0O-B20

OFRE (RS, B2 mAR GRFEKR),

1. FLCHIC

2011 423 AIZHAE Lo A AR RERICHE S 18 556
T HREFOERI LY | REO B
KREHFITHEHE STz, ZOREE, R Tz X
DEREENTEY S Nz, C I BN S < BRI
BB 0EE RN ED, ZOBMEICLD A

RBEEAMIT T 2T N ESIND, TDD,

INRDLEE L TLOBLSN S B1Cs OBRBEENRE & B
ONICTAHZEIFTEETHD,

TREEACIC H DR IL, BREMAK, TERK,
BIOEAKEOKEE L CEHEER&EEZ -1 T
W5, B ORI TEYE OFHEE (100 Bg/kg) %
TEIZ DD, HIEE CTHMES L 613 1YCs
DR EN TS, AR D ¥Cs 2B 1A
I, FTEREE R DAEME KB O PCs ZHLY AT
W5, I T, KD VPCs BEAZFE LT,

AR TIL, FIEE CHlA L7818 ¥7Cs, i)
BE 197Cs, F6 L UWR P1Cs IREZ DIEZAL Z1b R D,
BT, 2O BHEE S5 FERD R & 15 Y
REIZ DN TR B,

2. MEEARK

2019 4E 2 A5 2021 4 12 AIZ/mT <, HIBE
KN OREE (HAK) ZEK LT, BAKIZFEREIC
FEBIRY 02 um LD 7 4 LV Z —T Al LTz, AR
D 3Cs 1T AMP V£ Tl LISAFERE 7Cs B & L7z,
BRIEHE 157Cs ABHIIRBE 2 RS i+ 2 2 & T
7=, 37Cs DIRETREIL 7 L~ = 7 KRR SR
BIE UKD RERR I ICHRR Lo, £720 % ¥7Cs

I RIAETFRE 19Cs & IRIERE 17Cs o Fn & LT LTz,

O EAEE b &/ IRIE RO R
DIEEZ | ZOWEEE SR ERM 2 R T,
E'E (SS) DIRE (mg/L) 1L, HF7 A7 b
% — (GF75, RERRIEL 0.3 um) IS S ilkt
DR R L AiRENHHRDT,

3. MRLER
# 197Cs JFE 1T 4.4 mBg/L 75 19 mBg/L DfH] %

74

FNRERICE T AtV LADBRFEL

M BT (AT
FrEIEE (FFER), KFEA (K)

EEL2RN O U, [FERIC, BAERE YCs 13
2.1 mBg/L 75 9.4 mBq/L O[] & 28 L 7228 58
b LTz, —, SRERE YCs O EIEIE 1.9 mBg/L
225 15 mBq/L TH o 72728, BFRFE I FE 5 B
BErAFFRD b oz, THHOEEZ S &
W 2 ROT= L 2 A, #BICs L IATFRE

WICs X FNEN 28.7 FE & 2.5 FETh o 7=, AR
TR B LT o T REEEE 1YCs (T DWW TSRS
B ZRDD ZENTEMhoTz, ULEDORERIT,
FNEEE O KIZAFAET D 1YCs 28 Z OO W EL )
2R & [FIFREE O T LB E 9, BRI
S THEREDBFEL ATREMZ RB LT\ 5, £z, &7
HE 137Cs |38 137Cs D F5N il & o L TRl
DL TNDZ ENG, R B7Cs O 2 I L T
HOIFERE Cs ThoHr B2 bND, DFED,

SERIBIRE 17Cs JREEBIHIIE, TBKD 1Cs 15 Ykt R I 78

V15D,

BRI RE 1TCs R & SSTRSE L DORITITIEDFREIRE
RO Bz, SSITINAE L7z ¥7Cs DIREEIX, 7
HHIM %@ U CIFEE & (210 mBg/g-dry SS) TH
ST=Z Enh, BRIEHE YCs & SS & ORRITHMIC
HARD SS BEHIMNFIK E B 2 b b, SSIET 4L
Z— BIZHSE SN2 K OIEEM D DRSS
W5, SSIRE L 7 v 7 4 )b aREORIZIZIEDH
RIBIR N RO Bl Z & SS BEDOHNMDJF K D
—D L LTHEM T T 7 N BEOBEINNE Z b
e OFEV, WEMT T FUBMIEITE D
R Cs IR ES NS Z LIRS NS, — 5,
W77 o7 bR EY AT WCs ITEFIETH D
72, Z OMEITEAERE Cs O b il 5 Wl
REMEDR B D, 7o & 2 EAFRE WCs ML= L LT
t 2 D BICs [T FRlERS kL TP HERE TS L. B
FENTITARERFIT LIC < VWREEE L CTIIEICIE
9 252X D KRN BERPND EEbID,

4. WE
ARFZ21T ISPS BHFFE JP21K05758, JP20H00435
Ok, BIORERESOMMEZIT-HbDTY
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1. [FLHIC

PASAMEAKIRIZ I\ T L Btk /K IR o HE iR 4t
D3fkRE L 725501, UL L 72 HERE 0~ b OFS I
IofifaEing, ZoxEE LT, SkoBAmNRA
LD EDRH DN, T ORI AT A AR E
L ORI BER THER SN D XETH D (Inoue &
Hagino 2022), & Z TAMIFETIL, # (Fe). ER{L#k
(Fex0s) . FR{b/KIE(LER (FeOOH) % HEFEM)Z 1A
B L7258 ORLKFMHEIZIRICOWT, BNE
BRIZ L0 e LTz,

2. B&E

i Al K FE v H BRI A 3 o RIEELHERE ) =2 7
X, SINERERICALE T 2 MUK (N34° 42,7720
E137° 18.2960", /KIEK 12m) 2BV T, NEE 100
mm, &S 50cm OMERT 7 U S 7% HunT
A7 —NIZX D ERELL T,

PAIIHERE ) R ICHOA L. 0%, Ak E
RARELHEREY) = TIC A, T L THEPA Lz, REE
YT L, TR S 2 TS (Inoue &
Nakamura 2009) 72, RIEELHEREY = 7N OE oK
WX PTFE 7 aR7 LTI LV AE—H—%HNT
R U7, REGLHEREY 27 OB K2, T,
O TR HEREME R L Sem OALEIZ/RD X H I
BT = —7 (ZZLIAATBW:, £OF 22—
TEHEBLT, VI LOEBKREITYZ LT, Y
VTN DIER~DFFEERET T2, BRELLTZAKY T
NO—EIE, T4 AR—=FTNVT g Vv —ZHNT

BAIBMICL SERYO LD
BRiEKRBHIMHE BT 5 EARER

bW (BEZEAT), AKEP AL ((BR) AORUCR)
LT A LTz,

3. R

HRMRE O T 2B 5 & BIRINORE L,
TEOHRHOEM (RE) 2Rl T05D, £z, #l
BROWIFR T, OB O M (BE) »Eo
ZACITMER TE o T, —H . BRAWKER LBk DR
MRETIE, EEar 2T 2 2 PR INT,
BT, B _EIK T Ol K SRR DN A B
ST SRV O 279, S BRIK (1A-1, 1A-
2) TITBAE 7 fiAb AR FR B I (2B C 10.2 mmol
m2d!") DB SR, HoEOBLKIRILEE A
i LI R = 7 (1C-1,1C-2, 1C-3) TlE%
DI Z b T\ e, MigkZHdn LR
PELHERE = 7 (1B-1, 1B-2, 1B-3) TiX, 1XIEHEH
ZMA T (R 97% D) . I n7etah CF
PIE T 0.29 mmol m?d!) NALNTZ,

4. EHYIC

AW THEH L7 3 X CTOEM Chtfb K FE % H
IR SRS STy BRALKERIEERD e b 20 2R
BTHDLZENDNoTo, Fio, MBkIIHEREY Ok
LiRITCEM Z FITERENRS SN D 2 &, Bbk
fefb8kiZm b cEMZE LT 2R N HLH T L
ElZOoNTHHER S LTz,

2 R
Inoue & Nakamura (2009) J. Environ. Eng. 135(11),
1161-1170.
Inoue & Hagino (2022) Wat. Sci. Tech. 85(1): 305-318.
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OE R 1 AR e

1. [FLHIC

20 HHRDFAE D & HERIZ 2T TOWEFTIZ DA
B OMFIEE NENNTE 2 B SBICHE L, &
BN I 3 X WIB B IE B O R B R & B 5
TNz, 4 B TiE, FHOWEIZRBIT 5
RN, TR B IR ARSI IERE RIS TR & 7 o T P
FHADEE Z LTV 5, WEOWEEREIZIX, H X
=)V E TR A r— NV TEAET 2 - b
e AEWER PG5 720, BIBREE O - - i
SB35 72 SIS FIRF R O LR IR v 2
LMK TH D, —HHRMICIE, BESER S
PRSI RO T2 D R % A & AT LG 3 2 A
ZEEEIM L T 5, ENOIEFIFE S . KR
FEBEE L CORMBORMARL L BT, B
RIRT — X2 2 H/MIEH L. 71— L7 Ll s
FIEHTE D CTHNT LD ENLETH D,
Fx T EREFERRICHK S X, Rl—F— A TERNME
OFEMEZ L HET 2B AR T D720, 2021
NS A AR /A3 2 5 T A 1 03 IS 72 1918
OMEFEIA 2 Fhi LT, AFETIE, (1) BKERE
FIHHHE(AHOD) OHEE & & O XL SRR fEHT
(2) THIEHERS M D RePEfRIT E WA FRIC L D )
PR lE 25wl (3) 8L - |ENFEERT — ¥ & Tl
L7k Y >

(P)E i X T RFAT, OfE R Z OISR T D,
2. BMHETE

2021 4 3-4 AL 6 . 8 A, 10 HIZE sy

G (R S N R iR 7 N - B R i N e
IR (AW, AT, ARIRTTS),  SEAE R

WARE (RRIEA, /NEPJITE, RKoTill) CRRI L 723K

(n=200) ZoHr L7z, £/, EBBicmz, R

W, e, B, EEW OUB) TRz HE
HW %O L2 (n=26), BiMiER&E i, /KR, pH %

L. BAfEEESE (DO) 1% Winkler i /EHETERL
77 FEBRETIT, WHkho P BE, METHERE,

2021 fFICEESN-EKB X 14§80
HER L FRILEREAE DB RBE

1. B 1 (1 BERPEEE - Him)

IKIROBERT — 2 % 3 IRAT T4 L BEECCHiE L Cfig

Wrd2a— R, BXOELHEROREET 5
GIS & — 4 ZFf L THIAKRHL Ry O &

(standing stock) ZFHE T2 a— K&, IRI ZHWTER L
72, Standing stock DZEFIE(LA FIZ, P 1T DWW TITIEK
& P EHHEE (HPA) Z. DO 2oV TIiE
AHOD ZH&H L7,

IAHERR AR R 2 SRR U 18 (IP) DU KR
%, 25C,pH7 OFMFTFTEM L, Langmuir XT7 1 v
T AT L, OGS ERRD O 2 ERE (Ko
ERELT P EERREE LT,

3. BREER

T ORGSR, FWVE D4 > (TP) TEEIZENE S ISR
YE 7054 % 2~ L, epilimnion PN CE— 7 B 4L AH
MARO BT, E— 7 3EEL pH RBEFBERE (DO)
DR E =T D5E0 L P IXEWAFEM R RIRE
THEM T T v 7 AR EN TEOWEICHE L, o
fift & R Z OB 2 LV TRODIEL TS E B X
517z, Hypolimnion {23 CTiE, EHICIETFER (DFe)
REO LR A2MESEGFEY (DP) IBEO EANED B,
WA B B STV 2 SoKE Lg IR T T L LK
AW TH o7z, LinL, HEMT O = viga gD
P/Fe it 0.05-0.10 TH D D% L, WiAKkH > DP/DFe
HIZFE 150 T, 0.1 % FRIZEHAEFMTHY | =oh)
WHET VLSO P IEIBRROFEN R S Lz, 8 i
WHCHHE L7z HPA IE, 1.55-12.6 mmol m2 day”' O#iJH T
ZH) L, AHOD (%, 2.22-15.6 mmol m?day™ OO#ipH CZEE)
L7z, AHOD [IIHEKBIESHEINT 513 & B3 S m A
RO LN, Fio, REPREZZMBICIRET 5 &, ik
B TP JREE (TPmix) & AHOD ORNZIEDHEBNGED &1
7o B DOEWNMITE O AHOD % Z2MHIRE L7221
AR HIDTTH D,

WG FEBR D DHEE SN WVEHERY O KalZv =2 v
BRI RE D Fe JRIE L FABI L. HEREM OWAER B DL
BLRT1E Fe IRETH D Z EMNRBIINTZ, Ko & TPuix
(ZITABBIZSER D B IR DN o T2 AN, K OO R4 R R 23
0.9 FELLEDWINZIR D L A DOFHBNTRD STz, MR

TR Bt Uic, HERI T P RS L OME
TCRIREIL, v a2 vBafiHBIC OV TER LT,

W o Rk JE M & #E AT 15 L L T epilimnion &
hypolimnion DEEFEE IS L OV metalimnion DJFE S % |

DOEVINETIL, HEM D P EESENHIATO P EE
EXET DI ENRBE I N, 2D NG, BREAENC
FES KT P B E . BNR TOREEROFE RIS
XTHT D OB ENRTRES L,
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R AR K TEE

1. [FLHIC

~ Ay (Mn) BEOEL (Fe) X, MLETITH
2R THY . 2N b IuRERORBE I
HEENIE < D OFEICRRTE -, Brane
T Mn i, ELIEEEAE L, F—HANTY
IKIEDSRNE E Mn RET 281508 LIT LITR
LD (Bl ZIX VT v A7 —i] : Schaller et al.,
1997; /A J1 Vi Muller et al.,2002; FEEH :
Takamatsu et al., 1985; Itai et al., 2012; B : 55
fi, 1989; > =7 & U L4 : Scholtysik et al., 2021),
ZORRER & LT, BRI SR Lz
Mn DK LR E MnO, ~OFLOME Y K LS jE
DEHEKTHDH E WO GEA & S5 (Schaller et a.,
1997), MEREFKBNTZAL S A HWHE THIITHFIC
Mn BENED 5D DT TR, ZOHENE
T DRBESRMZHIT 5720, & ITKBILHE
H UG 2 i 2 2 & & Lz, W%
FRRENFEBI L, KIEORR 2 BBIRO ZHE (K
W - B RKIE 29 m, TP : 135 nM; Hisl - ok
13 m, TP : 129 nM ; BP0 « Rk 38 m, TP
94 nM) ZXI5RIC, FHIBIOSHEARETHAETMZ
TREERNCHEREY) = 7 3B A BRI L, JeRIRE Sy
Hr. Mn 35 X O Fe DAL FIERESHT (XAFS), —KkJkL
Y#ls2 (SEM), BRI 50#T & Shi L 7=,

2. MEEAE

RIS, PR, B L & er 51T, 2021
3~11 AT THEER IR O TR B2 B K R A A FEh
L. BB IiEmIc L v L7-, AKEOR
72 BN T, W o T AL, Ty
FHR T TOEOSEEC L 0 . Bk & s %
ZNENERIR LT, WHEREF O Mn 1358 A~
T A<EBONTEE (Agilent 7700, Agilent Technology)
T, BB O Mn 13N> Rk REOE X B4
HrEt (DP2000, Olympus) Z W CiE& L7z, Mn @
{LFEEREIZ DWW T, @ RV — IR AR JoH
. Photon Factory @ BL12C & BLISA (23T
XAFS 53#r&4T1 o7, Fo, WIEHEFREY % SEM (S-
4500, Hitachi) CTHIZL L., Mn BEIIZH T 2EMO

77

HERBADT U VRERHBBEICET S

LEGHBFMT7 To—F
WG 3R BOF Y RORBEED - i)

FE & AR AT 2 S L 7,

3. BRLEER
BAFRFEORE T 0 7 7 A VinG . RE O Fik
HIZBW T, B oK T TR KL
AERFRO BTz, HEREFEAKILO Mn JREEIX. ARl
W, R, BRI CE L 770, 600, 5300 mg/L
Th o7z, MIFRAKH Mn RE X, AR & 2 FLIHC
KRRV CREREICR DM H Y |
TRESC ORI B, ARIRHS, H M. B L <
ZhZh 1900, 680, 8400 mg/L TH o712, T 5
5. MBRAT D Mn &, KL TEHETHY |
RABRZK 2> B WK ~ DB H A RE STz,

HFEYH Mn/Fe ZIRERNZMENT L7 & 2 A, Kl
I CIXEEIZ E Mn/Fe 2MEfE (22.0 m: 13.8,25.0
m:11.3,28.6 m:7.4), THIETIX Mn/Fe IXIEEIZ
EO6F—F (9.7m:75,120m:6.3,14.0m: 6.3),
7 CTIEEENIE & Mn/Fe 23l (25.5 m: 26.4,
35.5m:46.9,37.0 m: 187.5) OHENERD STz,
HRRATI . KRS < HEER R KR & RAKE S T
7o, HEREW D ST L7z Mn 3EKE £ CHE
WL, N & o THRIMEH L7272 Mn/Fe MK
xR LI EHEER SN D, XAFS OFfERNG,
K8 CTELHL L 7= BB W AR - I o HERE Y
IZB1F D Mn [ ZFEIZ MnO, THLHDIZHR L, B
WO RIREBHEREY) T DA MnCO; MR &z, i
TCERBE CUARH L7z M2 ACERHL - FFs(bic &
D MnO, & U CHEREIC LG S 736, HERR SR IR
BRECIIHERHT 228, MnCOs BB S D &%
EICEE SIS, T7hbb, KL BRI
7% Mn #BEDZEIL, MnCO; RO AT A28 5 &
Ez2 5D, u-XAFS R° SEM O/ HrfE RS HE
BT D MnCO3 1Z5 V> 7 MR T 5 2 &
PRI, BRI LY T ARENEETH
52 &, HIBAKT pH 23 < COFPREN EN T &
72 ED MnCOs AERRIZARITH D, T b DRER
L0 WEHEREY ~D Mn JBERENT, RO
WA D R IR KRl S D 2 &3 6
M7 o7,
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EXHNBREMIEN TSV oD
REREEEMIZLHFSLTLS0M?

