOKT HHE SN TV A% 2008), — 5T,
BO®INSDOT I =7 A F U RAAREN
WA TG E 7 EOREEIIZIE, MEMRHEICE
DD REEND D ONERSTTDLERD 5,
AW CIE, MEEICKT D pH, 7 I=D
LA ORBENET D0, W, FANR
JNOEWN BB S 2T 0 I =0 KITHiHED
7% 3 OB LBAERE, PC RERNIRIEIC
£ 2 HEBOALIEMEZRIE LT, £ LT, MEICH
AENTZ, HDOAIWEMELTWEEEZLENDT IV
UL, T REEERT DD, TIAI=TL
Yett\Z K0 mg AT 2 LT,

2. MEEARE

FEE A, R X 0 (2012)I12 L o Tl S
U7z Sphingopyxis sp., Kokuria sp., Janthinobacterium
sp.D 3 FEAER L7z, BEHUZIE 1710 C B AV,
pH % 4~7, Wilg7 /v I =7 L% 0.5~200 pmol/L &
U7c, PRHREEEE, REBUAZEMEORIEICIX, 7
a—A, FEgE U ARV, ZRER 0.01,
I mmol/L & 725 & 5 IZWIN LTz, FEHESFEREE p % 3K
DHTDDNy FHEARFEFRTIL, L Es
BRAEIZ 10 ml T 253 L, HIRORREIIR & 2] 5140
$2.6x10° cell/mL & 72 % X 9 12hz 20°ClZ THE 3,
T %43 6 FE #(Nakamura 21DV) THlIE L7=, °C
LEFAREIC L D7V a— 2 LFFET U A
Z W B BUA A FEBR T, 0% L 72 B H R
1% 2 AR 52 2.6x108cell/mL & 725 X D ICHsm L

BEAHICE TS XU T ILE =D AMEED

IREEECR S D

AEER (WX - )

8 IFfiIE%3%, Whatman GF/F 7 -t /L % —(pore size 0.7
um) CAHM@%, BARSHK PCo, T T A Y —
EX-130S ZHWCHIE L7z, T/ =7 A%,
AL L 72 5 i | Z SR A AR 2R 2.6%10° cell/mL
LD KON L 8 IKFffEEFE, Nuclepore filer(pore
size 0.2 pm) TAWE, 7 4V Z— EOREHIX L T
0.25 pmol/L & L7=/VE4 U A v % 5T 0.02 mol/L,
pH 4 /N> 7 7 —% 2mL ¥ L, 70°C, 1 K¢
MEAL 72, 112 DAPI % 50 uL flx Nuclepore filer
THE B L, HE L — —8 B IEM B (Nikon
ECLIPSE Ti, C2"3 AT 2)ZHWTHIE L7z, b
W - #OR R X, DAPI 408 nm : 461 nm, /LEH
YA 488nm: 576 nm & L7-,

3. BRLEER

TNa—RAERE L LR TIE, pH MEWEA
(ZERIEAERE, BUAAIEME & HlT/hs< b Z en
Binodz, LML, TIAI=U AL LU BENREN
LA T, BEMDREZT ThRJBEDRL RN,
WEfR T N U w7 A& HE L LI2R T, pH 4~5 T
FEL oDz b b b T BEETUA AR IZ T
TN Z &Engmolz, TUL, BEA 4006
BoNDITRALX—T T Na—RL D bini=w,
HIEDO =D DOHE L L UL TICHENOE
WA T 27-0IEDbILTWD O TR WD)
EZEZ BN, T =y LA T, MR
%, DAPL, WEN Y A @wmnER>TRONTEZ
D, MANCIEREICT LI =0 AWNFEET D
ZEMGhoTe, TOZEND, BEERICEET D
TN =T NEES VR B H B D D BUARIC
KL TEEZRKIFL, NHBIZRALLET VI =T 4
A F ATHRICK L CHEE 2, iz k s =
ANAF—m ZZLOHEHEEZIF L TNWDHEERD
No, %%, BUEOREE IR E I L
T, OBEFEKOIFIEDOMERE, QmRmitE, 7=
U LEDOHEOMHERE, @A DEREAE THEL O
i E1T O TETH D,
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Nanoparticle impacts on rice field ecosystem : microcosm assessment
of manufactured titanium and silver-nanoparticle toxicity on

zooplankton community

* Go Soon-Mi, Chang Kwang-Hyeon, Yeo Min-Kyeong (Kyung Hee Univ.)

1. Introduction

Recently, various types of nanomaterial are used, and
consequently, high amount of used nanomaterials are
introduced into the environments. It is likely that introduced
nanomaterials affect not only humans but also the ecosystems
through direct and indirect ways. Especially, there are
increasing concerns for their potential environmental risks in
aquatic ecosystems.

Zooplankton community plays an important role as the
intermediate trophic level in biological cycle, at the same
time, zooplankton community is sensitive to environmental
stresses. In particular, the sensitivity to environmental stresses
is different for each species of zooplankton which plays
different role in aquatic food web. Therefore, it is necessary to
analyze how the whole zooplankton community responds to
nanomaterials. In the present study, we analyzed the response
of zooplankton community to manufactured titanium and

silver-nanoparticles especially focusing on paddy field.