R ([ENZBRBIATZERT)

R E—ER (ESZERBEOFGERT), IR (ESCEREEIHFIERT)

TREEE (ENZEREETERT), miEsCN (BENZBRBEFFERT)

1. [FLHIZ

A, =7 a Y VORI L FRIRC, B SES
BEMLTECWAZERMLATND D, ZoH%
FHEAMICHER SN TRY, BAEICBVNTHA
Erz, BREOHEMNRALND. DX TEM
STz 2019 4F 5 H OEFITIIT 5% B &I,
1992 AT A~ THY 20%F2 2 BV M 2 7R LTz,
WEARFE, B2 X ASESEMT 52 L BRBERD
KiRE EASELIHERIZRSTWAS I L%, K
BUNZET L EHWTH MM LTz 2.
REIEMOIRB DGR/ DR TH 5. fl
ZIXWHED a7 4 VEERD L, BEICRK
EzERT. b LEFOHRFENEML, KED L
ALTWDRBIE, ENOITERFEOMEM T 77
DT N—I I HFHE LTV D AREND S
5. FIZTAIETIE, ZhE TEHAICER L
T & A MR (P-1 curve) & TTICHEM 7 F
7 N DKRERET VAR L, BEOHEHH
FEWCRTT 5 A SR O 8 % E BHICEEE L
7o, —HT, M7 T 7 b ONE BRI
BIFRER CORBLZT 5120, ThbLOHE

IZOWT b PR THREE L 7=,
2. HBELAE

AW Tl ERGEE A, NaHBCOs Z#iRINL,
Z O IAFHBE 2T 5 Z L TRedlz. [HET
BREERFZERT N 3205 L C WD 8 4 At o 4 Jslc
BWTHIKAZRINL, EREIZFRLIF>THH BC
DHLY JABHE 2 RD 7. AFFETIL 1992 4~
2019 4FIC 1T 5 1328 IO FBRFEFIZ OV
Iwakuma and Yasuno (1983) 27V, LLFOR T
4 v hLT:

£ = B 1+ ()] m
2T P TRARNAEE TH S, A1 i
X, =028 WT Pu/ B HE D . Poax & ExlT

78

KIBEBIZKE KFF L TB Y L FOXTRD T
Prax =B+ 612 2
E, = 237-657%0 3)
T Z ORISR 2 SITIRTE T D4R, 6,6, 1%
KIBEEC L D685, TIHKEC)THS. BT,
FERT DFER 0.01~0.07 DFEPFATH Y, 0,0 13FNZ
1 1.046, 1.044 TH o7z, FAEEITIER) 2 DK
RIS U THREICHEST 52 & T, KiECBITF%
—WRAEFEHEE PP, gCm2h)YBsREDHZ LI/ b

PP = [}' Pyax f(DC(2)dz, @)

Z 2T h IR OKEE 2m), Ce)IXRT-RED [RR
BETHD. ZOFEFALEZANT, 1992 4~2019

O H S - KIBOHINE & OS5 E O PO
D, ENENOEBERIELT. £z, PEK
BIRE AT 52 LT, AR EEZRET

% LK % FRAE L T2

3. BRLEE
1992 ££~2019 £ A BIMHRIZ L - T, PP
1%0.093g m2h'~0.105 gCm?2h' & 720, 13.4%H0
THZERHLNAR T, —HTKEICLDE
(PN &> TPPI£0.026 gC m?h'~0.179 gC m? h!
OFIPATEE L, KEOEIZ L HEEN LV R
PPICHBE G Z T\, —F, Bl iR
L7 & 2 A, POC:PON [t & A 7B DR
BELI, YT T b NOEROREDE
BRI EE 52 TWD b0 LRI 9.
INDDORERIT, [EREBOZEZFHES 5 LT
KELERTODUEPRHD ZLERLTND.
[5 | FHSCHK]
1) Wild et al. (2005) Science, 308, 847-850
2) Shinohara et al. (2021) Hydrol. Res., 52, 916-926
3) Iwakuma and Yasuno(1983) Arch. Hydrobiol. 97, 208-
229
4) Shinohara et al. (2022) J. Plankton Res. 44, 497-507
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BEENRDNMICE T BT fEE
BEAHE) VBB ERGS#ETEN

A E (LK), B% (Gannan Normal Univ), PHEY - SUBFEE (BEEK),

1. [FCHIZ

KB OEFHAREREY %, AV MY VEBREZ L
FEUEXEEY, VoroRERT—VE LTHFET S
7. FOFEREEL AL N U LR ~O A BT
U UBRBRAZBMET 29 A CEETH D, Frxid, VU
ERER S RINLAR L D ZBARIZ HES VT, ATCHIRA L
7V OREENOEEZRADL L EHIT (Yietal
inprep.). AHERE Y o OBERNINKIIIRIEM A A
s 777 4— (I0) IZEVERTHIEIZK
S TY VBT AT VRS OFRIE Z & T IRE 2 E
THHEZEAL, TADY 7 AT 7 Z—F
(APase), v’ 7+ A7 7 ¥ —+¥ (PPase). 7
F ARV EAT T —F 1 (PD-I) ORERFREMICHE
SAHREY COEREEABRRE L. (e LE, B
85 MIR%),

AR T, BER O RO UL ER S0 2 et
D H Z, 2017 FO1EHREREI O KR R L
BRI X 37 4 7 ADOWE TS - fs R
ICHSE, AR CEBEOFHLB ZRET D,

2. MHLEFZE

FHATIE, 2017 £F 4~10 A IZKH O AN AT O 528
Z 58 < B2 0T 2 EETIHE L DL N O ST - 0T
TAT o 7o, ML A1, ROAKES TR 8K &
TV LR 02 um A T L T 4 NV H — DDA
RAFallt 2 Aol U7z, R BOS I BE 2 (e L,
WAEMIZE DY DR IABZ WA L7201, 0.1
mM SREEHEFEEL,. 3mM MgCl, & 3x10° M Carbonyl
cyanide m-chlorophenylhydrazone (CCCP). 3x10° M
Chloramphenicol (CAP) % P32 /3 fif BT FUK TR
ML, 3T CTRIGZEAT 2120 3 REUG DB ARERF T
4-Methylumbelliferyl Phosphate (4-MUP) ., F7-i3,
4-Methylumbelliferyl pyrophosphate diester (MUPyrP)
T TSR L 3R R O EOG TR O
ZAC TR %€ = % — L CHTE D UGS A3 A
R TIC MEZAT > 72,

mRORAF L7k Z2 ik L. 50, 70, 100, 200, 1000

79

FHES UREBR), BEFA FFFX)

nM 4-MUP. F721%, MUPyrP % I D4 iR g2
fbEHIEL, B/ ATl n ) VYT AT )L
DRI ¥ T 4 7 A % Hanes-Woolfs 7' 17 v k(T
L VRDI,

3. #E

B, SEM o8 O T HIE 6~8 A 2T
TC/PRN//P I, BEFND 10 HOHIMIX
U UHIBROBEM 2388 72 D Bz BTz, oK
WL TR O (C/P =142, N/P =23) 2SI (C/P
=114, N/P=17) KV KR&hoiz, YA X@HyT LD
HIEIZ X V., APase, PPase JEMED 89% & 85%1% 0.2
pm KO REZRBEEDEICHY . WTOREE D
MAEMMBREROT 7 h= YA AL L THERE
TWbEZEZ ol (PHER) . RRIEE (Vi
VS TIE 8~9 HIZH R, Tk 8~10 HI
Rk, 6 7 CFil APase 1% 4 H) 1Ti/hE72 0| 40
~300 fHIE ELB L7o, Vi [TRERE Y IR IC I
FILCEEL WIFEHTP<0.1; FHTP<0.12),
TN EE LS T BNV R & B 2 BT, fAafn
TEEL (ki) OZEBNE Vi & — BT, AW
TR IC K > TEB T S AlRetE bR STz, G
BCIX, BERDMNEIZIE S AHEREY IR EEF K
& Z D O ERR AT ER IOV b i
D
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EBMICET5ABREERTAE:. EEOEFRR

REEIC & SHMEHER S 5 LIFHEORE

YOk — (WEEK - 85D,

RRLER (R - 259,

AR GrURBE - i), BERER (FHERK - 35D

1. KCHIC

IR OYVENEERC—IRAEFEIZ & - C, THIEHERED
MO DEFZRY 7 EORBRAMMITERE R EE
ERTHY, WEOKEEESCTHNIEL, WK LW
JEHERE M ] O R BIEAZHHBR 2 T 52 &
MULETH 5. WIEHEREY & 7K 0O a8 SR
BRI, FEBREIZR W OREELAER R &I L > THI
EENDZENE. ZOHIEITHBHES THY
IEFICHMTH L0, HED T OEEY ORI K
DK DOEAFIEFEDO)PHE ST LE I RAEN
b 5. HEFREMEE BT A MEMREE OIF B L
RICSUGIEIAKD DO IREICHBEL G2 6D 2 &
ML TS, D72, ik & MEHERERE O
KRBT T v 7 A% EMEICHET 2720121%, ZE
L7#I/K DO IRE TORENLETHD. Fio, &
fE, HIERIRRREIC X 0 B OB E N E/L L,
Bk & 2 U O T8 TR NMEEE R T 9 2 BIR B
HINTWD., 2L MBEOWERRICE 2 55
AP 5720128, KO DO R &K & i
JEHEFREMI O RBI 7 7 v 7 AOBGRE I 52T
TOMENRD L. = 2 TAMFIETIXIHAD DO R E
EICRGRN ORI 2R R T 285 72
FHEEMRETH I E2HNE L.

2. MHLEFE

AL TIE, KD X o ZeifESER & ik o Eic
TEOBFERE D~y RARX—ZAEERL, WK%z
PEER SH7- 0 7 L(Osaka et al., 2022)% T EBr &
1T78 o 7=, WEHERY), WIKITEERE AL — 2
DIKEGERT 90 m MU TEREL L 72, {1k D DO JRE %
0.35~9.95mgOy/L |2 hu—/L L7-24 BT L%k
BB D /KIRGRI 9°C) T O2 - % 5 /g CHlllE L
RNBKI10 HREEE L2, $£72, KR T Portl
22 HIZK 20 mL FREE 2 BRI L, 117K OO A+l
iR (NO2+NO3), 7 > & =7 (NH4"), FISHEELEY
Y (SRP), WHFERIREZICOREZITRoT.

3. BRLEE

724 KOH T KA 179~269 IR LR E,
BRI TR WK O DO JREEIE 0.35~9.95
mgO/L OFH TH 72, 1TLAEDGEE, &M
o> DO BEIXIER ICLELTHY, 5 oHET
HE L7z DO #RE OFEHER 721X 0.1 mgO2/L L N Th
STz F£T2, BEEEF TNy RAR—ZADOEEE ST
EEEEDHZ LT, WATO DO RELZREST S
ZELHARETHH- T,
ZDOREEIZL 5T, DO B L HEREW D D%
BRT T v/ AOBBREFEMICHE LI 2 A, B
AL 1L, WKk D DO EIE DS 1.5 mgO2/L % T[]
%& SRP 7T v/ AN, 3.0 mgOJ/L % F[ES &
NO2+NO3 7 7 v 77 A D — IR iR EL 3 BB HE N
THZLEIRENTZ. ZOBME L DO JE L g
77 w7 AL OEMRBERIE, WK DO REKRT
INHEREW) D~ & O RN RIE T 8% Tl
L ECTHMRERERET 2O THD. AR
FERIY, ARBRENZNOOBBREHL TS
DOFRRY—NThbHIEERLTND.

three-way stopcock
made of PVDF

e 1 o)

\ 4—PVDF tube
butyl (4mm/2mm)
rubber
stopper

6.0 cm

PVDF connector

Tygon tube

PC . 0, sensor x’/
O, monitor ‘\O |4— £4mm/2mm)

50.0 cm Inner diameter | Peristaltic
8.4cm | Pump

Lake water
Acrylic pipe with
a wall thickness
of 3mm

19G needle

flow direction

e[ Fortt

undisturbed

sediment core 10.0cm

black rubber stopper

X AW TR 21T - TS HERE B 2 1 7 A
Osaka et al., 2022, L&O method, 20, 1-14.
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BBHIETS) VB4 VREL

SRP (BRI 1E) ) > D ELE

REILME KRR, it —F, b (REIRKRET - B5)

ANAITE . CROR « REGHEFERT) . * LRI (REBEIRK - BR5E)

1. [FLCHIC

REKPOBEFRERY) VEEORETHDLHEY
TTF TN ETTFERELINTEY, EEED
v, =I5 THIEMEIZEAFSOGM U &~ (SRP : Soluble
Reactive Phosphorus) & L Ciibivd, £ DK I
VUVBOAFT U FETHDLEBEZLNDN, Sk
ACE DS T TR RIZ L > T U
WL, U UBEA A U AREE & LTl R 72
LN DD, VDN THEPERN AR ZFIH L=
FBRTIE. SRP HIEMECZ OWERS % TE5H 100
~10 pmol/L FEEED YV A A L REENHEE & L
TRENT=HEH H 5 (Hudson et al., 2000),

BRELIZINETCA A I~ T T7 4 —
(LAFIC) I2&L5b, U VA A4y OFRNER&ETT
VN, SRP & D AT - C& 7=, EEMILINOE
HNZITRAKEDO Y VA A L YRIEN, I8 D SRP E
BIRNZ TRIZBETHBER L TV DH LR LD N,
FKREIZFBIT 5 SRP R IFMHIRALLT (FEIC &
D 10~100 nmol/L) ThH D LN%<, U iA A
VIREE LI T X o T,

SRP 73 #r TIE KB /L (LWCC :
Waveguide Capillary Cell) (Z & % —#7 nmol/L L~/L
DOEBNEETER SN TS (BHE, 2013), 45
B LWCC (24 % SRP HIEIZIR W T, BAMEHED
BRI L FEMER < 2 oM HBRA 1.3 nmol/L % i#
RCE T, BKBIET TR, EEORKBIZEITF
B Y WA A PEEE L SRP D ZAT - Tk FC
DNTIERB,

Liquid

2. A&

PUBHERET 2020 4 12 H ~2021 4 12 H £ C, #
BEIRNLRZZRHFEM XS« NF-o S 1
WCHM L. EEEWIALI T1 #isS (35° 227 N, 136°
06" E. HECREEER 90 m) TEAKZIT-7z, #KI
ZAF Y X K TEIRL, A2 T o v Z—
(Acropak200 FL£% 0.8/0.2 um, Pall) TAilEt%. 10°C
TRAF LT,

81

SRP O EEIZITEEEE 100 cm @ LWCC % FFH H
THOM LTz, BEETINE% ORIk Z —ERE TR LIC
EBR LT, VoA A OBE&EIIZIA A 7 a7 b
T 74—, Y7Ly v STk E
BARCHWS =7 22 —FLE— RE iz, &
BHEARIX, BT LAREZHZVEREICHECL,
5000 uL & L7z (R HFRAIE 0.5 nmol/L FREE) .

SRP, U VA A > OERNE SRR T DR %
FRAET 5 72312, 2021 4F 12 AICIEE 10m, 60m T
B L7 R AR, AilFERKE 10C, KFFT T
K26 AfIREE L, W& OREZE( 288 L,

3. HBR-ER

HEEMOXRENOGHE (0~40m) TIX12 AN
3 AIZNT T SRP » U U lRA AU RENIRIC ER L
Too EEBEMDEERMICAL , WED U AMAethiE
BlCHE SN EBEZBND,

U LA A3 A0 D 6 HIThiT TR TF LT
X, TH~1 HOMITIZE A ERHERBALITE 25
720 —J5 SRP 2L 7 H~11 A T% 42~120 nmol/L
THU, SRPDIFEAENEY VEERUINDIZETSH
% Z DRI S AL, S0 m BAETIE, FKfED)
HILRE L T2 VLA DO BT 7o &
HHNDM SRP D 50%% A5 Y VEEA AV
HEns56 b Ao,

BREE 10 m DR A FK %2 5248 L7 #E R CIL SRP,
U U PEA A USRS BRI L, MY v
A A4 OWEEN EH Uiz, BEETOAHKEY »
CEMD AR Z T ToRER. U R A A D3RI
Z ERIDRECAETZEE X BND, EE 60m TH
B L 72 R AWK TR, BHE R 2o T,

5| SR

TETESL B (2013) RS HE SRR ML AT T4 2 R\ 7 B AT I Sk
KB DAY HER(LERIBIE. MROFIE 22:169-185.
Hudson J.J. et al. (2000) Phosphate concentrations in lakes.
Nature 406, 54-56.
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ERBNEFEARAO—RIEZER

R 2 (RBRFRD), ARk (B ERREEREER T 2 —)
THARBRRGRARD), BT (KRERFAR) . BIRA— (RERFR)

1. [FC®HIZ

—PR{t —ZEFE (NO) [ TEEDHRLIERTHD & &
Bz, 21 HHAiCB W CiE A Y VEMEIC R LA ST
HWE T D (Ravishankara et al. 2009) , K& IEE
IXELBIML TR Y, MERREZ2##9 2 9 2 T
HZHED 5, BEAEA KK T NoO 1252 5 B
MXBLE O R EN SRR CTH Y . RERIZEB T D
NoO SR D RAE S U EIZ S KR E e R S h3 k-
TWD, 2 TAMZETIX, BuERENRE LT
CREIZNO MAEEINTND EBEXLNDHER
BIHEDP KK N0 RG22 508 R B WE
TOEZOMWBREPA SN T H7-0, BARZRFES
% RBWETERTEE (4km?) IZBWTHEMEZ
L TIAR D N,O OBLHINZ F2hi L 7=,

2. A&

K H NoO R OBLANE, THERFEBEAND 71
SRS OV B OVt HHIRT 1135k 6 381 50C 2019~21 41
BEE2 7y AIT—FEER L7, KT NoO IE IR
Ff5 (2014) D ECD A7 v~ v7 T 7%
o~y RAR—=REZISH L, BE LT,

IHAR-KEE O N0 AeHHEE 1L, Rk & KK
D N0 IREFE L NoO DRUASHURE DT & L TH
HL7-, Z 2 Tl. Wanninkhof (1992) D5 IARAZHA
R¥cE =,

3. BRLER

FEBRIHKF O N0 BEIT, FH) 12101500
(ng-N/L) (490~3280) T. T X TORMm KL
RE N0 12t L Cilfafiikig (176~1300 %) (Z&
o7, TROLHLFERITFMZE L TRE~D N0
DU & 72> TV D, BREE FEE O N0 =
FERORZUCR T 2 fafEixnwh s 2 E T
LD HMOPEKIRIZ L TEWMETH - 72,

BT Z & DRZA~D N0 g i EE D
$NE 207112 (g-N/kmP/day) T, B2 ZHit 4%
AT Z &iFTE Ry, FEBE TIEEA RS 72
DAZ < WD KRR EE DS ERIR R U M B 3D
B FRE A O F I (Xt oD /K2 bR TR L
TRERMEEITE R RV, FEE O BRI

82

KEA~E T &35 N0 13 325 kg-N & RHHE &z,
IEER K DIFED R DD FREFHA T T N0
HEIIREN B ZHND DT, W)llZi# L7 N0
DA (155kg-N) Lt (215kg-N) . KEA~D
NoO D, K ONEHERE 5> & D NoO DK ~D
WHBART AL TWDHED L LTHEAEINDIMN
JEEDS B DR HITAER T 385kg-N & AL b,
FREBIKRF O N,O L AiglEA 4> (NOy) RED
FICITAERMEENEH SN, T2bb, 4%
572 5 & RFAITHEWVERE NoO IR EINT 5 2
EERELTWD, FEETOFMZ @ LI @8ljn
5% 572 NoO/NO;s-EE I 0.000562 £0.000352 T &
STz, ZOEIZMOEEAIEOE & 5 LR,
IPCC [T RERDOFEAKIRN S D N0 i &4 RS 5
5 /LT EFs (Indirect N,O emission factor) . 3724
Bk 72 BUARE R X D NoO/ NOs IR bE % VW C
W%, IPCC EFsffiZ 0.0005~0.025 TH v, 4 [al#
W E 7= FEE D NyO/ NOs T i3/ S W ITHE
B9 5, PEBIZET 5/NE72 NoO/ NOs LD
R E LT, KHEATZETERE T TO N,O DEFHR
HAA (N2) ETOSBRRLMEORREMS B S
%, WERLAETE Y VEWEYWE O N,O & LT
RRUCERZ BT 50 EERN, & LTEHELE KR
SUTHE ™ 2 DN THIERBRBE ~ DR & 5 IR T
KRERENERDTD, ILICHE - FEZHED T
W<,

Atmospheric N,O flux
500 T

® 2019
400 || ® 2020
¢ 2021

w
o
o

< ™

N
o
o

*
-

=
o
o

Atmospheric N,O flux (g-N/km?/day)

1 2 3 4 5 6 7 8 9 10 11 12
Month

FHEMEME DS RZAD No2O Ji s
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2000 FAZKRILE X & O RS - LERRDFEREICETS

BRE—RIERFREERES KU pH OFESEROZEL

*%E? k/m\ *

1. FCHIC

JEHEHE O VEFEFIALE T 2 HERILIE, K 30 4EE
THEKZ 40 KT KILTH Y, FiL Tl 2000 4 3
H 31 BRI KSR S -, EKIE AT
K OEH D 1998-2000 4F121%, HERLOLTE R £ T,
~ 7 ~HRTH D HERLRFEOM E~DT T
v 7 ABINAEE E 3TV 5 (Hernandez et al.,
2001). ZDOZ Ekinn, HIFHO ZEMEREEITK
LGB BT D F5IE D —D> T L AIREMEA R
ENTWA. AERILEEICIE, FEREIERB X O
IRIRDOWIR & R LI FR @ H 0, Fox T8 %
D 2000 FFEHEIHHIROKEZEHRL TS,
T TR, HTICHREET DRI IR
ZOAFE NI i bk FE LD Z ER TR,
3 TR bR FEOE(IE, BRER T O R
LIRFERE I BELE 52D EBEZHND.

K OUERE BRI R IR T, pH PIREERAF T
&% Henry EEB LI OT VA VEIZLDEEZ> T
5. FHE OITAEE OISR HBNIZ 3 %E U7 IR IR

BT, IRIRAKF O " BbRFRE, Rkl X
W pH ZR, x B H#RE bR FRIRIE/ R, y

il | R LR SRR /pH & & 0 X 2 R L
To. ZORER, @R A RO B ERR A &
. TOMEE OMEITKILHERREECE S, FEALE
EREECERWS L 2WE L (BB, 2022). L
LR, ZOMHT T x SR, v B
LD Ee%ﬁb RHAECTH Y, e/ ik Tl E R
ERODDHZEIZH L TEEBTREADRH D, 4
T i, TAFRHIER B X OHEIER ORI L
T, AERILME KT, 2000-2020 40 5 FEE X OHE
T F s & EiflE] &[RRI B R b AR R IR R & x
i, FERE R R FBIRE/pH & y Bl & D, TR
SHTEAT-> T x Ml yHiZ#HKA L, THLHEDOELD
BfR D> DIAFERIH « HAEIR OPFREEIZ 31 5 kltk
BOKDEHAZHOWTHEEE LT,

83

FONEA - TG - WERTE  (biEE R AEAT)

2. MHEEHRE

T SR BB U 38 BR LU O PS5 H M AT o 7.
ETOPFRIIAP R 712 X 28 N5 TIRRK
L LT TVD . FROHFOES T 86—1428 m
CE¥)227m) THD. BRAKEHDES Lk,
SRR, pH 36 X ONBERE (b fr SR R & A& Bl 34 12
XV EDZ. RIER L pH IZFHAERTIHIE L2
VT4 B A T OIRIEFHE X OV pH G CHIET D,
FEAEREE 4 L O pH fE R 3EIC K D e azha L vl
ELTo. R TR G R FRIR AR, IR ROKITKERE S
N D AR, AT N DAY L T2
B h) U ARBHRBI N7 ) — T X LA
WRAZ L, WEHE B iR R & IRFEA A (A M
L7, HWBEERIC LV REPFEO bR b E
T (pH8.3) WHEEIT-> T, HE LIERBOEN
HEH L.

3. BERBLUSBE

FRT AT TIFEATX 2> D Z=aX+bY DITElFA
KOO D. KIIPERRBETIT a 1K<, b AEWN
R AFRD By, FEKILMEIRE TIEZ O O 23
WOLITWD., D72, U bla fEas kLR
RELTCOMEBRPRMONERIEEEZOND. FR
5+ AR IR OTFUR TiE, MEKE% O 2000 47 H
TlX b/a 2 6.09 TH Y, 200545 H, 2010 4F 6
H, 201546 A LT2020 46 A TiX, =i
4.68, 4.82, 427 BLU452 LB LT, T72bb,
TRFERW - HER IR OYF IR OlEE IR bRk & R
F O pH D BEFRITME KB ) b FE K LMEIR SR O MRS
TSN TNE, e & HIEKE%D 2005 005
2020 FF £ TIXZEN 5 OBIRITHIERAIZ E L TV
EEZONTE, ZOZ L, R IR ROIR
SRERIXME KN D 5 4 F TOERRE W TR K
o I MEOBIR D BN D 72 N BOK DT A3 5
720, LIBZDRENRFNTND Z LAVRIEES
7-.
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BROEH LKL & DA ST RREFE

(J-ADRES) Ofafh & RE

1. EL®HIC

IR, MERRRFOZ R G A I X D IRAKKES
TP RENBERE L, ERDEENEEL TND, K
RABNZ & b7 o KEOHELCH L S OHINAT
R D70, L0 —J@OKEY R T ~DOxtIEA R
HHNTWD, —F, BRIL, KEFEOKWEIT TR
<, SFEIFhEAR (EERV—ER) R HO
HEPEDL LICHE 6T, BROEAZRERILL D
DRNERAMETE H008 90, EE ot
EOFREARENEIC & > TEBERRETH 5,

TiX, BARBHIZIIT 2 BIROER & KR
XE DRSO TNDIEAS I M2 RIZ DM L —
T BIROFEA L SITIEL BRT 5 Bl
W (CEHRITR) oSN S BARKHORL (2010
ERIR) Ml L, £ ORISR % [J-ADRES] &9
7 =7 %A b+ (j-adres.chikyu.ac.jp) TR L 7=,
2. THFAORAHE

AAREHO LHFAFIIZEIETH D, T
TH57e EOFSH 72 THUFIH )1 - ke - Ak -
JEHZR & o BIRRY e THIFIH 23 B 0 . BT
IZEo T, BRIZENEAZ LT 2 bbbl
XRNELTEOT 2D, AR LRI AT,
AEREREAEMBIMEZ IR LTS 2 8E AR
DEZZ BT BT —F, YWk h & WwoTfE
BRI & B STV DR R 2 BRI, N — R
~DFRBPEL, KFEV AT ZFTHATND,

J-ADRES @ [E#if AR 13, Lo
FZX o TREBLEBET D Z L TREY R 7 K
LCWARREZRT [RENOOREE) & Kl
R EMSEER LT TAROELOEN S
(ERERY—ER) OflmEb L2, BRSO+
R ZRAMICGEHE L= b D Th D, KEITHRL
L2 CHRDOE NS 222 T D sttt %
FHT 2720, LHAIHOH Y a5 2 DS E1R
HIHrZ AN E LTS, HXKETHRZ & ICER
LSRR A AR L TWDLN, ZNENno BIREICE
WTC, HRIHOBRZBER L, BREE o> TS

84

FERSCN (BRI - HEUR)

CLEEBEILTWERELS ZE R L TS, FD
BE. BRSNS T, HEEHRTOFEMRZEM A 7 —v
(~100m A > > =) OF — XN FAHETH 5,
3. SROPE

BIfE, J-ADRES O [TSENSOZRRE ] (X, KW
MHTEHTWAKIZEDREFEOHLEZRLE L TWVD,
Sth. T RELEWIKEOFHmIZOWVT BB
LTETHD, £z, AEIOFEI 2010 4 O
THFIAZRG L LT D, A%, fFk (2050 4F)
O EHFIFIZONTTF U A 470, AR
TCToOLMFIAEZTRTHZ LT, ENEZTARD
KNEBET 2203 5 BROE R EZEZ TEHID
WTHHMIi L. fERZBEMT D TETH D,
*ABFIEIL KB HIERBR B A/ 2T Eco-DRR 7' ¥ = 77 b
TN RBAIRRIC I T D KUEEEIGC E L TOARERE
TG H LB 5% (Eco-DRR) OFFAMN & #1253 ) (RIHN
14200103) O—FE & LTEMI NI,

[X] J-ADRES @ b v F~—30 « HIBIKZ & EEAMEEAT
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RHEKERRTR - BHERASFNAE

* FEAE— (BLREMEAR) , BREX CTILRNEMREN), SEE
R LBEXRFREHR)

1. [ZLHIC

ERrIRIE BE 88 HR=ZRIZELND,
LEEZRSBHARKD EETWWSERM] TH
Y, EMCEROEETHSD (RO, 1989). h
FTIEDKRERMRAENTHON, REDEFE,R
FHBEOTI2HLBEEODERIEL BAENLORIE
FHOHELXZTTVWSENEL>TEL.

Z I THE A REFEREFMAE (2017~2019 &)
TlE, HEKEREBEOETTEML-ERNETSZR
EEZNICRET 5 HEKDEREERR~ADFEL, &
FRERAHNMEMLE-ZR O OHDERBEICET
AREMHMRE[/LIILEEHEME L. HICH
LWRRAIFEL, ZEMABTDHELEICEKY, LD
FHRNEONT-. TZTIE, HIZRka—2 (VAY)
FERALTKRYSHMAHMERCEEREERLE
Hy RO TRECHEOENTICAW:. EROH
Fs - thEEE A, MiESREREDERERLH
[ISLEMRICONWTHIRS. F£f=, MEICHTEK
BKEWEMOD T ERPAMELRIZIODVTIAET
DIRERAELLEL THRS.

2. BFHTREICET 5K BFEHHE

2012 £5 AN EM FETHREAE L LEHRICE
BELEBMNERBICEA S, $1,300 FRTDRK
EQBXRICTER L= HED R #iEY & #

ELT=. 2019 £4 AXRICIE, UAV ICLBHERES
zZimsZ L, KA1-04 TEtEILTERICEVRAENH

YTKDFTADRKEWNEEZZ SN, ZTOiMEL
BAEHEICARICC EADNRE LN, EITKENEEL
YOOEL<, MEKICHAZIENRECHRLEIZE
KTEHESNAMENRCEI oz, PHKTEES
AAmISELT, TKEICEEESZAERKOME
NAS-43 DEBEETOKMELIZHEESZ TV

SERGEEOMENSC R o, FJIOHTKE
BORADNHE SNz, Kh FO—VEROBHTZ
TLEETORKROERE L TVWAKEBMD LI

DWTHLMAICLTz. FE1.5m FIZEIFKEIZH

85

TKEEMN T FI2E > TV, KA LERIZIETE
ROBRNHY HBEREBIZH 20cm DMBOThAH
o=, 6 HITERF ~T HICHTF LRI R A IF
YL, TOHRAKBENHTKEBICA - EHEELT.

3. M| & uiEDKICHASE

2019 &5 BICRMEBICK KNI FEEL, LHRKD
METEOLSBRNEZIT, MEREDEIECE
FEADORENEREINTz. HKATRICHESTZT
ST-HER, HAKBOMBEICITE v m DFEFEIC/NS
BRI | F OB FAHY, KEHI kY
FRUOHEIEILIESCE -z EERICUA OERICEK
STHMALZAYDDHENHELNIE Tz, ARER
BOXRBMNSH 1 mFICEBESDOZVELNESL
B\EH 1,300 FRIOHKEREA LN

4. MiEICHETLHEIRBKEEMOL R ERPEL
BEsRICEITHME 1,639 BT CEEMICHT
EREUKEREYOEREDILEE 2017~2019 F(21T
Sf-. BHFAEOEE, 1998 EDithiE R FELE
NTHED 80 FHir (4.9%) HEL, FULGHEIZHS
WTBKDIE=HKDF - TN = ENEHRER
EEZbNT-. FiE 1998 EDRE L LEE L TKE
KEEMDEIEX, LHRTEEY DS SI1XEM,
AEADARREFELL, FEHKTIEEY OTH(E
mL, AEaIARRIEOOEMLE-. ERAREEY
OOY, HEhTIJURREIVACDEFEODK
F, AFHKREFHAROCRKARIIEY SIS ES
VAL IHEEIZZ < HHLTLV . BRICK-
TEYS I EFEaIRRIERNERLY ZD
FERD—DIEFIELEEHIC L DHEKDEZONBERL

TWdEEZ NI

HEt
AMEILE 4 REBREFMHATN—IRE LT

it KEREFFRIFA (2022abc) ERHFE
80&%5IAL, RANMIOLDTHS.
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1. [FCHIC

1 D R I T A4 0D SR G itk [X 7y D BE AT [
L, By i 1o S8HHIET (TLo &) &g,
2 1,405 m) & UG O BRI ( TREE] &
W&, FE 1,665 m) T & KD B2 2 (B [)2
WoOKEED] 2002), ILHORTIX 1977 L0, 5~
11 A2 (1988 4= 11 H ~2011 45 3 A1 L4E) B
T TWDH2, BKEIIKEMENZ <, 2016 FLL
BRIX RGN TV D, & 2 CARMFRIE, ORBEN
S i EBLRIET CELAI S i B BK B A B - 2R
MOZEFFEE & ~, QRBOBKRLEREL S
LB 2R E L, @B HFLU EORBIKOREK b
VY REHLMNZTHZE2HME Lz, B, O
& QLA RE - W (IR FLT, 80, 549, 2022)IZ 5550
T3,

2. A&

A s B 51.2 km N 172 BERIFT (K
%ET}?X,Ei&@%*XﬁM%)%iU%@
%Mf1mkmum@17@ﬂﬁ FXREH,
BHUIBS GBI D 5 b, &%%E@ﬁ@%%
Wt?%&x%%%btrwmﬁ_owf,w&~
2010 4F D AR K ET —# 2 L7z, ARKEICIX
Erfld (<lmm) 258 70% 5 £4, MHBEFREKIZKE

WES L, AFFETIE, PoaBiiEs LT
24
32,161,1993) % i,
L7,

FHEN SN O KGN O FBE % R, s,
A& DBIRD B AT L7z, WiZ, o &ds L OVRHH
B EOZEMMAE & BN G, RO KESE
RFEL D BT &2 FrE LT, SBUAIFTIC T 2
BRI DWW, BezKaEe H 250 (wet spell, WS
EWE) L MR K H 2L (dry spell, DS &) % & H
L 72-(RGENERATEPREC f# /),

BT OFABIER S B B H

3. #HR
[ZefEFERE] 1o & TIRER Zm L CRBEO TR 7
25 BALE &S SHERRIR S BRI B 0, Riv> 0.6 D

ERA RHEE R 43 4 (Shimizu K. J. Appl. Meteorol.,

86

RBEMSNN FH 1T HBRKEDZERMERE & RHUEL

ERREOS (AER), Bk — (ESLEREIAN)

L, 1~2 Bl Akl oFHR A, 3~4
A X V9~12 AT R R O RS A & 3k
WO BN, 5~6 AIZIZEALEN SR~ I
T~8 AT LFICE R Ui, BEE ClLima 2
DTG S AL A FE SEARIR S BN H - 72,
[BEpfEds K OME R 72 & OBIfR] Lo & L OVEHE
DWTIG, Ruiv & REECAFERENA BV, Bk
CEEEAEBIORAEAEAZHALEICE Y, Ry
EUWERERE LT-AT v 7 U A XEBUFIHT D
TR AAHM T Riv & ﬂ%#é_tif%ﬁw:k
DRENTZ, RBoiv & B O AT —B L Tz

4. EER

[BiAREL > 2BLPT] Hu EBLHIET B0
JiElz, A(100 4Ei8) : B IX - iR 5+, B(50~100
E%%%ﬂﬁmﬁﬁw%,ﬁxémiﬁw%,a%
~40 4F) : 1970 FARUTEES i S iz T A 7 2B
K OUKIEHELI 2 H () & 3 2 K SCBLIET (SRR
&), D(~20 4F) : BEIZBIM 245 1E U 7= b i) st oD
BUAFT D A D27 NV—T 3 svd, ZONEIET 7
TAORSEKBL, TORE, EHEH OB
TIE Roiy BMED 2 72 (TR, EHNZBRALE C DMF
A3, SEAEBINITTIE, B O/ /N, E)I, C Ok
JRS R DREKBZ OBHBMEN GV E B BT,

[E#~ L2 RIG 7 /NRE & E)ITIE 1959 45 LI
6~10 H OHERERN HEUX I, 5 HEL =D WS 534
mn, ¥ WS ¥ DS ofEmR bz, X -
5 RGBT DN T O & 1T E 72 D D35 &
n, EMELOMAIZIZIE 25 HE LB L35,
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B RICET5MBEOHK & IEXEEHTE DHHA

* fEIFAE IS G ALIRWIVERZERT), AWER (&REBERS), BFkS
KK RE 2 AL ZY—F v L), BEHE— (E7REZEHT)

1. [ZLHIC

FEE 7 JRUTIER 1800 Bl DHLIEA 34 L T\ 5.
IO OMPEDENR, ERITHKEVIETH D.
HLIE O IR 72 FEARRRRE Y, 13K (Zek
Hm?), 20RE (RERS b5 ?), 345K (U
WIEKT H0:?) ThAHH LB, KEHTIL,
3.OMIEDILRITEIRT HFHRIZ OV TR, Hifl
PRARE 7 FEAZ W 7 DL E DHETE % 3 T
ARG TIXEEOILRITIRE L TR 5.

W ROMEES THER LTS S0 omBid
EFEIEN2022)E TR Y- 572008, HEOEES
B A G U THyEo/E ], [/INGIEAHE A OOF
a1, 12806 O»MEES ], THIESEE ], THEE
AR B FEEIED, 2022), FHxT A HLIED —
TFETIEM T OYER 2R/ L TN D,

M ACEIF SRR L, Moo LA LKA
fELTW 2, ZOHEILZEDRRETH D EHE

ETHZLNE, MEOREEEZDL FTEETHD.