2. Material and Methods

As a model paddy field ecosystem, we made small-scale
microcosm containing paddy field sediments and plant
species as well as typical paddy field zooplankton community
created by resting eggs included in the sediment. Microcosm
was set up based on the method designed by Yeo and Nam
(2013). The microcosms were installed in Greenhouse to
create more stable environment (Fig. 1).

The used nanoparticles were the silver-nano citrate, silver-
nano PVP, AgNO;, and nano TiO, generally utilized in
agriculture and used in products including toothpastes and
cosmetics. The exposure conditions for the nanomaterials
consisted of 1-session total amount exposure (60ppb) and 3-
session distributed exposure (20ppb x 3).

We analyzed the population densities and the species
composition of zooplankton in each microcosms (before
exposure, and 7 and 14 days after exposure). The changes of
the population densities of dominant species were estimated
by ANOVA test using software R (ver. 3.0.2) and the species
composition affected by nanomaterials was analyzed using

PRC (Principal Response Curves) developed to evaluate the

communities changes in microcosm.

3. Results & Discussion

Dominant zooplankton species were rotifers, and epiphytic
rotifers, Monostyla sp. and Euchlanis dilatata emerged as
dominant species. Especially a larger species, FEuchlanis
dilatata, showed a high population density in the control
group, but in the groups treated with nanomaterials, its
population was seriously decreased. The species composition
of the zooplankton community changed in accordance with
the nanomaterials exposure, and showed apparent trend
indicating the nanomaterials impacts. For the comparison
according to the exposure method of nanomaterials, the
change of species composition was more apparent in 3-
session distributed exposure.

From the present experiment, it has been suggested that
epiphytic rotifer, Euchlanis dilatata population receives more
apparent effects by nanomaterials than other planktonic
rotifers.

Fig.1 Design of microcosm in greenhouse
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1. [ZLC®IC
UEt— MUy IR E ERRICEN T x
LR G, TAABROTDOFIEN 1970 4R
MOBFE ST E Tz, FEIZ 1999 4F 12 AN GEH &
AUTU % Terra/MODIS #752 (8BLINE 2330 km, 43 iF
AE 250 m~1 km) (X, BEVRHEDS 1 H LEWZD,
EHEEDOE=ZY 7ICHE L TW5, LA L MODIS
%7~ 53K E 5 BEFETE & L T Floating Algal Index
(FAD 2% 203, 74 = EHIK - MY O X
DIDINTRNT2D, —FHE~DOHE AR RETH - 7=,
Z X L, Oyama et al. (2015)(3HE DK 53 & & D
FEIEC & % Normalized Difference Water Index (NDWI)
ERIRT 52 LT, TA I LK - RERY 08
TOHLFREEZRE LI, AR TIEZ O LWFiEL
AW, TE=X VI TF—ERRELTWET VT D
AT« IR Z K512, 2000 4FLABE AR 0D 7 A 2 5%
AR EE L, FRH - RAEZEA ORI & 32 T2,

2. MMETE
2.1 Xl

A AR E ST DWE & LT, TYT R
KOWITH 5 Tonle Sap il ([fifE 2500~17500 km?,
B K7KIE 12 m) &, Nong Han i )% OY Ubolratana,
Lam Pao, Nam Ngum, Sirinthorn #-f77kith (& 130
~410 km®, FRKGE3I~26m) ZxRE Lz,

2.2 WBEEBROBEHK

MODIS f 2 Eifg (MOD02 7'm %7 1) % NASA
@ Web %4 K (https://ladsweb.nascom.nasa.gov/) 7>
SEEL, 68 2— K (Vermote et al., 1997) Z AT
Rayleigh #ELOFEEZMHIE LTz, FHIZLOMRITIC
132001 £ & 2011 O H OEitg %z, FREELOME
HriZid 2000 4E~2014 0> 4 H OB AL LT,

Landsat 2 B {50 IE O 7 A = & flok - A
W% oy Bl 9 % 3% (Oyama et al., 2015) 2 MODIS
WEBGAICKR L, ZOFEEGHIERICET L
7oo FMEZLUTICEE Y, £9° FAI ORIE 0.035 12K
v, WkEZENUNESBELTZ, KIZ, NDWI 230
Ubovrstvnrzrd=a &Rl Lz, FAL KO}

NDWI O yTZ N Eih
FAI = Rair — (Reea + (Rswir — Rred) (ANIR — Ared) / (Aswir
— Jred)) (1)
NDWI = (Rgreen — Rswir) / (Rgreen T Rswir) (X2)

THD, ZZT Rur, Retr Rswirs Rgreen 15 MODIS
Ut —oEnENIR, AR, FRERS, kRN
ROKFFETHY, Ik, Aeds Aswr 1EZZILENDE
=N ROFEEEDETH 5,

3. BRLEE

Tonle Sap % x5 & U-ZEHE(LMNT ORE R,
2001 FIZIET A IIFIFEA DR Do 208, 2011
T 4 A~7 BT A admR sz, ZOR
WXL R~REYIDICH =0, TR D ORI
AIC X DHHIRE S T2, 2000 4E~2014 4EITH
JC, 4 HICT A a5 851X 1~29%D
FPHIZ & o 72,2001 4E & 2011 FE DI &K 112R-T,
FEAEDEE, TATHOALAIHEL L T,
7272 L, Tonle Sap D X 5 70 D T iy A
WCBWCATEZEA L2z, 5%
OT F At FiE (B % 1X Matthews et al. (2012)D
MERIS E[f§ % - 51E%) 233 L, RiERE K
FETAMENH A D, —F, Tonle Sap LIS DI
B« AKFEHIZ OV CTITBERITF Th 5,