INET, MEOILKEE 2 HEE T 2RI O
JEIRJR % & Tl 2 720,

2. Ak

% < OMIFLEOBIEN S, JERICBERT 2 EED
NDEREFERTHR NIz a) ~g) ITOWVWTE & DT,
PEIHEE OHEE 1L, HIEN D 2 M DU fR D HE
FEROENOHEET D2 HEEER L. £z, #

FEMDMGEZ, 70 4RO MR OFHAME 2 #EE L,

SRR & i L THT o 2.

3. #&&R

PERIC BT 5 FG:

a) MEREO [ <iv) KEE—50-60 cm UL F TRE
SZSNIED DEE N Z o1

b) LI D BRI OO IR I — 7432 28 B 2 i B
CRAZEOHENL L T DRAEAS IALIZ L B 7.

¢) HKIZ K D EHDIR R OBELCRIEE — k112
S DOYE R OFBELTR H A K STz,

d) WEOBREG L Ok — FHAKA4-05 125V T
1948 4E, 1961 4F, 2005 AEDZEHEE, 2019 4
D K1 — g TR 4T - 7= fffe o M8
NV, MEOEEBICIIZITROH - 7.

e) [EERDOHEERE -7 V-2 a b T EHEKR
DA NHEE S L7z,

f) KEE KA OGA— TNV I-va L T
BIROHEENHEE STz,

g) bV T IHDA~Y R LA —RRDFEHIC
KDL RMFEDFER & HEE STz,

PEFRTEE OHEE

TSR OHERGHEE 2 1 mm 41 & LT 4MmFDOHLKR

WAL 3-50 mm &, BT I1ISmm E! THho 7=,

PEM - B (1954) o 3 i o - WXl &L

v B RTRE 2R EBAL O BRI E 2 3 A T2 fE L, 70 4R T

-0.90~+1.44m DAL & - 7.

4., EE
D By FIZBOTH 7 V-V a L U FEERD
HEDRNHEILR DER O—> & Hbh b,
2) WIERED 2 HUX, JER~ORE 28R/ & b
. WiEOEA ZETIIFE, iR, w@K, %,
K, BREDNTLDHEINTNWDR, B, T
IFEEENRKESEBRLTODNE LR,
3) ARWFZEIZI T B PLIGH FE O HEE IR R D HE
PR ICRFET 5. HEREHEZ 1mm F1 35L&
PERHEFE (T 15 mm 41 TH DA, By JHOHERE
EOFREHIME 0.7 mm ! ZEHAT 5 L, 10.5mm
LD, 70 T 1.00 -1.44 m OIEKRAH - 7=
EATClX, TOBWEL 7-10 mm £ L 720, ITVME
LipoTNA.
4) ARk String (7 /v ) ORBEhEE O EHME 2
~5cm %! (Koutaniemi, 1999) & [RIFLE CTdh - 7=.
BiEF

AWFFEILE 4 WRBHHR S FITRAEO—B & L TIT
v, AEEITEFIE) (2022) (KIERF, 80:79-93
IVERNL, #ERErEBENLEZLOTHS.
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BHEyRERICETHBEFOHK (REHED-LS) D&

OKIRIER (BIREMR), RERR (ALREETIETT) ,

1. [XC®HIZ

Bl o IR UL, A< L R In LT IZK
EBOTFENIRE IND [HEOHNK (WHEDL
A) 1 LRI O HITER B D (HH, 1930; KB, 1933,
JINIEF, 1953), B X O HAROH RIS IZ AR O TEED HE
PENTWDER, BEE TEOM FEEICET 28
FIEB I RDN TR, 2019 49 HIZL B A7z
BUCHEENZ R U DS 2 RS 2 #id (KAL-Y,
KA2-Y), 2020 4 8 HITHHAD G 1 #Hix (NN6-Y),
BEAIZ KD EROH U PSS 2 HEE 3 Dl & 4 52
Jiti U7z,

2. A&

FHEHR CEEZEEECEE L, WHNICHE
NEMET HEMEE2EE O BROFM & L CRE
L7, BiEOHMRORNLESIX, MROULAIARE
FEND 2 OOBEENMHEDLE > T D 03, fEEICH
ETE D HRE DOLAIAF EORE 2 RIT LT, B)
TOMNREMMT D T v NI U EREL,
BN B ((RE 65 kg) 23BN L7 BRICHIZ 230k
HIADIES ZRE LT, KAL-Y [2B W T, 5 E
AR (Mol T RV JGS 1433 L) 1280
EZFEE L, 3 A0 oBRICENT,
KOOI F 2T T, K, pH, BXU&EE (EC, mS
m'), ¥AFEEE (DO, mgl!) ZEXASER - pH
7 (WM-22EP, DKK-TOA) & #A7EF#E (ProODO,
YSD (2K 0 HE LT, Bl T GF/C Tl&il L7-1%,
Wi L CRAKEFEBIR Y, GF/IC Lol 105CT
WS H I E LB EE (SS,mgl!) &L
oo BKOAF UG EA A IO~ NI T T
(PIA-1000, &) THIE L7z, AR T
WZOWTHRBRIZHIE L2, 2020 29 A5 1 » A
fHl, NN6-Y DOHF &/ Ntz B FEidkK IR « KR GT
(Hobo U20, Onset) % &% & L7z, 2020 4F 10 AZi
P LN MBEO NS 7 7 A N—RAa =T
A7 (DS450, DEPSTECH ) T#IZ L7,

3. #R

KA1-Y, KA2-Y 5 X ONNN6-Y O HiF i DI K&

A EFEAL (ESZA) @), PR — (EISCERBENT)

O FEBIXEREF AP IR 72 & Tld/e <, @ L CTkiED
ENTFAEL, 5 EARBR LV AKEHT AT HIAR Y
RO TS Z EDHEE S LT, KAL-Y OKIEKITIE
& 132 cm, NN6-Y [F/EE 251 cm & HFiRAE & H W
ZHHETH 7208, KA2-Y DKKIZIE S 37 em (2
LEFESTEY, ZNEFMTITAKOIRE ST 0
ETHLIPNREBRL WS EEBX 6N, BIXDH
R B B CHE i AR MANZ i L CTHEF K DB HY
S TR D /NIESIEIE LTz, 205 O/ N 5 BH
(Y FaHH L= ik D EC 0h F- A4 HHD BRI,
BRI L7-H K EBELLZETHY, TFTHORN
STRBEBIZH D Z ERHEE Iz, EHIZKAL-Y
R KA2-Y OFEFE ORI I Z IR TEOWEAZ O &
7o TWHHIENFIE L, B, RO TH 5
HEO—fEE S 2 HMEEE > T,

4. EE
FEOMROLACHONT, BKA (1989) [THhjE
DL OMNRIE L TIRR Y, HEEOKIE CiAD
DNz EHER LT, sRZAGNICT DI, B
(ZABL 7= MR 7K 2 W\ VA To I SOV HY R D LI 3 7K
RERRBNTHEIZED X S22l > T D
OPHENCT D2HERNH DD, KL THRE L=
X OB, MK HFHE SR O B IREE S 1
ITORHIZAKDREE Y, BFEOMICH T OIRKEIC
TR NER SIS Z & TELD DTN D
EHERI L T D, kR & 72 HEEONETIZIL soil pipe (K
HB) DIFTEL, JRRHIZ $ soile pipe 2MMFTET D
(Holden, 2005; Smart et al., 2013; Li et al., 2018), %
K TILZ D soilepipe & DRHHEIZ OV T Higkam T Do
BiE

AMWFFENLE 4 B A FIN A O B A FE =
ELTEM L TR BERAMICHE LB L B
£, Fr—U#Rg G a7 ytmnse (k) F¥a
A B Y —F x )LD RIS T < SRR
LET. RREORRITAIKIE) (2022) KIREE,
80:61-78 IZHE L TRV, AEEEEFL L TEHLT
WEaw T 5.
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1. [FE®HIC
FIZBIT 2T A Y (DOM) 13X, REMEY

BEOEEIREy & 5D, EME X ORI
PEDOEWRFE L R EINTWD., Tk TOIFFERIC
£V, B FHIEIZIIT 2 DOM O KE 7 IS
T R T 2 M7 S A R O JEHE'E. (AHS)
THERENTEY (F170%), < OEEITKEEIC
KDL FH S IRICRE S XL ESND Z LRSI
7= (FFAE D, 2021,2022). AHS Dok (2 1 34E 5
PEEN AR T D2 ERMmeNTEY, ZoHizix
RENFA A CO,y, CHs, CO bEEND. LLARN
5, MJFTIZINT AHS R B S5 CO,,
CHa, CO % & &Ry L7237 v,

AWFZETIL, R R Z 31T 5 AHS D5y
fift 72 B 9% COs CHy, CO ZHIET D & & BT,
AHS ODELEDE N E BT, £, BEICBIT 5
AHS JE R & o THRIE T 2IRENR T A DFE-
IZDOWTHERERLT-.

2. MHEARARK

AT &0 B & B RO K 2, A=
7T A2|280mL TOE L T A TEHEE L.
AT KRBT A Moo TER LR 65 &
TITAAETIVIBRANTEN LR R ©
2Oo0FKZGML 3 EMEE Lz, NTREET A
b DY E 7RI IL, $9 1400 pmol m?2 s Th - 7z
7 I A ap&RiE, 0,1,2,3 8 BICEZ e 2N
L THEZEAAL TOVRIZERIR S fu7z. KUAF D CH, 1T
KFERA A ALHE (FID) &, CO, & CO T
RS (TCD) (& A/ v~ N7 T 7 TE
NENREZIT -7z, FT-FEEBRAET#% O DOM & AHS
DR EEEHE LTZ. DOM KB 1 IIEIF AR
# (DOC) & LT TOCETHIEL, AHS KFERE
VIR R - e R Y% (Tsuda et al. 2012) CHIE L
7o. AHS OEIE, EOwICFHMEZFIM L7z =Rochh
FLHOE A2 ML (EEM) -PARAFAC V£ CHENT A2 1T
7272 (Aqualog, HORIBA).
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ekt CROBRS) - BIORS— (FEERAT)

3. BREEE

JRIFIZH T 5 DOC 35 L OV AHS 1, 0~3
i EHIZDMT TR 60% 34 L7=. DOM, AHS O K
OREBEME I LT EE LN, T, B
SAMETFIZBIT 5 DOC & AHS JEE X, 0~3 # HiZH
FCHBREIZA LN o Tz,

EEM-PARAFAC f#HT £ v 3 FiEH D AHS £k 23
FiH & 7= ; BP-1 (Ex/Em = <252, 321/435 nm), BP-2
(Ex/Em = <252, 339/494 nm), BP-3 (Ex/Em =
<252/396) . WEAFIZIIT D ZH 6 DAy D SR E
X, 3EBICKRESED LIZEA RSN -
To. L3>, ORI Ko Thkth S 2 fE s
WWEDIZE A LD AHS DI RIZHKRT 5 & H#ES2
St —F, BRI D b O AHS Koy
OENEFREIL 3 A 11~ CHEmL7E. Zh
53 DOOMTE, BRETIEAZ T TIZEREN
LR E TR E .

JEGAHIZIS1T % CO,, CHy, CO 12 H ETHYM L
ZDH—EThoTe. WRFIZET 22N E DXL
DOREFTHR LN Te. HEHICRBITH2HAB E
T®? COz, CHy, CO UHHEZR I L2 & 25, CO,
1L 7.520.7 ugC L-water' h'!, CH4 1% 2.5x102%
0.3x102 pgC L-water' h'!, CO 1% 0.9%0.1 pgC
L-water' h'! Th - 7. F T, CO 3 &b & <,
WIZ CO, CHs bR -7-. £/, 2# B £ Tl
42 L7= CO,, CHy, CO DIRFEEDGRE, 0~2 3
H & T» DOC DD BED 42%, AHS D 46% % 15 8,
BEARBOIRBNRT AR L0 LT
WnETHlsT.

BRI RBIT DIRER RS 2 OWFFEE, MAEMIC X
DR AE H STREBSED LT 5. KRR
Y50 BFEOREZTTHY, I HICHFER
BEWERIIIREN TH 503, JofRITmed TRV
JETdh D, AHS Yooz k3 B IR E S B4 2 ik
BOMINL, WIFEICBIT DIRENRE T AN H 7=
AR E L LT RIS,
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ALK
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1. FLHIC

ITAE R - I CIE, P EENIC & - TRJEN Z it
BTN O NG X Z S, JEFH O M- i
TR AT 2B NBH SN TEBY, EFEZD
BENE L CWDZ EBREfRSh TV @R,
2022), 24V 5 OPEAKITHIERN OB AFEIT K L TR E
B E 5 ZTWDH EEZ B, WIIC L HHESL
SOPEHOM, 125D OILEK & I FEH M
WIRAT A Z ERERM I TS (Maruyama et al.,
1982 5 BRI - #HAS, 1999), EEF (1936)1 D AEE S
Ry RO~ 77 F AT, ZhETh
HARZ O Tt ENALE 3 2 o AR O #E 2 $.0
& UTEMER - EENZRIEN TN, BT 7 v
7 b o B, EREOMT, AR THA
EVICLDMEBEEREDREINTE 7, Ll
FERIZEAL & 725 LW ENT A2 <, R TR O M
BRE L TOHBIZTE TR, £z, JTEHEN
LTETWD EWbitdHKIZ L > THLEN OB,
M7 NUOBHENED XD B EZT T
HOMTE L Lo TR,
ARFSEITEHE 4 JR b AU O #E IOV T, A
BEOFEMHE(LEH SN TE 2L, £, ko
SR Z W & DI D & YK DR S
WE BN MO AL L, WKIZEDHE
B L WoKICk > TEA LA A E
ThOMBICLDEELRLNIT L L2 HD
L7z,

2. MBLEAE

B R ERMRUCH 2 MIED 5 B 24 4 Fra i@ O,
ZNENDOMPE THATAOERE 2 & N BRI EK
DOWEEIT> T2, AL 2018 4E 5 AN D 11 AZh
T 6 [EIFEE LT,

FAFHOREL, MIFEOENL D T ARG E
flio> CIEEHE L TOMKE S0L £7213 75 L £k
L, TNENXXI3 DT Z> 7 bRy b (Avv
2 A X100 pm, BESHE) & W TR 5 2
LIZE > T T T2,

AT U 7o i O UK EERR T B 2 X3 3@ &

’

90

BEyROBMTS 00 FUoBRERKER

CHTR R ASTBTIR BR L FA1E » BrR) N AR 5E 7 v —7)

(2022) DX 55 2 FVY, UK EZEICHLIE & oK R8N
HIEIZDOWNTENZNDE b AFHO B
BEZLR L, 72, BHEDL (2022) ITXb B A
EVIEEHIVIZE D 201847 AL 8 ADMIED
FRENS, AOARDER T Iyl & Zn st
DOMIFIZK S L, 7 H L 8 AT D AEDMEA
B % hg L7,

3. BRLER

SEOFETIE, 9B IFEORAEE (Diaphanosoma
brachyurum, Scapholeberis kingi, Daphnia dentifera,
Ceriodaphnia quadrangula, Streblocerus serricaudatus,
Acroperus harpae, Alona guttata, Chydorus sphaericus,
Polyphemus pediculus) %t LTz, HBUER] O E 74
HEEDOTFETHD L, HrOMEFETOIXLSE R
KZWD, 5~8 HiX D. brachyurum DHBFED 5 5
D 80.8~93.4%% 7=, 9 HIZ72% & D. dentifera
D3N L CHEBLRED 40.9%I232 L, D. brachyurum 1%
HERED 42.1%I248F L7z, 10 A LUK D. dentifera
DHEFED 69.3~79.1%% H 7=,

2018 42 10 A 1 AIZHA Lok T, HoKaio
9 A OB ROEEREE L 327 ind L ThH -
TeDIZxE L, #K% D 10 A OEAEREOME 7
FBREIX3.61ind L SN LZ, 202D 2
DL TITHIE N DI S~ D E R 7 oK 8
FHZEAERND, HoTHERRTHEI N L
ERbND,

UK EZEE D R/INT K 2 BATRDIARTER 2o
WTIE, 9 A & 10 H®D D. brachyurum (B {REEEEE &
C. sphaericus ERFEEE, 10 A ® C. quadrangula
BEEETHEE BHSNZ, L, 9 D D.
brachyurum {EAEFELIAMEZ O A O A2 S
D DEIE bR, PR DSHLIE OB A FHR R
REBREELEG I LIIEARWERE o7z,

FOREIZE 5737 H,8 HE bITREAEN
MB-BIL, FEORENRRENT ERH LN
2o M OREITE T O%K, KWIZ & DK
Lo TRALLEbD EEZ O, HKIZEIT DIH
B B BEZ D ENTEDLEA D,
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Jackson Tsuji

BEOD7HIRBREMED

(FEK - AKIEAE), /DEATR (ER), MBI (i RS2 R)
(bR, WA (B, HEEESE (Fdax 2 —

Fx o), BRI (ESCEREEND, IR (b e pr)

1. [XC®HIZ
EBHCIIMEMICES AR BOICETD [Thy
AL NEEESNTWD (1A, THYRFO
REEILRIIBIEERIC L2 D TH U | [FRIRFICHE
VINBEIN TS, 29 LSBT RE %
WU L, MEEZINESED, 7H UREARRICE
T, RE ERICE 2MEmIEBI ORI E & HIC
2 O PR T ORI ZE RS, Lo,
EDRAEAT = ALIRMATH D, €T, Ki#
HTIX, 7THREMER L TODAEWEEE DR
FFTEITH Z L2k BEDOA =X LK OATRE
FHEREELET D,

B 1. WL AR TRE SN2 T VAR ES
(A) LWEWENES FRERT (B)

2. MHEARE

S5 S OV 5 11 R SR S OV RV L
BWC, EaT7 V7T —REILEAWTT
VAR OFEE BRI, MAEMHSkOZE 2R L
7oo FHHEEZEE D, 16S IRNA BT 07 10— fif
MROT ) avo—rr v vy JRITIC X 03K
EWREEMEE 2T, T VR B L WL DKL
T (I7 BRI EWES) WO Z T 5
720, FHVERIAIR TR ICTRRE U 72 B ek 2 VAR L,
BB T COBEEITRo T,

3. RRLEE

91

16S rRNA B FEFTIC L v, JRHER K OV HE 7 i
WIROME L CRETHT I VRBARIZBNT, &
FHEL LA 7Y TR SNz (Kojima et
al., 2012), BAMMEEBIEORER, KEEOMLERIT
O ERK 10 pm OERWKRI T (7 I ¥Rk T)
DR EATAAAE L Tz (M 1B), 9V BRI IR LR
L72T 71 VBRI N T, BEOMIaN S 72 D584
YWnEE sz BRIFEIEZA, 2022), i HS CTHkiE
LT, @FRmIAZ WACE Methylobacter & BRI
BB IUHE Geobacter ISEBAFEICIR S, OFESE
BECIIARLARWEMTH- T2, BETOAX
RO A IS WY T VT OIEENIEST T 5
D, RPERE & AmPEER MR SRR IS TFET 5 2
CIE—RJET D, WENT I AR ZRER L
TWD Z &N BRI 22 M R 7 — L ChF R BR
BEHRIBENFET 200 B2 615 (U
5,2012), U bEDZ b, EHOMEHM T, 2
WHTIX, BS FE o RREIICBS W THEY O
BRI X 0 BE R ANTHE S CHRRUBR BE A 36
L, TORMREE L TRKBAEDRETHDL A X
VAERSRCHGETTNEIT L, AR S T A X U RN
TR T D AREAEEZZTHDEHDEEZLN
N

3K
1. Hisaya Kojima, Haruo Fukuhara and Manabu
Fukui. Community structure of microorganisms
asssociated with reddish—-brown iron-rich
snow. Systematic and Applied Microbiology
321 429-437. 2009.
2. INEAER. T VAR B X OIREOMAEMREED
R IR 700 61-65. 2012.
3. JEIFIEN, MIFER, KReMs, DNEATR, &
%, BEE - BEORBEEE-<5T
B AR OBMERLE. KRR, 80 &:
145-154. 2022.
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BELHMEE (r> 05 o2 aY)

1. ELHIZ

EPIZIZER S 15m LLEO KA L8 3,000 FLL0L H7%
BEINTRY, JhK - FKSCKIFEEICFIHENT
W5, X LAOEACTER, KEBRE, Fii~0
ERERB IOV, BRI, AT, IS4
RE T 570 & D48 CIHF I T CTE 7z, [
KEFIZBNTYH, X AMANOKEST 7 7 bRt
LOTRE, MELREICBET 2R WL OREE R & 5,
& UTIEF T, [RUBEEE 2B E 2 721K RO FL
B L, WbifsE CTE—KE LIziib 20T
ZHETIOMEADIENY 22H Y | FDRINTH
LDOFTIERAPRBINTND, I HIZ, ¥4I
L 20 & BREE B & M IS RN Uik &k T &
LD EHEEE 2 RETT HRA0, F A X DA
ERY—EADOELE Vo7, EROERE (human
well-being) (2 F THEAIAATZHTE BITHOILD L 51T
2o THEY, ZEM LA D O X SRS )
BIZHED BTN D,

DX ICERBEEBC KT D Fiiz Aol In R A &
LDOEMICHRD LI TNBEN, X AHBLIOHF A
TURARE R O SRR 22 A R RIS B T 2 A LR
WDIENERE L TV, Z07h, ¥ hEkEgmdi-
PRI B TR O 72 D O FERER M AR R LTV D
DONBRTH D, Ke v a v TREENSHIEE
Dk & IR SLHIBRBRICERE SV K& A% X538
RED DR OMEEFZFI L TN E, XA
I - 2 LN TIRAERROINIEN 2 ) N2 — v k{7 &
FEoicdac b ®2HNE T 5, S DICHEREEKZN
RBLRIND . KUEEBOHEISR E L TORT2 5 A
I IZOWTEERT 5,

2. REREOHME
kv va VICELL, AR T, ETEAMNC
B AMEMEORREZ L va—L, FLMBLY

92

B LR, WK BUEESLR), tEFsE (RERIZR)

b ERECRER - (RAER)

X LT RARE R O B LR RE R AR
RERISREICRI T 2R 2 T 5, R\ T, Kty
vavo 1l OFEBEEBNL A2 HE L oxt
JEBIR %R L. RASIERICIANT 72 s e 2 3 2,

B DD DOFETIX, BT DIAN O LR
HLLARRT o AT 2MEZIEICHEN LT
W72, ET X LM T T 7 N KAER
FE AU AR IC B2 3 SOBIEREN B H D |
HLWNCR T B AEMREE OREE L e LT D
SR RE — A OWTH LTS, IRWVWT, &4
W O—RAFESRE KEB(LRIRICED AR L LT,
EBROAECY AN, RRAEERIEEICEH
LT3 200RENLY, TN H%EH L ITKERICHE
f L7 DO EEHRRIZE L TR E1T ).
EBIT, KIEDOWIEA Z B L T ORI
TAWZERE N . F LIS DIREE SN A ik
HIZOWTERT D,

Ty va UIRETIE, XL TIRAERRICED D0
REFAIT L T2, T EABREEIC
FAFEFHE & L) O R O TEREE. & A
WX DM y U — 7 DO & fEREE R YL T
TMOAEMFEEIZOWTOWERIT 2B LT, ¥ A
L DML Z ORI OV THEA A B AR
D D, wEZIC, WIERNBG SN TWND X L
TR OERERRBOE=4 1 » 7iEROHE
N0 TSR O AR REERE I TR
BELET D,

Kty a rOREBICIE, SRROMREHE L
RO B R ERIEZITV, [UEEE) TIZHBT 5
X BN K DB B DA & ARIK D 72 8 DY
FRIZOW TR L7zu,
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SLBIZET2HMTISVIFVERED

B/ 52—

1. FCHIC

RFTEMREE, BRI D L, o8B T «
NE—L =TT 4N —IZL D FORERIE
b, LinL, D7 4 vZ —OR% 72 58
DRE XL, EYREOHBEINLIC L > THRRY,
OYFERE R BN & LT A T T 1 v 2 — 08,
FEREREZ BN & LI A CTld=y F 7 4 v ¥ — N
X0 XEM B ERIFTEEZLND, Ll
BHEMEZRET D2 ENG 7 4 V2 — D BR1 e
WAL D72 DI21E, SO R E A
KR LIRS BT 5, ABFFETIE, /8
N2 E DR CEREICE @M T 7 7 b
VIZEBR L, WKL OEBFRAEIC Lo TR
gz, XL BT 8 TT7 7 FoT—
ZERANWHZ LT, ERT 4 VZ — O EE
PE & Z DOBEEM BN~ DR BIZ O W TRENT L7,

2. MM EARE

AAFFETIE, WAL OEZBRAEIC BT 31KE

LAKBOT — XN AFHRETH -T2 2E 87 DX
DD T — 2 HfRHTICER Ui, £3, &4 A0
BIFDHE TV OIERIET —F K, K57 H &R
A ZARBE L VST TEEIC L > THE L - HERE

TN—T T DIE - RET—FZH, SEHICX
DHFEAEAEE S HEREREIC L AT E 2R L2, K
WTC, TAUG BEEREE I & AT T O IR
BEERM Lz, £/, ¥ AMOMREE - RECES
EWo BT T N DSBICED D ER L,
WK D RBIREOIARELE, F 20T E Vo T
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Anaerobic microbial redox processes in an
iron-rich and meromictic dam lake

*Jackson M. Tsuji', Tomohiro Watanabe, Hisaya Kojima', Tomoya Iwata?, Manabu Fukui!

Introduction
— Lake Mizugaki

purpose dam lake used for flood control, hydroelectricity,

(Yamanashi Prefecture) isa multi-

and drinking water supply. Strong stratification has been
reported across multiple seasons, and the cold, deep, and
anoxic water of the lake dissolves high concentrations of
ferrous iron . Hydrogen sulfide and methane are also

detectable in the anoxic water column, along with arsenic
that is likely sourced from a nearby geothermal spring. By
sequencing selected marker genes , we have previously

identified microbial populations potentially involved in
One of the

Sulfuritalea

sulfide and methane oxidation in the lake .
predominant sulfur oxidizers in the genus

was isolated and found to respire arsenate, suggesting that
microbial arsenic cycling could be important in the lake’s
anoxic zone. However, the diversity and functional
potential of micro organisms in this meromictic lake

apply
metagenome sequencing to water samples from Lake

remain largely un  characterized. Here, we
Mizugaki to explore the genomic potential for microbial

redox processes using methane, sulfur, iron and arsenic.

Materials and Methods
— We sampled the water column of Lake Mizugaki in
September 2021 to collect physicochemical parameters
and obtain microbial biomass. The total depth of the lake
was 45 m. Water from seven depths of the lake was
pumped through Sterivex filters . Extracted DNA from

Sterivex filters was used for s hort read shotgun

metagenome sequencing, and short reads were assembled
and binned into
(MAGS) using the ATLAS pipeline.

biogeochemical processes of interest were identified

metagenome-assembled genomes

Marker genes for

using sequence homology search es followed by manual
curation. Specifically, the soxB, arrd, and pmoA genes
were used as markers for the oxidation of reduced sulfur
species, arsenate reduction , and methane oxidation
respectively. Multiple  genes were used to identify

potential iron-oxidizing and iron-reducing populations.
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Fig. 1. Genomic potential of microbial communities in
Lake Mizugaki. The bubble plot shows the

abundances (%) of MAGs that contain genetic markers of

relative
interest; a black triangle shows the oxic/anoxic zone
boundary. The heatmap shows the presence/absence of

selected genetic markers in each MAG.

Results and Discussion

— We detected diverse microbial populations with the
genomic potential to oxidize sulfur compounds across the
(Fig. 1) . Along with

Sulfuritalea sp., we detected two other high

water column of Lake Mizugaki
relative
abundance populations in the anoxic zone with potential
for arsenate reduction. These populations appear flexible
metabolically and could also participate in iron or sulfur
cycling. Populations with potential for methane oxidation
were detected even in thedeep anoxic zone, implying that
they might use a novel metabolism. Multiple populations
with potential for iron cycling were also identified in the
anoxic water column, which hadupto  ~50 uM ferrous
iron. These results support that microorganisms could be
important drivers of biogeochemical cycles relevant to

water quality in this meromictic dam lake.
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BILHIE DT — X 031 9 5 2 L)1 & *PRIZE A
BT (PCA, RDA) & 4T - 72, MRICIEAET D LHb
BEFIRERNF & LT, D50, ROUREE, A HAHLE
ZHWT, tWhEERT LS Eh- 7

SNGRAN « HabiE Rt D2 b2 ik LT,

3. MRLEE
BA) A LFEFECOMAE TIE, LHPIEITHI TE
AERBEENRE L, TRETRICITEASA
EEE L - PBETERC - ZARMERR BN R CAT R D b
V77 Ly AHE G- &5 B ICAEICE
DL EN RS NIz, SEEMT ORI, +
BT O ERABIEILY 7 7 L ARSI
KA, FLERED BIINOFITEVESS 2 &
MRS NT, T OFEEAC 2 R AT 2 R &
LT, ¥~ 47 78 Glossosomatidae 7z &, &
Tt EHOWTERAELERN N v s T 08585
bie, ZNDREROEREILY A L - SO
W IRIC @ o 72y, K @i Tho
Teo EToHWNETHEOFERFY N8 HTHY, ¥
~ T TROATELENSIE, SN0 5 ERAT
U 7R 73 & A Ui CRESR L, W7 b L7z 5h s
RSt ST LN QRN EL RS Wk MR Gl | N S R U O
L CABRRRIZR 722 ERB 2 b,
BELD X LRI BN TSINFRA & b ITT D
IR bl L 7GR, SONBRARTE TlX LB
&R O W T ISR N DT, —
¥, TEICRIE TIE LR BREOEFNIE, S
ALV HLABIZREZLEBEDOOLNDL OO, EAH)
WIRHRITIZ & A EBERRBD b o Tz,
D OFRERG, LB IRERE & &
EH DR EN D OO HEIMTITAEMBEE~DBH
ERNRITRIADT, N L 2EHOMIEE S
L7 TR EE CTH D Z L PR I Tz,

=
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O-C17 ANBMER L LTRESA I EAREDEBREE
BT RRATRR) , EA xT RELTK - H)
A & (4K - BOGESR v & —)
TR FE GEERSARE - WA
PrF RN CREBKEDISUIZERT) , B 8 (RBATREFER: B ARER)
1. BLsic ~OWBFAR 2 & LTl L, W
FALAETTIE, FLAHANTELIZTZ 7 b TR OFRATIREOZE LI RHIATY, RS

VISR T A ETT T NUBENREL o
TWb. L LEZEDWFT T 7 bR
OBEERMEL Z LT, B km DNIZEET S
Z L7234\ (Chang et al. 2004, Doi et al. 2008). iA])I]
DOHEFEFEHIZREL 221231 bivd (Lair
2006). 1 D HIFWHEFHERTH Y, SIIPHT
K7g EDWMNI L DA RRLWTOIERE, W Tl
W K > THERRITRDIR A B 3 3 5 E T
b5 2 OHITAEMFREMT, WINCAEET 58
WARE AR, BRI 52 &Ik ORRA
B SEHERATH D, EWFNIEROH
WFETHLHIEREHED, ¥ L FREICENTEE
BT 52 Lixk<mbnTunai (Katano et
al.2009), JEih & vy D ERBERE VD, 2T, &
DOFRERE, FBESNTWD IO TOHEIT D7
V. FZTANIZETIE, BEHERE LCotyE
HITEM, T 7abblgimd OERKRENED X D
R, & XD 2R ATE SR BERE T bR < 8 < 2>
ZBHOLMNITDLZEE LT

2. Fik

TR EFH N EFIELT2FEI GEINKR,
AN FIRT) I THEEZITo 72, MEHIZIC X
DEEHET B2, JIiE, KENE BICERD
HIEOWET (A & JRigss, K1) cethzh b
PR & IR AR D 2 Hi R A, AETESREEREIC K B
SR FUET 2 7202 — D OWERIC Ly LS & Rk
HS D 2 i A AR & U CRRE Lz, {hEH
B Ol Cez2 il & JRig s O 4A) CIjEm R
# eDNA EOWE, EIEHLEEM O TIEa
7 — MI—3%y N TIERABY O EEHELLT
W, SRR O FRE L BEATE L. TRt
L e LTl PR AW E, o> 41
W77 7 ho) EEREL, ERs 6 it
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B OFRA T NI K AE R s S g IR
HAZFLPUL L TRE LICB I L= RF TH— O
BETo TR Z I LT

3. B#R

EHIZ A T eDNA B2 HIE L2/ %, 1k
ZEH TR ES RO U e N Y B A, HEEE T
X~ e IRORENE L, SHE CE LT
LHIEEBHIIRE AR PRGN E RS
7o TEEAE O E LT, I PRLIR A Y B
IR CTET Wb OO, YT T s
N > OB ENIIEE S S, Rz cm< e
S>TWe., F7o, ATERERERORETIE, KE
BRROEEL GIZZWAFOT MW T Z 7 b
> DD BT &N o Tz,

4., EE

AT N HA « o~ e TRHZ K 54050
EF, BT 77 b OREICRKEL L
LTCWAZERHLMNERST-. £z, REBARIZ
ERBLTWARWE T N HA O EERITIER
W<, BV e BA DR EDIER (EWFE
ER) Ny~ Fer 78 LI X 2%
(EWFHIER + B 2iEH) % ERIS 2 &, K
AERBAWINICE VAICITIERRE I X D ARk
BEREN L VR BE SN D Z LRI ST, ARHF
GEIT R, IERAERE O BLAL T I, AR SR B
ML > TRESERDL ZERHLDIT RS2 &
BITEELD X AT H R, RREEAITUV 20,

() (b)

M1 FRIORER @KFEE (b)IEIEED
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1. [FLHIZ
INETEENRYMATL 3 SO EEL T,
H DR DRI 2 DR BN SN OEMETH
L2 EBEAT S, IXUOIC, dtimE S ik
AR T S LT IR T — & OfFFTIC K o
TRENTZ, # b LB TE U -AIEREDO L ICH
WTHEEELT D, Hi\ T, HENTTALR 2 20K LI
PEkt S - R E IR KA b o D [BliEARE &
FHMERREDIT RICHOWTH o122 & 2T
%o WtRIZ, ZLBIRNEARA Y U EEOHE
EIAI A 2 RIS 9 TIe & DD ¥ LTk
Mz BT, BIEBEE O RYEEE 2 ARME O =
NEHEL ORBRESNTEZ L E2BELT 5,

2. MBEAE

2 — 1 JLHE TOK 7T THORIEREIZ OV T,

FHAIFIZZ O TS Z DDFAE LTS & i

BT E D, HEM R OREE - SAEOTERTES
ISEESE Ll —RALBIEET VR LT, £ L
TH LEHOFEBEEERIET 5 & &b, T AN
LHEE S DO & ARMERE A GISITX Y
~ v I L,

2 — 2 MENTINRE TSN b oplifas 3 {E
K, HoTEiN S AT Lz, EMNTOREIE
Mt 4 2 OFEN S A USSR (1+) 25
25 B L7, 2D TR TOMEEN G HA %
L., UWREO%R, L—F—T7 7L —va v

MC-ICP-MS (T £ ¥ Sr ZE RNk (¥7Sr/8Sr) DRk
Rl B a sk LT,

2—3 A VIO 6 DO LFAKHL, £ 3
SO ASKIE B AR 85 DKM & ot X
DAFL (HEM29FE, MM 23FE, 33
). WMk O ERLEFEAMAL (6 5N) Z5H
L7e FE-T_NTOMEIC O TP Z Sk

(FishBase) LY :kdi=,

3. #R
3—1 XA LEWRTIHERTAREKMOFERDNAE
WA U, IBRWEFTICE B2 2 2T TR B K

FLNRKAFIRETEE

famEsA  (ESCLBREEAIEAT)

&L, RIS Z Z AR S D & [alifEfa 2 ol
(2 9 FEDMIKMDBAEIL T D Z & MR 3inolz,

3—2 (F2D7w) DA~ oHfdd~
THENLPELERENSEER, —FTIRA A
AN OMEAIT TN TH LN S L7280
DEFNTZEREINTE, FLTHETHES N
A MUKAD S B 1 RIFILR Y LA TAEEN
Z LN DM T VAR L 2 & RENT,
3—3 FHAUI L7 AMRLD 6 BN X, & Lirkiho
AT FZE L CEAEOREEME EAERIED
FBZ R Liz, Lo L BB oM CIEizEo
TVFEOHBEEZR LT OO, NEOY T LT
EEERLE YN oY g Wi