X 1. MODIS [E{% > &R 7= Tonle Sap DT 4 =1
53 (F7£:2001 44 H 9 H, £57:2011 424 A 14 H)
SEXH

Matthews et al. (2012) Remote Sens. Environ. 124:637-652.
Oyama et al. (2015) Remote Sens. Environ. 157:35-47.
Vermote et al. (1997) IEEE Trans. Geo. Remote Sens.
35:675-686.
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1. [ZCHIC
HARDOWIEIZ 31T 5 ATGEREEH B OFEREL, K
RELTIRVIRILICH 5 (P RBREEF RS KRG
2, 2013), BHECELT DHRIET DR T, WE
OB S R RS TR AT S 2012
kD NN E DIE~OBLZRFFT 20BN H D,
AWFZEIE, I E RS EFOHIE O KGR & AKERET~
OBILZFTE L, SRR KRR OUE, ”Ee
FEEEERTHEEANET S,

2. MEERE

AL Web 12K D7 7 — FE2HWT, 2014 4
11 AiTAT 572, WFFERGIEIE, &M (KIRIR),
AR IR, EEW (WEIR) O 3ETH 2,
RIGE, WO DI T 20 fi~60 1D B4 40 44,
3WIEGET 12004 & L, LT OERMHFICHTIEE DA
ZERTRA CBAL, RIFIZ, 1) 2012 ~2014 4
DN 3 BT o7z, 2)IHVE OREMEEIZE L%
Ffo, 3YKERERICET A —T— K OKEGE - &
FERE10H) 23O EHm-TW5S, Thod,
FEM 25 %, BMIC XY, MW ogirx], 1§
BaETREA~OBL ), HE~O I - S8 E Ak
LT, B, BT T RBREE~DBL) &
BB BE A~ DL (2o, AT~ TR
Bl Ul O @ iuERIZE R b 2L kb LB %,
INHoEEHOMEZ BLE] LERL TERL
L7z TOXOICLT, ELOEEEWMWERA LEZHD
T 3 HE O LLBSENT 21TV, HVE~O B0 o Hidsk
FIREIE R & ZAUC B A 5.2 DR & i Lz,
3. BREBR

BILEZER L, BLEOHHATE LD EE
X 1 ZRd, BILEOFEE, Eoiflb 22 5223 T
bofe, WNAT B, AKFIHORH, W~D=—
R, WIEBREORR TN 23T, &bZh
S TR %2R VISR W~ OB O ¥,
B TIIA) 888 H, FELIAKY 508 H, EEEETHIAI 635

HThoto, £z, HERRBE L & —KEREE~D
B0 & IEBREE~DBHL D], Z D2 D L IKERET
OFIFROM, WHRBRBE~OBO & W ~7 < SHE
DO (X2) THEENRZLIT,

KW DA, 3 DD TIXEIZENE AT
MENALNT, 25 OMBMZEDRAERIC
1, BWHEOKRFI &KBREE D@ DVRIR S Tz,
Fio, AEENALNZHAMIEERH S &
B, Inbb, Bz, —BERE~DH
LOEAE & BITHIBA~DORE~DOBLIENT S
AIREMERS, THIVE OGRS & IE R B~ DB D FE
AR R S T,

30%
25%
20%
15%
10%

5%

0%

1-10 11-15 16-20 21-25 26-30 31-
EEH
OfF7# Bl mESH

X 1 [\EZ% BI.0E) #EpHRlEZ ANEE &
F 1 WA B, KRIAOFERE, M~ =—X,
TRBRE DR THITE 0 - 72 m%

wiEsso

W WA ER  KRUBORM  #l~o=—x T

Bow BUOBE  AEAR ABOmLUAE LA

WS mOoRE  BE-w-  kLomg SPRTECAT

gl RerRs  LEkE  AmomLpm  CCpTo AT

By m wE
35 30 30
30 25 25

ﬁ 25 20 20

& 20 15 15

qo 15 y=- y=-

® o] 109" 0.0018x + 101" 0.0012x +

y=-0.0011x 23817 246
54 124928 > 71 R 0.6861 > 1 ReZ03015
o | R=0.1427 0 - 0 -
0 2000 4000 0 2000 4000 0 2000 4000
hREsEE (B)
X 2 [EIZE BEOE) SIEOFMSEE OMES

ZESCHR HRERBT RS K BRI 2 (5 34 [8]) SR 2 F (2013)
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P-53*

1. FL&HIC

A O KB R S QR IR IR 12 L D W E A BR D i ]

. RO R RS MRHIEREE T & O BRI &
ZIT, RN OEVITONTI o7z, Ll &
FR T COWE R ER XK & i se 29 % £ T

FEWICEETHDL LEF R D,

et Gl T 5 A > 7 7 AV TIE. W oRE/ N E
KT & OEAfR, HIERRB L O & U CHRIEILER &
T3, (Romanovsky, 201372 ) LorL, ZHbHD
RE A R 212U, KPR e itst & LT, oK
WG, BRSO © W B IR SRS & BRAR L 72 10 Ui 7
BV, T, AR TIXA 7 7 Vil % SR IC I
LI D BRI SN T ELE AT T2,