4. EXR

EHEE I 70 FEIZ & OBKANERT H0, £
ORI LN AITERT 2E LEIFEATH D,
BRI KU BRI O i, TG
) R 7R < 7 o T (EARTE A U L2 ik L C
WD EATRENTZ, £ F AERLCE, B SN
BPARMIZEACIAD BN TND EEZ LN TV A
O EEEICBN T, ZO—HAREEL WL Z &
DRENT, ZOWIITE, A LA b U asigEn
FENEYF S B FEIN I ¥ A FICERET D2 &
FOEDN 72N O T F & 5 T K O IR
Btz O S EDBE TR RDIVTV S AlRENE
DHDHZEHLIEMEN TV D (Fukushima et al. 2019,
2021), A =ik BRIICI VLT, ZEICHRE
D § BN NRBEPEL KB L 72 2 DI, KALd
FRITPEVKANOGEEMITINZ . IR FH DAY
FRENEE LCTHAT 200 TRV, Sk
25 &, FAMORLEIIKANO—RAEE (W~
Ty by MAEEE) OB EEORFPIZLTY
%, Hilli/e RN X2 D4 MOMBERE, -
ZIUTK 2 BT IREERHIBRR G 0317 L TR
ARETH D MNETH B,
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1. FCHIC

ARERNHE (BEERBIUOMRE) 1T, £ER
NOREMIZ L 5 RFEOEE & M4 U7 R
BBV A 7 NVOIERKT v 2 TH D, B
FEIENT L0 TR DV A7 3 Uit FEE 0D 50 1 7 3
HIATZA D L DTl olztz®d, I, IBFBEOH
BAb P — i B IVAERER RS B A HET 5~
AT o A{E R OV HER S L TIT o T
W5, LovL., Z AN ERT 5 AR EEOH
HIERS TN D,
OAMFFECIE, HAKIBIZZE D & L Z RO )INCE
WCIRFIRRRE R L OMEEKE T — 2R %8 T
— X OEHBIINZ TN L, ) ARERAH RO R R
BB ST 5 &L bIz, XL OfiE
T4 % AW T HIKBEELIZ %5 2 1) 1 AR RE R AR
BEO|PL) (LYRF X)) LEIET) (LYY
A) AZOWTRITT 5 Z &2 HE LTS,

2. MHEEARE

PER G THLHE) (BFER) X, 7204 5%
ALTBY., ZNODOX LBEORK FHICAET DK
NI L7025 8.4km RIS & 2 BUBE (U1 1 21
BeRRZ ik E L, WIAERBRREEOHEICLE R T
— % (BAFERFRIRE., KR, KO, RE, AKE
) A B L7 (BLAIRIRR I 10 43) . ARBLRI
X 2013 R BB L. BUE kT Th 5725,
fEHTHIRIL 2014 SE D 1 FEM & LT, FFoiieT —
BInt~ ANT U AEE W THEOAFER L
WEARE L, 7B, BEOHRIREOHEEIC
X, ERRGEA SR L,

3. BR

2014 FFEOFHAE IO A E & L P EOEIZENZ

AU, 0.1~1.4gCm?d"' & 0.01~3.0 gC m?d"' OHFiPH
Thole, FHENHRERIKDIRNS AFETET
E A RIEF SRR &N EEREZ EEl> Tz (K1),

103

FLANIZE T HEBRRHE

*HEPRE) - gnRYEY - BPmRE (FE T RAFSERT)

Z D%, Wi 300~600 m® s FEE DO KN FEAET D
Ritl (6~9 H) 1T A2 LI Eldif~ , AFERE LY
INSWMEZERT LS IR, 61210 A R
Pt 1,300 m? s O RIARIHIK NI 2 & Pl
IS L CRICAERZ TRID X5 127e-7,

X1 2014 SO ERRRNHE &R

4. B
OARMFETIL, EPERE & PR EOHKBEELIZRTT 5
JNEDBENRFRD BV, FATHFIE T, MR I,
AEPE BT AT KRB EL~OIRET 1 23 | &
STV D D5 ARWFE Tl KB HKIRELOE
AEPERITIESCNZEIE T A DTkt LT, FEREOH]
BITEND Z RSN, ITNHIX, EEELIE
W B D /K IRELIS k3 2 1851 ) & B8 1 0E W
XobneEZOND,

OARMFZEIL, A% N E fk bR 1 0 B)
A=, o, WUNBEIMASH L v iET —
S ORMAEZ T o, EHELE L ETET,

235 3CHK

A A (2012) )1 O R FEEER.
mrT 47 AARERRESR
Nakano et al. (2022) The effects of temperature and light

YOKERESD 7

on ecosystem metabolism in a Japanese stream.
Freshwater Science 41: 113-124.
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1. ARERROBELGE

WB O 7 Z > 7 b X, AR R
BB O RY & L CIEsIFREATEY (DOM)
ZHEHT 5, £72. DOM [THIE IR A AW )
b Ensd, Z2OXH T LTERLTE
DOM [l OEFE IR & 72 0, DOM |2 & 0 ¢
SNTZHIE N A A~ A FRAEY O TG R &
2%, ZOXHIZ, DOM H B & CHRA
WL DR D BYESIL, MEmL—T L
PRI TV D, 18k, ALV — 7 130G KIS
L OEMEEAESLE L TVWDZ LD, £
DWFFEDIF E A EIXKGE N FEIRT 5 ARk
MIERRFKBICEBNTIThh T& iz, —7.
THE O ThE CERIEZ & R WEKEIL, K
YR fEnd, KRB, EMOBifFE - A
PENWT=OIZ, 2L OMRFEOERE=ITHZ
ENEEN ST WAKEOARERIT. DO
PEZREO T2 O KA T 70 < @SR AEAE
Mg EOMEDDPEETDHVAT LATHD &
EZOND, RREHERIL., FICRIR AR B
NBGAKE S BT 2 Emo R (Bfn
JCAEFEN D 3ARE) ORRICE S X EEWMO
GOKE 3BT D A ENE I E Y L TE % R
B9 5728, HERILS: L SAEM A RESEAS 3 4R
(2ol o THFEEEIT o Tl R 2 WS35,
T ix, ALFEBFZEZE LT, WEEAKE O
W — 7 % Sl & LU7= [Hypolimnion ecology
(WVRGOKIEAERES:) | 2B L, ZThE TR
i B 7o SR BEAERESR & b 5 2 D WITBIEKE 12k
T D AEREFOFMEAE A L T2,
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WMBRKBEEREZE (Hypolimnion ecology) MBI

R —  GUERR - ERER)

. AEE (EFRE)

B)N—F (EHEREEMN
2 =)

W AfRE (ERIREEW
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BRAHBEICESHBICHE T H5BFREDOSEOF -2 RER

*RUNFNF, 1WAt GERATE), PE— GURAREHD,

P —, AR (FRITEEM =),

RHEF GEvT 277 (BR),

Renhui Li (H[EEMK), Fuhong Sun, Fengchang Wu (H[EERHEF} ¥ ¢ SKLECRA)

1. [FLHIC
ORI L OV ADE A W T 2 B D IEAF A Y
(CDOM) &, #IE TIE, MAEMSCBIEND OFH - 47
fRA R, W LHICHRT 2 7 I v mE R EEK
OHAEIRN B 5, F 72 CDOM OPEE L, /KER B2 O Wy E
(bFB L OEWFH T ot 2T RKREL EEELZ T 5,
Z DX )7 CDOM DPEFE & A7 MVEREZ RS 5
ZliE R T DAY (DOM) DEJRSSZ
DEYHERILFER X A T I 7 ADBRIZBENLD,
EINIHVEIZ1Z DOC R FE & 5 E D SR IR I = D R FE
AR & D Z &3 5415 (Fukushima et al. 1997) 23,
INETOENOKEREESE CIE, FEOKEICET
LIREN DB E O BRI EZRD D Z LB Lo
Too L LITAE, ATl BIRIC X 0 RS % 01
D72 EDARY MVIENT FIEDSERE LT % (Helms et
al 2008) , £7=, /T ESTEIC X 54 HE 453> CDOM #HAfh
HRMEAHRET DHNFED 1 DL o TWN D,
CDOM D7z 7ML A EANT 2 2 & T, WEIcE
7% DOM DRIFERLEAL 7 v v 2 DFMENET D =
EEWRTE D, AFJETIL, CDOM OfiffT ik & L
TR ARY SV DR % IRl R & IV, B EIC
£ D857 7 &EH 5y CDOM R 23 A LC, HAK X
OHFEHE ComE Iz DWW TRE L7,

2. MEEARE

WEAKDY 7 ix, 2011 4F 11 A2 B AR2EOME
(n=22) . 2014 4 8-9 HIZEEEM. &= . TEO XM
O 05m % TRELEZLOEHW-, S#ILE
/K% Whatman GE/F 7 4 VX —Ai L, £ T—
20°C THRMEL 72, DOC JREEIE, EH: TOC-VSH (27T,
RAMRIN (230—500 nm) 1&, HIZ U-2001 % 7L E— A
SPNCCERHT TRIE Lz, 2 F &7 IE, 0.2um A 7
VA L AR —/L 8 Minimate TFF 7R Y =— 7 /L &
JLAR U (5kDa, 650 Da) 12X 0 2 BRSO RRAN A & 5
Jiti U7z,

3. WRLER

K%z 3 >D5F&E Sy (0.2um AifK, 5kDa 55

105

7K, 650Da EAIAK) (Z5H Lz, EDART MLE
Wiz, K FEE/E EHEEEATARNKE L o
7= (X)), 275—290nm (S275-295) OAJELE, 0.2um 5
WK EARSy T EE Sy TIERE < 7257273, 350nm LA
I (S350-370) TiZ. 0.2um Ak &K FBE5y D%
RIS BTl o o 7=, 275—290nm T2,
TR BERX T VAT Rip EARICHKT D EEDIC
BE2WULAY 8 D . 350 nm L EOZRARIN I 1% 14
HO7IVWEOBRGRENREZLND Z D, L
FEOEVT, ENTHE OSSR AN B MO A 1
MOEBELZRL Z T b D LBIRTE 5, & 512, 8275-
295 1F., PRIk/AMEFE b K OVK O RE R & SRV R B
NdH-o7-,

DOC & 7= v OWIAREIE, 0.2 um AIE/KIZH LT,
o F &l CHEIES . &7 FEE5IZ CDOM A3
ZNWZ L ERL TS, fEfllcA D &, DOC &H72h D
WRIARER T, B o, PoRE R EUT R b i 7L
— 7 ORI THEEIL T e, FRC, BXREW D 650 Da [
I 5 DOC &7z ) DEESNIIT, MOWREL v &
< Fmch o7z,

LLEIC &0 AR D Fi 7= 22 fifATiEIic L0 | kD
AREEWEROHEE., FiCBEEOFEY ~0mH 3R
e X iz,

EEH/KD 0.2um A58 (E4) LU 5kDa, 650 Da R4 538
(R DENRIRARI L

SCHR:
Fukushima et al (1997) J Jpn Soc Water Environ 20,297-.
Helms et al (2008) Limnol Oceanogr 53,955-.
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HRKBICE T2 FRFARYOBEN-RIROF X

TWERE (EEBRAE) - MRACHE (UK) -

Fa v — (EHBROD - AHERE (EBR) - 2T (FEERD

1. [FCHIZ

RO KR DRI 53 % D D2 GKEIE, BEHR
THESOR B /7 LB R B R RE & R0
ThY ., BKBEIZEIT DMENEERD A J1 =X Lfig
HNEETH D, FEEHOVEKE T, TRk
HELEO =2 VO L O R T, KL SR
DT EREY) (DOM) DO fRINKE e 5EE %
He0 25 (BE MO BEE LT iE T Z
v 7 AHERE : Kimet al. 2006, L&O), L2>L, Z D
HEEIL, BT L7 Z v 7 2 (B3R 7 Z
VI A—IEFET T w7 A) ThHO | plEHgKE
THPE ST DOM B3RS N 5 33EEIh Tk
O /NGO RREMED B D

WA, A XY v~ N7 T T — EHEIRE
3t (SEC-TOC : Shimotori et al. 2016, L&O Meth.) @
B LRI X 0 WK O DOM I, &1
DOM (FE & ¥4 1-&AS 150kDa F21) &K1
DOM ([F] 2kDa F£[£) &5 "Wy ORAMTH
DL T&E T, Tex D7 N—7 3B ELER
T, EEEIMFRKEINKEZ T8 L o g 52
B (20°C - W5AT) ZdEH TR Y, F5 1 DOM D4y
il VR < | IREEDNEC H AR CRR R
RUTIC R E2H Xz, — T, EEWMN
KOABIEIK « 3ok, gl E~ ) o
RIKIE D=4y DOM R IR —iE 72 - 7=,
IO OBPREREBHTE A E LT, O
GKEDMKIR (7~9°C) THY /o ik FE 73
VN, @TEKIE TEYF DOM DAERE & 5580 A
S TREDANT ETHREZNTHD, BEX LR
%o AL, ERROMREROZ S AT LT,
WRKIE I T 2 5451 DOM OBRE 2 figll 2% =
EEEME L, BEBWWIAKOZ 4 — 1V RRELHR
B A= 3 i FEBR A LA T AT A S L T,

2. MPEAE

74—V RRA&ECIE, BEEWHAL S (5
He 17B HisL)  DOZKIE 60m 128V T, 2020 4 3 A
~12 AT Tk 248 A 8K - 18l L7,
EHEMA S RERRIT. 2020 4E 3 H (JBERHD) (2
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BB 72k & oralkl & LCEM L7, 9C (5
A 1 2020 FFOBEKEBISKIR) BLO20C (51F
B) OB CIREE L., KIEROEELZ M LZ, ek
OERHEL - I8, 1,5,9, 15,29, 65, 133, 191,251 H
HIZHER L, 29~251 A RIX. £ Ei4,57,9,
11 A (BEH) OWIKEAK L IZIEFRE & LT,
OCHEBR L 7 ¢ —)b RIREORE R A bl L, Thkeh:
TEOH MBS O OB Z 31N L 7=,
JEIEFEHZ SEC-TOC Totr L, 43194 XHINC
Wi akkE (DOC) REZER LT,

3. ¥R
F153F DOC O T O R 1L, 20°C 55k >
9°C B > VEKE KIRIAKDINETHI - 7= (K 1),

X 1: FEEEWIRKEOS A EBRBCRARIIK (F=14)
& AW RIEER (OCHEBR=2H., 20CE K=
ARVUA) 28T D RS DOC JREE DL E

4, ER
FEEREHRAKE C—EIRE DR /3 DOM M Efe
HAH=ALE LT, WOOIKIREREEE T Tl
FHATET, KHOQDAFE L OV AV HE
HTHH I Lr, FROMEIIRT, Wkhos
53 DOM DA i OHEEREZERR L. @y T
DOM DRSGIRT T > 7 A (=HFET T v 7 A+ R,
T EDGIRT Z v 7 R) HREL-T-E A,
AT EORRT Z > 7 ZAD T fEEVVE S 725
Too DFEV . BAKBITHSE SN AHY (LR
FE) NG ESF DOM SH S AEPES L, B A
R —NVTHfREsbs 7 vt X (=&45 1 DOM O
FRAVI-TEER) DNEETH D REMEN A STz,
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HHEORLGLSFERRRISHT HMEVRRIC L 59T

BAFIHR : N(AOYEEEREMEDHREETI

1. [FLCHIC

fEde, AL — T OB G EREER MG S
NOIHEHBTITONDZ ENFEAETHS T, —
05 W OB T AW A PE MR T2 D IS A
BHT LV AT LATHY, L0 —BoMENL—
RFSE DR BT 35 1T D B Wi D e R B O AR D
O TR, e T e A ERTHEEZE
RT-AEIRFBOWE R BT LT OICHLETH
%o & ZTAMFE TR, Rg LRI DM
LOFRRFTKT 20 ISEICER L, A A1
7R AR T X D BRI AE B EE T Y
DFFNTIC L D ZE B e O PR 2 D & L7,
2. MHEEAZE

NAFu FER  EEDOLKEOEEHOEEK
& VR K D B FE AR D FF > A B R IR R o H
— VBT D12, EEEW O R EIK(0m) - FEIE K
(50m) % EHIRIITERAK U T, AR FE G RIH N 2 —
YOSHICIE, AR 31 FEEORFLE OF AR
PEEFND Z LN TE B EcoPlate . EEWNOE
fFEMIRFE (DOC) OFIHATREMEIZ DWW TiE, MT2
T— ', ENFENHWCTREEE L 72,
AEMBEETT NV - BEEFEROMEN O, )3
W DAEBR W ~OBATRED X 5 72 I Pk EETo
XA T v 7 IREBESE —DOC FHAERIZOWT
DOIRPEIR T L PRIz, £Z2C, 20k
PHRRREIC DWW THRICIEE LB ET )V V7 %
FAT LTz, BARMIZIE, S0 — Ko O UGS -IE -
METFTNLOPEZ RN TEEMN A% L LTE
B LTz, BT VTl —IRAEEDFHIET L — |
NERE /A =IOV TIFN R Y S 2 L—v
a A THOTH I E LT 2, ZEMALET 2m &
L THRE 0~100m (2 DWW TET UL L=, BOGHE G
- DOC FEHAEM) 2o\ Tid, POC. 54tk
DOC (Labile DOC) . Semi-Labile DOC, A2
7' )LV—"7" Labile DOC % F\ZFH 7 5 FilEtEfE 7
JL—"7"_ Semi-Labile DOC % =E\ZFIH T 5 7t
B —7 BXOHIEOHAE Th D hE RS
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R OB, TR AR GERR)

EH (HNDELEHE LT,

3. #R

AR FBIEFIRPEIC W TR, KTER CREEHY
WZH B R ZENH > 7= (Bray-Curtis  dissimilarity,
PERMANOVA, P < 0.05), [RIRFIZ, FBEREILEF|
FtE « ZHEErEtiIC A M oE kT, 2<%
BEEEMEIC DWW T 10 AMLO A X0 b A EICEN
o7z (tIRAE, P < 0.05), 7K D DOC 53 fFREIC %F
Lk, BMICRBHKROFHEY ., EREHRkOAHE
ML TEREN., KB, REOMBERED H N
FIHER @ E WD THIERE O JR P i) %
SECTWER, fERIZZE O X ) IICHMAR S O Tid
Mmol, T2 x1X9 ADREICIX, £EHROAHE
M LTI L ISR OMBERE L 0 bRE
OMEFEE DT OFIHE (BE) BRE < RATE
SRR ST, RIEAEMI T LT, REHM
BREE D ORI ED & < . RFT#EL T L ThRn
ZEHEREL T,

BT T L ORT BIE, POC OILREIZ K H3RE
DOIRE~DOWGESIVDEE - ¥ A 7, SREIR
AI2E - T DOC M &Rk M CHEsd 2 -
4 A 37 & Labile DOC 25l 1C & 2 4 2l fe &
#% T Semi-Labile DOC {ZHAM S LD LD /N T o A
{2 & T, Labile DOC %>% Semi-Labile DOC ~® iz
e - BEREPVEC DREDNFHICET T 5 Z L3
Mol EHICHBEHOZETIE, REICEBNTD
Semi-Labile DOC DiEZE 23 #ETe—F ., ATV
TIE, 7K 50~60m {3iT(Z Semi-Labile DOC Dil#
DX —7 BN D Z LB h oz,

4, EXR

WFFE R AEIEIZ NL C 7o BB P 7 RGN TEER M o
TRIE X g 8y oy < oy i A8 1A B 70 A B IR R
(Semi-Lable DOC)2 & FE L TV | MIEHEIZ OV
TUILIRIERELE O T57 5 HE T2 AT PR SR IR O F1) F etk
ME] EEFR ST, IEEERRBIC R T 5 4 1
Ry I REHEL O XTFHINLETHDH LN
R X T,



0-C24

1. [FCHIC

KB ITZ < D RKGEKIA CEROE Y2 5
DAY O SRR, R R AEEDY; & LT,
'E - BEOMmHE CAERRSCHENEER OSSR A - T
W5, TOHRTHIEIIMAMAERROTIEE LT,
FRICHEBEREZEZRIZLTWD, —FH T, A AL
—7w k DNA ¥ —7 U — 0@l ek &% & %
RN, BRI R & AR oo i i R
ZHZTWD, 29 LI Z S RICEE L, B8
W2IL T &3 2 ENA O RKIEH O AW RE
FAEKBRIT, BHOREES ) IET AN 2 B L 72
e B L T\ 2, ARFERTIL, EEKE DM
B D ZERMEC A RBIFE D RTRR AR L 7208 5, Bl
TP 2D TV D TEEWME S/ & - Bla 75
Bhxas| 2L, ZhE TGO ER L
L% OBEIZHOWNTHERT S,

2. MEERE
FEEWMIHOESIZT, 12200 X2 K% (FKE -
GKE) DR 24 V2 TV ERE L, BRI TR
AW 57(0.22-5 um) A L72D B, DNA B8 LD
RNA ZHiH L7z, 55472 DNA X, fEkETH D
Ya—hU—Kv—Frr¥—igmz, a7V —FK
(Nanopore) > —7 % —%& W2 X & 7 ) LRATIC
L7, BONZDNAY—FKETE T AL,
S E & AR E O AZ AW T, &7 AEHR
EREETHTR (BE=22) &fTo7, Bonizs
J A, gD a— M) —RKERWRe 7 ) —RR&E7T
TARA N (oY) $2528T, RwERICHE
F DM@ 7 AR L - EEZ M OE R Z 15
72o —J7. filitHh L7z RNA (29 TiZ, RiboPOOL
pan-prokaryotes &% > h CT1RNA [RE LD L, g
G477V EERL, & TAK1IEY —FD
va— k) =R —F U RAEBIToT=, bzl —
REME LT ) JMZM T2 T £
JAZBIT DK BIR T DT BLO XA R A 15
770

108

HBFRKE DHME D EREBF

g A CrOR - ARRIF) « PR — (UK - ZERERT)

3. #R
va—h)—=Rea T U—KRKDRAET ) LT
7 VIR, EEEWICART D 575 OMER
O ) DEREEE L, o077 AT 21
DOHFEMIZETZYD . JLD DNA U — RO} =
NHOF ) MTHEL W, EBiELN=Y
LD H 29 ENREERE BRIR) LTy AEN
TWe, Thbb, EEITOZERZME - Al
EEERE LS E RS ) A a g shi,
DNA va— ) —FRBIXORV 7V —RDOvwo ¥
YU BIE, WIS EESRE S 2 EITE
I ETREIRWEREMEDIRN S ) Avh 10 HHEIT 1
HENZM AR L2 0 | 400 5L EOREEZR 3 R
LNV T 5D, MOTERIZEALST ) LET, £
DEFALDREE DIRIL S NHL M E oz, 51
FIRHFAERORSRINET R Z — 0, Bz 0%
IO 7 ) DS DOMEER O —28 T
ANV AEGCKE T D IPITH O . FHRIER DO—D R
MEOEAY A X THDLZ ERHA LN T,
RNA O~ v B> 7B iE, DNA ORI /R MK
WIZHBED S PHRD TEWRHELZTRTZ /) LR
BTN RO FIZIEHKBICB W TIE, Mk

BB AL T 2N KRBT BIHL L T,

4. EE®

70 DDSAFMENEM Y A XOHIRE =T 5 &
WO BLEIZIBNT, RAKBE LY BITDDITHEEDOKR
ERGIKED TEEHSHEED 7 —1) &L L CHE
TeRERE A H > TV D TREME S R S 472, RNA v —74
VADFERN DT, FEENRZNEN, LT LD
EMERE N EICEME LW ERHLNERD
A RESRIN D ABEE DO RE % BT 2 VX B 22 AR A3 5k
HHNDZ LIRS, A%OUTETIIANZET
Bohi EEMMES ) & BB TREIZ T
B ARINTHAT L. & IO KKIREKIN & Dk
AT 2 28 2. 5 2 & CL K8 DI R D AR
P EHERED 2R DRI D 5,



O-C25

HMBRKRMOME - 24 LABRNEICE T SREREADOEE

e (HERD, EXKEAN GR), LEREE (EHER)
EEE GRR), HEMRE (FHER), HARGA GLER)

1. XCEHIC

TR BB PR FE A B A F0 U TR 1Rk & 72 B 3R D il
iR & LT, UANVAITHMEE N T 2 RF A LE
& D WIIINE T D M 7 & U CEEREE 2 H
STWD, RKEEHAKBTITRENRKRE S ERD
ZEMB . WETITME - A L A DRERIEZ
DEACHE & KRR TR L Z EAHES T
%, LorL, EBEMO L O RS RIN <L, WE
EIEV R EOSREIRAIZ L o THERAKE &K
JE DN —bEN D, TSR OREERE
HREOELHEEIZED L D B EE RITT O
WZDWTH B 2T LRGN RV, AR TR
WO A BT EEIMERKE L GKETD
1AL Rz 20 2 50 L7z,

2. M LAE

FEE WAL & a0 A (0.5 m) & K)E (60
m) I[ZBWTEHKEIT-72 (2018 4 9 H~2019 4
12 ), #IKZFLL 02 pm D7 4 L E —THil L,
AT AIVAE Gy E LTz, L2 0.2 um D7 4 L ¥
— RICHIHE ST M O REE AT IZIZ. 16S TRNA
BARTIRNT (V3-4 fEI) & ASV T2 vz, o
AV AIEILIRIE L e U A v oL
7 R BOVE TN - L L7, =%, DNA &l
L. virome it~ L7, oy A r2ar 7
# J OFARIFERIT FPKM & L TR, FEiLH %
BER L7z, MR X OV AV ARREOKER - AR
be#lZ %, Bray-Curtis O FEFERLE 2 V7=,

3. KR

WE A 1,608 fi, 7 A L 2% 13,761 fEif55 = &2
T & 72, Bray-Curtis DI EEARATIZ KA A,
TANAL BICEEE T (7~9 A) TlERKE L
GOKBOREN KB R (HIE 090, VA /LA
0.86) \ TEER I CIFHEEN B — b I h7z (RIEE £ 0.084,
TA VA 0.085), MEIR LY A L AFEEDZEAL
FEFERITHR, 12 7 AU E o7z (1),
Tl LBEKBOT A NVAREIT, oD L) eFE
HEEEO DT, BIcB b L, £/, Mt

109

E1 2K LEKBICEIT 2 REREEL
BELEUANATFEL BICRKBIZBIT 2HFEL(
ITEAKE L0 bEN -T2, 12 7 HRIZIZRREIC
Role, BOKETITHENMZEL TOL H Ll L&
b L7 RE (FEHE R > 1%) BLO U A LR
f# (FPKM-based rank 7% 100 fZLAN) @ 9 b, 4 HIfE
FEX 1 » HORES LT,

4. ER

KB OHER L O A )V ABEDO LA E K
JE L HRTPHONTHDOIE, KBRS (K
R, EERE) MEKZELTWANLTHDEHE
ZHiDH, LU VAR TORELLIZFRKE &
K@ CTRBE TH 7o, ZIUTFIZ—EDOWHIKD
EREIR A N HEAKIRO B D HELEE A b ¥ —
BT B2 LaREBLTND, £z, KB TEST
HHIE « UANVATED 56 4 EFREN 1 4 AR L)
BEE LRV E WD FERIT, TRAKE TH—HO/AH
<HELTWDZ EAERBRLTND,
BREZENZ L ZELTWDLHEAKETY, BEE
ZA D SIRENEIR ST L o TRAKE & [AFREIC
Y OIS - T AN AFEILEERE LTV
FREMEN H D Z EHA LN o, SRRITIEKE
TZOEIBRENEDOHENN L > T EEZ
ENTWEIONERALNHIZL TN FETH D,
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BEORERADERICHELEREZTON?

—IR1%E DNA Bffiz AV -EERRAE L Y —

* KA

1. ELHIC

RO FIRD 22% L0 Bik, &I A TR
(Artificial Light at Night: ALAN) %51} T\ 5,
ALAN 1%, FFEDOROEFER D FOIEE &, J8IR
T OITENREE 72 CICHBEZ RITL 2 D L) HE
NhHb, LL., BAIZRWTEZICAERTAHA
Z ARG IC LT ALAN O A2 FH 705
FHNIETE D, 2070, [HRICBEITX S
BpAEO | FAFEICEE LTI ALAN ORI 5 )0(C
725 TUVRUN,

Z T, AW T, B O KK TR 525
2L o> T, AAMIC ALAN BREAEY . 2 b
— VBB N mE T 5 2 LT
ALAN NBFAEDOROAERRITEZ KT L T D)

- K
-

— 5
ENERLNCTHZ 2 AE Lz, fEES

DFFNTIZIE, KA R OIRBER 22 Tk & LT

=2V T TCEAMEPED LTV DB

DNA ot &2 Huniz,

2. MHEARZE

2021 429 H o 2 HWRENZEBWT, AR AL+
P AR D 2K 600m [X[H TGRS F2BR 21 T
ST, FHAHID 600m XX EJiE 300m & T 300
miZ3F BAL, — 5 300m X[ O H g HiS S ER
RERFEX M AR T 7o, IR E X I3t
ZERiE L, K EEKEICHA3 5 2 & T ALAN
BRBE & L7z, JEPRESEER 1 M B &L 2 #i
H CIILIRER E X O T &2 AR 2 72,

HHH BRI TN ABICENEI 4 B W
300m X O H RS CEROK 1T 5 72, K7L
1L, BREEDNA A ¥ N—a—F 1 VI FREEY TV
2 A 5 PCREZHWT, SEMEE T NEIEME
B, EBAIZHRET L=,

BFoN- MO ENENT — % 2 v, FEER
JE R E (PERMANOVA)IC & > T ALAN Bgfs o 7
& ay ha— VB TV ORI A L L
7o £, BONT-EENT — XX, ALAN ALH
DA MET DNA BISEVR S 505D % GLMM T
ME LTz,

(FAER - EFRARRE),

110

PRI (FF R - N FIZEEEEREE AT IER))

3. #R

BRIEEDNA A X N—a—F ¢ VT OfER, 2T
19 FEDO D DNA 23R Xiv7=, ALAN Bghith o~
b ay ha—VREEY AN LR Sz
¥ % Jaccard $2%k & Bray-Curtis $258 % F €
PERMANOVA TRELZEZ A, b LORIER
RITHEWTHFEMRICHERENT R o T,
L)L, BEDNAAZ NN—a—F 1 7 DOT —
# T, ALAN et 7L b o h o — LEREE
YINVOMIT, ZORENRED DY — REOEIEIC
WDV Z D RENER D ST, Ziub OfEE %t
G T o7V T X A L PCR DERENT —Z N5
X, aA LT FRBE LA TF—D 3BT,
ALAN B> 7L b ar ha— Vg v 7L
T, DNA BIZHEERIEVRH 572, DNA & & fEk
FUZIZIEOHBERH B E VI MERH D729,
NHOMMITHB W TIE, ALANBREEE a2 hr—/L
BREET, Z ZITHHE L T = A ORI E
b AREMEINRIR S LD,

4. ER

ARFGED L~ D ALAN 1%, BAEOBIEITH L
T, MR EEZDITEREREEITE 2 TR
WA, FEIZ & o Tk ALAN OF RO A2
B RIELTWDATREMES RIB S N D,

-
—

B ABFTEOHEE
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=B DNA Z ALV

BRIZE D =R FOEMEDIEMDHE

1. [FLHIC

= UF X (dnguilla japonica) 1. HARTIL
BHL L CHEERBVKERERETH L, L1
L, EEIIREBAOLTEBY, BAKSHT=
BT XOBMNBITOITND, £z, BREA
(%2013 I, EEREAREES (IUCN) & Ehg i
Ly RU Z ME 2014 2 =R 0 7 F ¥ Z ik
FICHREL WD,

A, RO ICEREE DNA (eDNA) 28
Ao Ty, FfRNe T 7 A ~—%i&etT
HT LIV BRI T 52 ENFEETH
5, £, —HoARETIIAEMEOELEET =X
Vo 7T 570IlB8HTHD I ENRBIFT
Do

AR TIE, BIRREEIKR =R U ¥
DRI TR ZATV, BR5E DNA & VTl
WCED=AR U FXOEYEOMEHEET 5 2
EEHME LT,

2. M EARE

FRAT NI EIR R 2 e 2 EIF)IIKR T, ik
AT R & 2 O B, &SR OA R E
OSBRI 26 HUSZBE L. Btz 18 Bk
TR A BN U725 30 M &2 s e L7s, Bk
132021 £ 6 H~7 H T, =H U F X OROAIE
TERAKRETo T2, FHURTHOLNTZKILGF 7 4L
Z—ZHWTHEl L7z, GF 7 (/% —/»5 DNA
HHZITV, =R U PRI RN T T A ~—
MW TCER PCR #1To 72,

BOKIRE & RIS EORH 21T 72, Fbh
7ofitik & B PCR OFERMN G 1 BRI DA%
Wi 2 @i 35 DNA & Tdh D eDNA 77 v 7 A%
B L. BoiAT: Tl E T o 72,

111

R AT, R (BT - BT

3. BMRLEE
=R T XOIRATON - AT, =74
Y UFT XD eDNA 7T v 7 ANIEIRAIZ 5 HiSHE
MLTWz, ZOEME, Btk s=hrvF
XOEYBEOEMEKM L TS B HND,
ZTDA, BEDNAIZ=FR U XA EEE=
BV TTHZEICANTHDL EEZEZHND,
Fz, R LY EiRotSRiciB N T=8R
7 XD eDNA 7 T v 7 AOEIMMB R LT, B
B DNA (3 =7 > 7 F X OB E) 2 M9~ 5 ATFEMEA
b5,
4. HE
M TN TR PE T BR RN T HEE LB R T
FRFEO LBIZ L Tz,
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BEXKE LUKz H 1T HEE DNA BRED

UIal—YavEETFYVY

R ED

I

1. [FLEHHIC

AR, B ZEEHICIE, EZICERLTY
5EMH D DNA O Z & & L CERBE DNA
(eDNA) LIRS, eDNA [IBRBEFF CTHOMN A T T
BY., SBOKKEZHL T A0, SFE
F R T CHMRERDITHOIL TS, eDNA 2fiF
IZDOWTDORAID A Zfiffr Tlk, KL, pH. PCR
TV arOREeEN, eDNA S il 2 E
ERIFTZEEH BN LI, eDNA I, Wiii7e
DNA R, K OEREHILN D DNA &7 L, %<
DOHENORER SN TVDE EENTNDN, Zh
ETINODSEEZ Bk Z ST X AZ2 LT
720, HERFUTE T D eDNA iR O RHHl & BfiE3
B2, T 5D eDNA O H K% X545 EBR A
RA[R T D, £ T, KRB TIL eDNA Z3fiRE
BRE . AL EAT o7,
2. MM EARE

[ * 2 fE#r]  eDNA D43 B9 % 5k 30 %
Google Scholar {Z TR LZILD DFGXLDOH A b
Ny TTANTG I "aeFxoy 7 L, 2 KK
2o RAROHMINEET =7 L, DiRERER
ML TW5HE 28 ROGRCARM L-, WiIZ, 2
528 RO D, T EHH L, fgir, >3
2 b—TarwiTo7,

[52BR] Aok, 72, BXO=r hno
— /L& LTORRIKEE 12 RO 500mL R Y B
SR L, ERENTHE L., HEELHEZT-
72X % (Oncorhynchus kisutch) DO & DNA
WrA & UTIPC 250 L7z MVIZERII L7,
e 25 L7z, W0, 0 2D 168 WffE]#£(C
Sterivex 7 /L Z —CaREZJEH L, 1.5mL ® RNA
later % /1% DNA fliH & CT-20°C {17 L 7=, DNA
fliH 12 1% DNeasy Blood & Tissue Kit ZfEfH L, U7
NWHEALPCRIZESTHEF W, IPC, ~7T ¥
(Trachurus japonicus) . =24 (Cyprinus carpio) @
DNA = B —HAx E® LTz,

(LERIRSTIR - A, e Hw

(LIRS R - 15 #EHT)

3. &R

[ 2 & fighr] & FEBIE DI 7= KIE & PCR #EIK
DOELLLABEET RN, — 0, KIENEW
Wi, mfEMEEsih, 77V aroksy,
VME EEMREES LD & D R o T2,
eDNA S EIZxt T 2K E T o7 aroks
DEEINFD O /3R 2 T U7, i
T, FRMEE T TREEORENELS, 7o
Uar Ok SIIZMEERZEEZIT T Rho
7o LU, KBTI, 7oV aroks
iR 28 L 7~ (Saito and Doi 2021a),

[528r] 7= & DT 7 Tlik, Hiflae IPC
DU D5 DNA = B —HUT 55 cmib L
7o, FBRUKHFTIEEL L I Lo 7o, #
Jal IPC D EH L =DM D I H =2 v —H o
HENHLS Ipofe, iz, Lol koEH 5
% IPC £ 0 HHIRRD J5 723 2 B — L D 3 3
< 72 7~ (Saito and Doi 2021b),

4. EE

AWFFETIL, eDNA OFH{bE A ZRENTHYT 70—
FTHREL, ZORREREIII 2L —vard
7 U 7 E{TU, eDNA OF{bE FHl$ 5 Z &
TX 7, eDNA DIRHE L 53 ff 2 PRS2 Z &1,
eDNA ORI 7Y o 7 L RAFICR AR T
V. FEOSA, FERE, A A~ AHEER- R Z K
DEIINT H5Z LICHEHETHD, FCHDES
HEBRSEIRFED K 5 Z2REE E ORI DN T, D
OIATCAFAE &« AR RS/ Nl S 2 ATREME DS
bbb, £i-. HED eDNA OFECE)fE 2 B fE4
% Z &1, eDNA T BT 5 BEH RO S 670 5
FEEICEBRT D, multiple eDNA DOFFHT DOHF 7272 )t
RATRENEIX, A% OEEREA R FORE R R D
7o D eDNA fEMT DFEJRIZE > THETH H & M)
FFLTWD,
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HEYONA ICEDK QAT VEORRALEHICEY HHE