2. MRAE - HEHE

R[IE. kIR, EC, pH BRI L, Fblforzv
TAmb, TOCOWE, A A ra~ NI T 7 4 —%&ff
MU FEEFR G OO 24TV, BLE LTz, AR
I 42 HRCT, DN 31 M, 913 9 Mt Hi R KR
I T 2 R CENENAT o2, BIIFAA T 2012 4F~
2014 FEZFITT T3 [T T 5,

A7 7L, £ & 182km. 1F 60km. [fifE 6,236
km?®, JEPH 688km, HATRE 668m, 1 1,606m DM
W<d 5, KEIZ Na-Cl-SO4Mg & /R4, HolgiHs <
BB, b~TF - TATAGELFICHENL TWA T
D, KEOBERHIETH 5,

3. HR-ER

NI X Ca-HCO BT, 20 ¢4 il & i
T, MEENELS . BEWEOA 4V RENMRY, —
D7 W & WVEClEA A RER S < TRIERERE O
2 X D HVE DR DFEFNZRD B IT-, SO, DELF -
WL T Na™ & CrE D g LT eid, 127 71
WMTIX., 20204 F L0 TFTHESTEY ., MoK
EMEDRBEN T - & D RN TV, FIIZKOEIL,
BE K &K DOBOK KB KER D Z D DN, A7 7
/K T NDSLFENT OFEFR D, A > 7 7 MK
OFAFNNTMEKIZ L DEBRRETNEEX NS,

HRT7 T « AV VIRV EDRKEIZE 1T HKREE

*TREEE (GREOK - Be), /DSFis . (GREOK - #iE)
RIASIER] (GEEOK - HBR), L (FFEKX - Fi)

HRE M OEA DO KGR E T D& 127 71
HOKEF KL Na-Cl-SO. (Mg T v | LLEIIESF L
TWHHEHD/NT AR R, AL, H7KIE )<
TKZBEU T, REPEKBENHZ G TWD T
DTHDHEEZOLND, T, WEHTIZKSCE RO
BENRLL B b, SO2-ORFENZ VD RO —>T
bHoHEEZLND, Ca2+E HCOs-IZB L Tix, CaCOs
L CaSO+ & LTHTIHH L TWA Z ENmREIn, 2 b
DEFRER AT TH D &, BfafukiECThH o723, K
RARKFTHLZEE2BETUUL, XL THLEBEZHN
LD, KU —JEOMIENLETH 5,

H1 4297 IVHRUEKEBDOMER

O sk
O ik @

Yoz
— L

B2 42997 ViRURKEBEOKEZMS T

4. BHYIC

A 7 7 VAT RE TR K S~ PR A LT 5
RN DD, A%IT. ZOFBERI)IDKDBZAFE T HET
DOFFEICONWTHFREL L D EE X T D,
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AEINEDFNIDKE & REREICET 28R

P-54*

* it BSCE, A, B A A GRBOKR - %)
kS (GRBOK - o), /il (GRECK - #hE)

1. FLHIC

27Kk 35k D K LR BR X HUEE S0 8 D BB & D BEfR
ERFOZENTREIN., SHICHEOGEITZEOH
B2 DR O EEZ T 5 Z L bRV
EZ2 LD RIEIEN 1989), £ 2T, AFETIHE
R D EF S E R E L, TRENDEDK
B ORMEZ el L72a0s BKERBIOBUR 280 & 2MZ
L CREEZ RS,

2. xRiig
HEFEITIUN O FPEsmI A& L, LB 5
PEANZ 80km (27 > THERL S AL RN FHEHR 7 5 A
KA 420, 87 ki CTd 5, (T I VEUFE LA
RIEESNLROBARRBAE AT 2, #HEIZOW
TIEFEICHSERE & M 5856 =k b o e
FE LT, Jes MO IE BB S 72 & ORERR S
N, —HERAEHOHEL Lo b,

3. BARAZE

FAE, MEEE, T, HRE, BB, A
BE, BiTEEREIZ LT 2014 4E 5 H, 2014 4E 8
H. 201543 Ao 3 [RIOBLHIK B A2 17 - 72, Bl
HCIXAE. KR, EXIAEEEC), pH, RpH %
S L7, ZRUCinx CRb IR -kl L v &F
KIRF(TOC)DE LA A ra~ NI TT7 4 —%
i U CEBEAFR D DO 21T > 72,

i
AR

4.0 K

3.0 i -

2.0 ZOMhDRMA
10 feso)h)

0.5

Zothpms
TV

T0C & L3 F A (BI1E)

1

4. HBR-BR

WT LD BB W T HIEFR)IR L < it &L &
BT o, KEMARITEEIZ Na-Cl OFI& 23K
XL, F—HAY T TATITAMC T ey hERT
BY, BB E VD BB D A CTHECREKIZ X 2 Ja%
WOEBER ZITTVWDE LD EbND, kX
RAEHE A S OW)IITIE Ca-HCO: M ZR L=, F
7o VRO T HUF T RSB R R 2 WEIS A
® 5 TiE EC OfEA 8300 1 S/em %z . F 4L LA
Hho> - 1R Otk o g K 0 A 100 w Slem LA
EEWEWSEERRE LN, Z D O T
TOC D&% % DOt o> Mol O fcisk & v el
<. ANBWREBEEZZTTND I ENRBENT,
5. BhYIC
LSRITBUEOT — & %&b L2, /INRIBHEN TOH
BHRATV, KM KE & B IR & v o
T IR B O BAMRIEZ LT & & B HESIEIC
BT 2 KEBEREOREN e E 2 BT,

&3

FHREHEVR, BPRIZE T(1989) : 2 & I | KB HELAK

L YEHR ORI oW T, HUE A A ), 40(11),
625-633.

—/ AR

B Ewmn P W FrFul  BREFHR
WAV AN

WF g e

REHE

ke EC ,
A # Adk s BLP B
o BBE Ve Wl EELEE
a O sl 250 AEHE - HREA - PR
w@m; [ Feokits (— 200 LHE .
. sucton | O ik 150 LEZHBRNSSURE
D
s - > = =
B2 $aT74784YI5L@ELR)
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P-55* B LLIHSA OO IK B — R B 5 % R S —

* AR (GRBOK - 52), /i (GRECOK - #hBl), 79k

1. FL&HIC
HARIZITHZE < OMEPFEEL T D0, ZDH
(ZIFAE T 2,500m LA E DO ZRARBRI 28k 2 7 5577 (A7
75, WhdmIE»b 5, Z o iEIx
HIERBR AL O FBEE LV 27T vwe &, JIIE
(1993)DFHA TIX, el (LTAfTUT O & ILE Clg
PERROEE L 0% pH DR TFRME SN TS,
BB E BT 2 AR E LT 58 TH
LHllblo, BERMETZ 4 —VFTHEHY, =6
IR Z X U oo & LI HERERBE O L 2R 2 5
BT, @UMBOMREITH) Z L ITEETH D,
Z 2T EBRF T, BD T 2013 A B E L
VB DKEREE DM FRIZIR Y M AR TN D, 22T
1% 2013 4B L OV 2014 4E D B 2= (2 i L 7= 1Lz
DORMEDORERZH|ET D,

2. BMHEARE

BRI 2013 428 H 15+ 16 H & 201448 A 15
AR XUN30 B, FEELEIZ 201448 A 13 H, AL
132014 428 A 14 B, AKREE» 132014 4 8 A 24
HICENZ A 2 Feht, B CIrLiles 2 v C@l
WAEITV, FHATEH X AT, WT, EC, pH, RpH C
bbb, o, WAKLTH T NEZRLIRY ., FEE
WICTCTOC DM AA v rsa~ N5 7 4 —%
W2 FEIRIFR S DT B T > T b, Elo—HHo
HECARIBDOINE 7 1 7 7 A V=G,

3. &R
AIRIZEEARRIIC 10°CHITEE T, KURD B VK
BHLEF LTS, LML, BEPEGTD D WOILHE
FRNIEAVIATIE TIX 4CRIZ D/KIETH - 72,
pH OAEIZ T D& (LHE © 5.0 Al ik DO ERE O
72N, KRB - FE OB Tl 6.0 282 LAY E,
F 7o, HENL AL OME L e Ealo— b,
T MTCRRICEME L Ze o TN,

EC I, 1ZE A LD ILAE T 10w S/em £V &/h
SUVMETH o 7208 5 L O RFRI O E T 20 1 S/em
PLEEERETFREL oo T,

= (EBOK - Bi)

4. EXR

Tl OWE O pH IZ, 11 (1993 , 1994) 0D FhA Kf
VS HITIRWER E 720 | B OB L EA T
WD EMBHALMNE o7, Fiz, Lo O
— /M, — MCHRERA AL DIRENE N LD,
B LTEOFE AL TOWIE O pH, EC OFEE, KUA
ADBIZE D bDEEZ NS,

2 EXM®
JIEERL (1993) @ eEmMIAREO K EIZX 3 2%
RN D S22 SR B8 L SRR SCEE, 30, 73-80.
JNEFHL (1994) « lEAEREC I 1T 2 IO s
& BB PR EE PR SCEE, 31, 81-89.

wnmn < pfon,

4)*%%&57

Q& id “] KB (m)
O o / il
it <D (o) Q) O 75~100%#
° =
>y g gdo =
u@ {)-o W (am?/10°)
Lt
. 1o GE
prg O FH
.EZSOO @)
L3 ° 8
© o0 . ()
<o
o <o
O
%ﬁ &
(o)
2000 @ ¢
35 36 37
dt#EE)
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BEH# LR
O74)Ladn®

P-56

ANNZE T SBFARY - RBEEOFEL /O

s AR (R IIEERLR - BE%E) - NI T (e IRSLK - BREEARD) - ARG EER (St
ISR - BRELARD - TEAMF GUTK - B%) - RIS e IREEWIRE
BreEtgit 2 —) - BOFEE (BREEHEKX - BRET) - 2Igr (81ILEERER -

BA) - FER (JREDRSIK - BREEAH)

1. [ZL&®HIZ

WA NYE I E b LRI X 2 AmEL Dk
BOTZO, LT CKERAESLYEABIS 217> T
7o, BURNC X 0 WP N O KB IXSGE Sz hs,
1990 FERBEENORBEARICLD 2V OAKED,
WEREORD L Vo TRENRAET H L Ik oT,
WA NWE DI FEAERE R DA T, BEIRSCANEDN B D
AMIZE2WERRE L OBD Y BNHEINTWD,
FRICRR ML R 23 2 < BABRME O @ Ok <L AT
JUERIC B ILoHB Tl » T3S ASTFEAE LRI &
DAFPREWVIKTH 5, S HITHEROEYE
PEIZIE, kA R & 3 2 R B A ) O K
% 5 DIEHEME S LT Y FARIJE
WO NFHEECERE DU X - TR O A RER
DEAT DABEMER S 5,

AHFFETIX, FERAW)ITH B ELRI - )l -
AN & REPEEEZ d5 1T 2 R - IS F AR O)
RBAHGNIL, REHEEE 7 un 7 1L a EOF

G, REEICR T 2R EEAN R L IR FEARR
~DEE T2 Z L AR ET D,

2. M EAE

A - BOKIZ 2014429 A - 12 A, 20154E5 AZ
BRI - I i) oo & i - T T, #REEIC
BWTIEHE B S TITo e B L2V o 7 VidsE
BREIZHEDLIRY ., ZOHD I BIZAE LA E Th
P CIRAE LT,

KB OB RBEIRE, AREERIRE, A%
BV R REEWRER e & —I
C. BrantLubbe #L:#LA4— k7 F A #(QuAAtro) T
WE LT, WAAARRRFEIRE (DOC) 1T ERT
O EAEIRKFER (TOC-5000A) T, Chla I
B EERT R SR 46 rT 0 00 EE R H(UVmini-1240) T
ST IEA T N VTR R ERT R o> H ey e
J£5t (Aqualog) THIE L7=,

3. R
2014 29 A, 12 ADY U7V ERIE LRGSR,
NH,-N £ 130.008—0.192 mg/L, NO,-N 2 £ 3 0.003—

- e (REIRSLK - BREEAM)

{5

Pl

-

% A =
1 : BEEME & VAT 350 B REHR U, #
NZNOREHREM AT, WK%Y, Hiks €T
e

0.051 mg/L, NO;-N J#£ % 0.005-0.257 mg/L, PO,-P
REEIX 0.005-0.278mg/L., SiO,-Si =X 0.02-7.14
mg/L DEZ R Lo, AMIKERIRE, AERIKD ViR
BB LTOTEFR TH D, 201449 HE 12 HD
117K D DOC #EE1% 0.8—2.6 mgC/L, #EKIX 1.1-2.7
mgC/L D% 7% L7z, Chla J&E I Z)I[/KT 1.7-13.9
ng/L, /KT 1.4-11.3 pg/lL DIEZE R Lz, —RITH
HART FEDRER, ERERME v — 2 (i
W Ex./ #¢WE Em. :288-318/393—439nm) &
H R Bk — 7 (Ex./Em.:270-282 /331347 nm)
BF BT,

4. EE

2014 29 A & 12 H OB &g I omEIsEs
W, BRI L Chla 12 L OMICHENE
biviz, BRI CIIRBEREOHA & L HIT
Chla JREEDSHEAN L AN ) I CIX OB TH - 7=,
FRIZHRIRINTH O POL-P IREE, NO;-N IR & OIZiR
WHIBER S B, TS OREHIHLE —RAEEL O
FRVBARRMERS R ST, AREREEFR, AR Y v
OEEEICBE L TH, —HpAE & OBIRIEN R AT HE
MRH s, BRETHEH., INHOT—X EHAEDYE
e BENZOWCEEIZRER T D,

ik A
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Pt - fAEH - AEHOKERAZELIER &

P-57*

2, 950

KEIZEIEZTREDEE

* RGOSR, BRIE (KB - EmERED)
HiEZ, BATR (LAY EREIHFIERT)

1. FL&HIC

2013 4F 6 HIZE LIS AR SO B PE I Bk S 4,
FOVHRNOCEEHSINDARY helote, 2D
D KEWR - EEIRCBOCEIR R & OBLEN S Z
OIEEOBEBNERB LTV 5, E7-., FEDHERE
LI X 0 E LI OKEIC S RERHTND Z
EPREI TN D,

22T, Q=15 (P - KSR - A R
KEMEN, @ =OKEEIIZKIFTREDOHEEL
Z OO ZWEOEN, O 2 DIZFH L TH%EE
1Totz. A, IO bh T - K - AW
CERZRL >0k, BT I b 6T,
KR, MRS CEVWAD W KEDOENRKE W
B, REFMFEOEBOMAFTITHLE DRSS D Z ENT
HEND720ThHD,

2. A&

40 4F (1973~2012 %) DA —[RIOREKET —
ARG QMBI OSSR T — & (KR, Bk
&) ZHWT, LLFOREIT 21T o7,

[ EFEOT — DA KE - [RGHEE Z LY
fE% ke, BRELBmE Rz, Z2eBims s
DIV =hy T MEHT . SFREE O ZDORE 2 VT
3OO GIRIFEL, FERIEAL, Z9R8) ([ LT,

T, KKYE C KSGHE Z L OMBRBERE R,
RIKEHEE ~ORI 2 KRG OB A M 5 72

DIz, RO TRO ML E L XO LK@ TR
TeENENFEDNE EFEEKEN S, KERERO
AR D O, KIS KEICEEST D ETH T,
W E A = 2R O SF-EIE + - PEME — 2R O - Efif)
+ (& A OB — RO EEIE) + A B IO
R=1 %=1 a; *Tron a; = 0.5 v 0)
RATHIE HtOFERHE, rIXHE Hto H &, a;1%
WUDARE, TR, i 1 B2 £9, 72$5a;<0.01
13T B 5 7 n1=2,4,7,13,20,27,33,40 & L 7=,

n HATE CORFEIR=CEH 1 HATH KR O
VAR E D7)+ - - +QEH n BATH R KIR
DIWHAE & DFE) EVE)

n=1,2,3,4,5,10,15,20,25,30 & L 7=,
3. BR. BER

BT OSSR, FITHIBRIN IR & KR, FERA
RINFEWEE . EC, pH., DO, COD, TN, ZZ3HU
TP. SS. chl-a, FE/KE, XKLL 7eo7=,

i Z A KR OREL b B D L REA
W EFMEMIC D - 72y FRITEAER & 220 | fi#AT
FIEICEMNE U, =2 THFH OKIEEREZE A
ODEAFD 1S BOfEE 725 L9 IZET L EHNT
MELZ, ZHICXD . FBOKIRT 40 4FH THIE
ANZIE 0.4~ 1.0CRUMEMIC & S 72D A3, FIERIT
1% 0.6~1.3C_EHfHA & 7o o7, FFKDOKIRIT 40
FEMTHIERNIE 4.0~4.7C EFMEAICH 5 7= D08,
MIEICIE 1.3~2.0C BRI & 22 o 72,

AT 14~20m FEEDOBHE AL AT 5 TH
Do LML 1990 FAGEIIEEAY 10~12m FREEIZ T
ST, B x ) PR, TN EEN LS L-, A4
IZITFIE D D OARIENRZ L N2 Enb, 20
ERIRE T OERERY DA OB TR0
MEHER ST, 2 CREAFOEZBICYTRIE D
AR Z R Ch D & RIREHNIREN S < o> T
W, LLED Z &S AR OB E I KA 0%
LM OFEEZ T TN D Z PRI SN,

BRI KEHA ~OROE L il ZAE
(B & BCICRBR A LN, WL bROE
BECEWEN TR HMERL 20 AW TIZ40 A
FREERTIZRE > T RO BN IR > TV HfER Lo
7oo BHEZ T TRIA & U CEERERRE Y O FiE A D
B2, £l2, ZWE SROFETEC 8 T
HfERE 2o, ZAUXRO EC DX H 23 =D EC
LI EMENZ LI L > TR AFRIBES LB
Z b,

B 72 KT B ~ORIR O BT KRS
o, ZHTEONBAET, FEIHT20 B, iR
TS5 H., AT 30 HATH D OKIEOZEN KR
B L TWD EWOfERE o7, Z oI

PO ITRIE 72 & DSCENE 2 BTz,
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P-58

ANNZE T 574 77 (Zacco platypus) D

TERIE ARG

* AR GRARTAFR - 5), BETE GEAREAEN - 1)
WEHEIES (AR - 2)

1. [FLHIZ

AR, ARBRREET B L LIADERST W
S Y FEESLERMTIESENFE R SND XL I
720, FIEDARE L)1 O BIR 2 1 2 T2 6D DIFFEDS
EOLNTND., AEHEDKHRL LizA AT
(Zacco platypus)lE H AR DZ < OFJINZ AR T 5 HfE
T, EEARAREPEINARE, WFUKAES), AKELRHE L D
BIfRZ2 &, BRx A STV 5.

— AT REIIRE, 1R, PEIR, W L DR
RATENVE RS, T OATENC K o TERELRAME
WETDHEBZONTWD, FA BT EZHNZE
WEBRIZIE W T HIRE & B TR D BREEERAE
ZHOLWEINZ, LML L, ZBITE)c
B LB oiINC i 1T D EILZ L.

Z ZTARBIETIE, £E=2 Y v 7 FEEZ AV TR
BEBETENAE L DA A WU ARG E L, FEINC
BWTITENC L D BREEFIH OE W &) INS i &
HoNZTHZEHHE LT,

2. B EAE

AWFFEIL, FEEEWEANRIITod 2 A B3R,
Ve BN OB S0m Z A X & Lz, FiAEiE 2013
10 A 29,30 HD 10~16 FElZfT- 7.

FE X O TR S Eficie TEAKBHE, b
L<IFK E2 oo B TGO E - @ - 17
By - WEKE SN O E ZFisk LTz, RIS B
BE A3, BN L - CTEHAIL7-.

A XM O T2 5 BRI Sm Z &1, BT
~EREDD Im, DA 2m BIE CA R £ CRIES 27%
7K (em), 28 FEE (cm/sec) & HIE L 7=, fENTICH
W DB T OfEIE Quantum GIS ver.1.7.1 (22X 0,
HEE 2 FAZ 7 — & Afifi] LSl & fihi L 7=

ENTIZIIET VY v DA ZF]RE, 74 v v —
DEBERESIRE, AF 2—F > bOtREE AWV

TEARE D AR Z AT 2 7o o, FiA Ik A KER
R & AR BRI > Tl T El L7214, 10
M7 OfEEEE L TEARMICHBEL, FT0

LESERH R LT,
3. #R

A ARGy [ CHEVK BRI 23 B 70 2 il T ik
R, HEREDME LR -(KE:P<0.05,EH:P<0.05).
F721~30,31~50, SImm~D3FEIT — X A2 F L 0
[FERICAEAT L7252, AEREN G LK
B:P<0.01, EEF:P<0.01)7=, IO TR
% 1~30mmQ ), 31~50mm(F ), 51mm~(Ck7Y)
DIFFTXF LIS Z & & LT

FTENFE Gk @R 23 B 70 2 I~ TR R,
EDOV A XXFIZBWTHITEIM THA LTV
WEVK 8 OB A T A2 22035 B 72 (P<0.05). 7
b, EOY A XTEBWTHITENZ L > TEIZH]
M3 pilEvkEN R D Z EnbhoT-.

WINNO AR A TR D 12D F O 1 455%
FE LR, 2 ToV A XRZITB W TER S
ZoR LONEL=7.17, Hi1=6.71, KA:1=10.3), f&
O OBETIZEF ML TND Z ERbroT.

4. EE

A RIOFERD B, IREEA & BEEE K CIERI A
LEREIZE N RS D Z L, FENLITYA X
FoTHERDLZE, RHEVICEFSATLIEN
RENTE.

BEFAIFZEIC VT, IRBRRIZERKR 7D 7 = A
R b RENWERESIN TS, FAEMOL R
(CITFRARE 2NV T, SRR AR S — 1
ELT. ZhDlEmEltte LCTRRATH D e bIE,
ERAMHTIIRESG L b 2 EmE 26, RTFD I
BRIV ETVICET ML TWEZ ENB R
wIhs, £7o, BETEICREALT, A HVIT
P A KIRAFI L D PSR DAFAEDI TR S F TV
. —AIC R BTN 2 G E S
TWDA, AWFZE TN - pAMER TR - K &
HHHFHLTEY, I REWEKRTH DA
EARIZ & 2/ NREIE~DREITFE O b oo Tz,
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P-59*

BRKEEBRTEEST HHME :

LD12 REDEEHMIZE T 5 FHEE

* AR Ry « AEREHE) . 8 — (R - ZERERT)

1. [FL&HIC

B IX AR D5 & R L2 8 L. KA RE
FROWEER 2 BEh L5, MIEIZ SRR R RE
THEEAMERR L, R D SISO TE DA
EWRHDZEDRBINTE T, 5 FEWTFOFR
LI, MIEOARER TOMBEZH SN T S0
(2, I OREEEFA R S IFSE ST & 7o, BFE ORGSR,
A OBEMRN ZEETH D 2 L BEIC X 0 BEE
FARRAN 2 D 2 L 3y o TE 8, BEEM D
M DAERERICIK T DA HEET 5 £ TITITR
EESTWRY, ZORRKO—DIE, FHEEEZHENT
D8 2 OHE O AEBRRFEIZBE T A F R R IT T
5 lick B,

WETCIE SAR1L & MEEI DM O RlEN & X
ICHIEEEEED 30% % HD D Z ERH Y, Z OHIEIX
HRTHRLELSTOMEDO -2 TH D, RAKERER
IZIXZ D SAR11 OfilkAHHE(SARIL Mb)IZ /A
Id LD12 LN 2 RN FET D, LD12
EHCKRDBEREN D BEREMIC DT D% < OO
BAHEBARKTHRALINTEY, ZOFEEITMER
E£D 20%00 40%EHDLZ L HDH, T,
LD12 (IHEOEE 20 T <, HOBEKERLH A
WMCTUHHFHERNEL DI ENHY, RKERRT
LESETOIMEORFERHEDO —D LB 2N TS,
AA ADIH TEREEE) % 1B > I2WF50 TIHKIR & 77
EEIZIEOMHBEAHE SN TE Y, LD12 IZHAD
£ O RIRHI CE ST 5 ATRE S R STV D,

Z 2T, AR TIHIRGEHOEKEERTO
LD12 D434 & AR E A HEE T 57201 0 b
IZT CoRE & MNOE ) bEKEZLT
VN, LD12 OfF(ER & BREEER 2 JIE L7z,

2. MHEEAE

HAKERROEE TOLDI2 DA A TR D720
WZEPUN) N 2> BEEETIC 20 T W1, W E . LN
WOIKIEED 5 m, 30 m & 72 D2 HUSDORENHEAK L

7o EIZWINOEE SO LDI12 OS54 {57
DO EEEETH D /KIEDS 30m OIS T, K 2m, 15m,
25mDEN B HEK LTz, AT 2014 4F 5 A2
5 2015 4F 6 AT THIC T 7=, LDI2 OfF
fERZERILT DI,

fluorescence

Catalyzed reporter

deposition in  situ  hybridization
(CARD-FISH) %177z, BREZERIIKIR, pH IZ
AT, eIEIC XV IRFRESR (DIN). BIFE
Uy (DTP) % . BRBERRALIEIC KV IR(EREA MR R

(DOC) ZJE Lz,

3. &R

FEEW DO LD12 2 Yeta§ % 7212 CARD-FISH ®
FMERRE A2 AT o T2, 63k D F 1k (Salcher et al. 2011)
% /b LkZE L, Achromopeptidase ZLEE % 20 451258
i L. 7' 7 —7 % LD12-115(Neuenschwander et al.
2015) ~EF L, FSALT I NEEL 50%., 37 JE
TAATVHARTHZENRBEDOFMETHD Z
LWy ole, TOFEZHND L 201546 HD
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