PR (ERK - BT, RgE ERSLK - BRERT)
TEFHE (RERNLA - HEHRAT) , H#HETF RS - BERS)
Gagl Dur (FRfEX - ) , M=TE (B - WA , BIAEE (RlK - 15)

1. [FCHIC

77 DB AT IR, KEARERIC
BOWCHEOEEREE L LT, —~RAEES L &R
BEM A O D TEHEREE ZH > TN 5D
(Mauchline, 1998), RBEZLCBREETG YL 3L 5 H
THRIEFGRZ ZERICHER L T < 7201l 5T
HDLIAT VHEOBEHENRA K THDH, R
B AL <0 A MR 72 KA S B AN 1 A 7 SO B RE IS
5252 &5 (Garzke et al,, 2015, Liu et al. 2021)
FERTROBLEL G b RMBEAH LT L L
NEFH LTS, LnLanb, £ 04,
EHIR 22BN 1980 FERELBRICIR B, RHIOBLI
T=2EELNRY, T BEOEMIERESED
T2 OHEREY & o i A FIfRT I, 2 ET
EREMREE SR D A T B E S e
ofz, Lo, T, EESE D 2 WAYHE O R
It & AIREIC T 5 Tk & L CHERWICH% 5 BRBE DNA
(HEFEY) DNA) 2MEH SN T 5,

Z 2T, AWFRITEEEIN & Xt BRI R HERE ) 2 5k
LY~ eIV a3 (Eodiaptomus
japonicus) DEREEDNA %V 7 /L4 A4 L PCRIEIZ K
DT L, AREOMEE 100 FE12h 7 D18t &R A
7o S DITH AL HEREY) DNA OJRIEZEAL & AR
DERERE®R GHERIC L A E - REHE - 4
PE R « RIEIN & HEREW ROk K DIRIRIN &) % Pk
T 52 & T, HEREY DNA IS e o4 %
FRFE L 72,

2. MEEAZE

AWfGECY~ e Xy oIV arEntd
T2 DWW HEREIE, 2017 I EEE ML 4 g
(222 )11 DKIER 70m S TS - b D T,
2017LB2 & 2017LB5 @ 2 A0 2 7 # k% DNA HIZ
2017LB7 ZEARGMEMICHE L7, BRER L 7 HERED)
DNA H® = 7#0EHE 1em [IFRIZEIY 4315, DNeasy
PowerSoil Kit % iV T DNA ZHfith L7z, & [El, #F
72\Z E. japonicus DFEFF R T T ~— « T —T %
BRZ L., ZHEHWTU 7 /¥ A A PCR(qPCR) £

THMHrEAT 572, FARMIEIL 2017LB7 22 7 & XFRIC
T PERNARZJE L, #5357z s 21%Pb 12555 <
CRS 7 /WZHE- TR L7z, o 2 7 1IZERHEE
EELT-arrsaa T o - mgEEEZ AT
L., FREEEIT T,

3. R

M A& i L 7= 2017LB2 & 2017LB5 D =2 7 T,
KIEFEL (2017LB5 @ 5-6, 6-7, 7-8cm JEYE) Z R
R TORETY~ Ne STy Iy apyEfs
¥ DNA Dt &z, F7=. HA DNA & 1970
FEND 2010 FEOHIFNC I T 2 AFEDEREE®R (AW
B REHE - AR - 20N - IRIRIP) A bk L
AR AEPER (R=0.60,p=0.001), A¥&E (R’ =
0.51, p=0.004), ZJFEI (R?=0.52,p=0.005) L HE
72 BARERR A B LTz,

4, EXR

ZIVETHA T VHDOHEFREY) DNA (2B 3 240158
VEWHEERTRR H S LT S B DMEDNT D DAY, A
ZEI3E A 100 LU EIC D72 2 HEREM D D | BRI >
DEBMICY~ e ST I Y adD DNA &
T2 2 ENTE T, S HICHEREY) DNA O
AR OAPER AR, SRINOEE Z R LT
WD ERTREE N,

AWML TIX, Y~ be T Hr Iy andEig
) DNA IZIRIRIFEClE7e <, IR L AR
RGO, AEOEINEIL, IRIRIP X 0 23800
BOFENKENZ 205 (Liuet al, 2020), HEFEY
DNA 23 ESRTE BN BEE U 7= e i & A R oK #h %
X TWDAREMEZ R L, HEREY) DNA 2K 5 1 A
T VHORME T O Y E BT DRSS S
776

Mauchline, J. (1998). Advances in marine biology. 33.

Garzke, J. et al. (2015). Oecologia, 177, 849-860.

Liu, X. et al. (2021). Limnology and Oceanography, 66,
3783-3795.

Liu, X. et al. (2020). Inland Waters, 10, 89—100.
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1. [XEHIC
FERIZEMIM AN TR LIRS 2N T X

23 B (Gordioida)i. H~%F U Rh~ Ko~ » =3
LV EORB, EBITI LA T REEZFOIEE
HiRE OWNETFAE & LTI b D KAEDRE
Thd, 056, ENICAERT S 2 FE:Chordodes
Jformosanus; C. japonensis 13, TN ~"Trah~
2 Y Hierodula patellifera 3 X A F 71~ F% Y
Tenodera sinensis \Z %A T 2 HFIN L Ao b,

ABFTEIE, AR 2FED Y TR LT OFENETED
SERTEREIC 52 DB OV T LN TH 2 &
ZHE LI DO TH D,

2. MEEARZK

2018 5 2021 £ TOHM T, LB RIILE
(i ARYN=PN S WIN —E S QA Rl Y - Bk i

I T, ~NTeuh~d R 49 ik (FAEK
28 fHIK) . BLOAA A~V pdzE 32 ik (55
AR 1 EK) ZEREL, 70%T % ) — /L TR
RIE LTz, 2O H~Fx VR OINTE D 75 H (7
SRR, AR - &, B8R, BLOEKER) 12
SWTHIE L. #3 Y 7 F Rversion 4.0.3 Z .,

BEAKHEE S%LLT & LI satiir 217> 72, HIE
BEDS L, REEZRTIEL L CHiNEHRE % H
W, A ORI Lo, BIOREIFEROM X &
R DZEZOWTOREICL Y HFAEICLD T 1 A

N —DERIZOWTHRIEELT-, ¥, I har R
U7 DNA O—EhEs 2 i35 PCR & v — 7 &
WX DFARDREEZITHD, NTZERTI~F NG
1L T C formosanus DI VGBIV, A AT~ F U
BIX4 T C japonensis DI PG HITE Z L ZRER L
776

3. &R

J1= %Y OMEREZEIZDOWT

FEHEATIZ L > T, "I ErI~F U BLOA A
=XV ORERE A - EOE S Eokofl & [aE

JRERR. B X OHER L TF LT o TERIC DWW T,

BHERMEREE DN 2 Z LA BN o Tz, T

N)HRLYODBENBEIMEIZEZ HEE

FEERRR, {ESE—R UREREE - a4 bm)

K - FFEREZMDT R TH > 72,
NFErA=x Y ORE

RIS AR & - DR S OOl & BIRFER, 3
FUMERELL TR L2 ATADOTIRIZ OV T, MEREE &
IZHAEX - FFEROMTHEER RO -T2,

FH~xY OFE

R & B2, FARTIEIEFAEXICH L, Ay
& bl U CHBICRTANE L 720, F - [BlFERR
DEXICHOAEENALONT, —F., BIAOTIR,
BLORIER EZA, EREEFEOEI LDk,
BLOBEURERIIIAEERED AN hoT,

4. BE
NFrvual<xV L C formosanus

Chiu et al,, 2015 TiT, AEIZER L, ~"TERD~
X V2t CIRREDN AT % Titanodula formosana
W2kt L. C. formosanus DFAENEEDSFEL &5 &
EZ L, BOBRSKDOEIZAEICERIEDLZ
DRSNS, ARBFRIZEBIT DIEITIC L D &,
NZenlwx ) TRRAROAERERTIR LN
7einolz, WIKE TRE I C formosanus 1, Z
DRBEOMEERE L ORICBARHZER RN L A L
<. FEREE R OMENE EOMEEEEOBIRAIEEIC
BHET 2 LIEB 2T W, o TARREDFAEIC
K DRI R OFRE F 7213 M H3ME T Ff ] 5
D ENRBE T,

FFA~*xY & C japonensis

FRANTIZ X 0 WERE S H12 C. japonensis DEEIZL D
AR « AR O7 7 2 N U —Z8 58 & fExn)
IRATAD Y A g/ NI FF S iz, A &g LT
FAEXOBEEES DI LT ET RETH D
D AE EOPUEHTRICEIT D =R F—D—#% C
Jjaponensis DIHER L7-Z 12k, PHLIC LD
MEMNHEFESNZEEZEX DN, —H., BENCED
DHRED R S IR 2L 72 < | R
LHREERE ) 72 £ 1 EOAEAFICE b D HEEAL B A
Z. BOOAEFHEEZR ESE T AEEEDRH 5,
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P-06

BIMICELT HMIFERC EICEET S
KEEREDRIEGEEDLLE

Ry - EAE R - EARE - SRAREA - FHE- /=S (EMX)

1. IIC®IC

IR O Z N ZROBREEIL B 5 FHtich,
GCEIMIZZEL LTV S, SERBEODZE M) 72 fid
bREL R D, AYOiERT 5 EREEOZE MM 72k
EL, TOEYOBLCHETIRESSEELTND.
W BRI O BREEE, T OBREE & H~THIAL -
BAERI 723 FARD AN H Y, i O]
A RV N S IR O BR BRI e 1 AT
EL TS 7w, EHIFOERMEN TR 720 BT
MENHEEIZA U TR ZREENE LT .
Fz, BRI L7 OER Y A X3 h s <7
DRHETHY, HRMICEBEMNEFEBOREL ST
T, REMR Sy FIROEMEEZ & HH0 55
WEEBZLND., ZDOW, HEHTEEOENTIC
BOWTHEGFRENTE U<, BriEEbrB
ZHRTV. INHDZ ENS EFEICEIS LR
ITHIBLA ISR WS Th - THEEMIZHE LR
T, BB RE LSV, ZhboZ
ED, IS T AEREOEMMEE L, ZOMOE
CHEEICEEL TS, 7, AR TR ER, W+
B, TR & WD B eBER TIE R, RET —
% BB O Z RIS 5 Z & T, &
BREE L SIS T D AEMER L oA KV EE
HCHRS 52 L2 ANET 5.

2. B EFE

EF¥EO 6 W GROJ, Z=F)1, 2=,
Wi, ML, RN OREIRH, Rk, B
e, TR, FREICEBVLT, 30em x 30em O = R
T— b EHAWTKRERBOEERE L, EHERRHE
HEERM L. £, FAEMAORKICEL T, £
RN B 2897 (FREA L 72y, 3Tl oD
TEHLE) R TP LS 2RIHEZEELT
AW BTV D EREAHE & R AL 2 BV CRER
L.

SRS 2 Ll 2 0 JERE T, IRFRIZIR - T
WMESMAT DI ERHONTNDIES TR YR
Ephemera, © 7 % 717 2 V& Epeorus &, VM)
MEBICBWTHEH-@ERNERTAF Iy

Isonychia japonica, /W7 /N7 371/ 1 7  Baetis
thermicus % *t5e L Ui, F£7z, bRyl Pk, 7
TR & EE 3T )1 o0 B3I IE S 3 2 0 T H D
S XAT T8 Cryptoperla &, X =TT N7 7
J& Dolophilodes %Mz 7=. ZiL5HOXSRFEIZE LT
P72 2 BREGAT @ S 3 2 R R oA N SR A o
RIS 2 el L7z

3. WR B8

JRIR 7 Sy AP, TR D BREZZ G i 9 2 il A kB2
\Z, Oy T RRNT & b L 7R, MO D L OB
T LICRFEHESCEMEOE AR E SN TWD.
KIFFRIZIBNT, anTFahsyouinbEors
AR SN, £, YangahyroviEN
PO S NZEREORE S-S DR %
AEAM L7, RIREY, LR, TR 3 o0HEAR D
BREEZ LTS L CTWD Z EDURIE S LT,

W OWEIST HNE X v N ORI RELE L, £
DEMOBEEHEIIREHEL TV 0RHES
NTWDA, TR A el L7 iFge i3 £ < 72
V. AR OBEREEL, BRx RERNEEL TS
7o, UM E OB THET 52 LT, LT8R
ROFBERRIDHZLNTED., ZORE, Rtk
T, FRBUCHENS L CWAHEE T LY EEH
SR E L, 2 ONT R4 TRBE S D E
fefEZ R Lz, UL, &bl B cdh 57K
W L CiE, WENRBEMEEZRLZ. 20
EAIZBI LT, MRIAFORBIIMTHFEL, ~EX
v MEIEBAER TH L7212, EmWSE103 720
IETRIAT ST D Z ST TE 0. ~NEX v kA
e LTHFEEL TV D UMLOE 72 & Otk K i
LT-F O s <, BIER 7 B niiE 2 R 9
M & [FABEDERNEZ Z HND.

A ARSI 2 st RIS E B E 2 R LA ® 5
23, HEE R DI R A8 - ToafEfliE A 72 <
BLREORE RGO . BREOZEMZ B S D
O R O i 2 560 T, AR A X —IT TR
L7zvo.
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P-07 EBMIZHITS WNicrasterias & KU Staurastrum d
RESMEYRDE DR
HE ZERS (BRENZRY), B ERRT), K& BRI B LEE M)A,
WA B (BRESIRY), =K EEEART), 8% AT (BRESIRY)
1. [FC®HIC BEBIZL, HEINET DY AR ELHERTER
FEEW ORI G A TIL, 1960 2 A5 BlIFEET LRV ET, 173D Single

Staurastrum dorsidentiferum HE 5FE T > 7273,
2015 “ELIRE, Micrasterias hardyi \Z1& X #ii> > 7=,
WL e IR TEWY T 7 7 b AZiEEffRE S
i< nwz en, #EHEO—RTHLEEZBN
5, Flo. WL YA E LTINS RAGR 72
HEHIC LD FEPHR SN TWD, LL, ¥V
R E S ERROE S RIE TR 5T
VW, FIZT, AR TIE. M. hardyi B E NS,
dorsidentiferum &> R ¥ L OBREHLMNIT S
ZEERHEMIE LT,

2. HHEEAE

M. hardyi 3 X O S. dorsidentiferum ORINLEE D
Al & AW EEIR e OBREEZE IR & DBIFR A B &
NTT D70, BERKERBRS ORE LR
Bt itttk Uiz, AUBHIAE St.4 (35.18342°N,
136.07191°E, 77 m) 12T, 2018 4 4 H ~2019 4 3
H. 2020 4F 4 H~2021 453 HITH 1 EREHT 0~
10 m, 10~20m, 20~40m D@z, 777 b
v b (v PHIENXX14) AW TERERS
TebDOE W=, M. hardyi 38 X O S. dorsidentiferum
DR, WIFRIZKS S5 Y R © O ERZ G
B Lo, MEOMIEEZ T ENEIGEERE
L. K], TDINJ. TPOs), T ARD EfAERER
TV ARDCRTFEE] 8777 b

(Daphnia galeata, D. pulicaria) DFJE| %@t
e, WIEEEDRE LT, —IEBIBES
TV (GLMM) 2 X DM 247> 72,

VIARA B L DEEFEFEBEREHA LN T DI
®IZ, Single spore PCR {EIZ LY M. hardyi B3 LS.
dorsidentiferum \Zf1E T 5V R EDIEE, WA
FIZEASS Ry N = 1T o 7o, aBHIE
BRSTEEE DAL O I IV T 2021 424 A
2022 43 HOH 1 [ 2 BRI L 72, @k 2 B

-
=~
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spore PCR {EIZ K 0 73 TRt 247 > 7=, BT
ELEYRDELEEORT ZFHEL, XTH»1 D
Xy N =7 REER LT (K),

3. BRBIUEE

M. hardyi & S. dorsidentiferum O HELRF X —2L
L7, 2018 EFEITE LAKIC B — 27 &l &, 2020 4
FEIIRICE—7 22 7o, KIRBERBERREIZIX M.
hardyi 12 10~20m (%< AT H—H, S
dorsidentiferum 1X1E & A ED 0~10 m (25570 L7,

GLMM DOfER, 2018 4L & 2020 RIS L
T 8. dorsidentiferum \Z%f LT AR 71 & D fa 585
EE. Daphnia galeata B D. pulicaria % % D &
RN RO bV, —H . M. hardyi \ZxF LT
(. 2018 4RJE & 2020 4RPEICHE L TH B
RO B D IIIEBIIFIE LR h o T2,

Single spore PCR {52 X 0 M. hardyi 7> 5 1 3H& A\
HEEIET DEBENELEBZ O DY AR EDKR
a7, —JH. S dorsidentiferum D> o 398 3= 5 52
PEREWEEMEO Y R et &z (),

PLEDOKERN G, S, dorsidentiferum O ARHER FE

DEIXY R EREEEHEZ TNWDHEEZD
N5, —F. M hardyi [T\ E T AL 7HE
T, MOYRI IR DHELZ T RN D, B
HIZORB S AN B D,

o

[X]. Single spore PCR {EDFERIZEE S 15 EFHES
Xy hU—7 (o0 :FmE, BHOA  FEEE
EZoNDYRBE, KOO BEMHEEZE 2L
DY RAE, BOKRKI I ST O ER
9, FENTEUT M. hardyi=6. S. dorsidentiferum=20)



P-08

f-btETRBKIZEITS

“RIERFREEOBEBFHE

Pt (RERI

1. [FLHIZ

Bie/kid E ARELIR CO, D Y — % (IPCC, 2021) & L
THHNTWD., — T, KEDEWHTIZY 7
ERBHIBIFAEL (e.g Guetal,2011) , FEKDIF(E
SHESCERIEDEWIC LD, CO, DENEN R D Z &
DTEIND. BERZIICD ETHHETANDHH
BT IZ T O MR E B BT SART D0, REMERICE
FAEENTIZEAEHL NI/ TR, T2l
IXEE O MM S LHOR M E TERENZEETH
D2 END, BEONE RO, FKSLIUK R
DIRFBIRA T 1 A DENE N R BRI BT
5 EEZBND. AW Tz OOk FIEERSE
ERONITHIEHBME L, BF COREDE
BEREIZOWTHREEIT - 72,

2. M EAE

b (EEE I 34.85 °N, 134.63 °E) 1%, &ith
SN D T2 O T, UKL OE B HEAK D3
ALTWAD. 2022464 H 27 BB 8 H 20 HIZHT
T, RO PRGN R E S AL ARRE T OKEE
LS m) IZBWT, BAFBbiRFE (CO)) , AT
fe (DO) ,pH, EXRISEE (EC) , AKifl, K{Z, b
ARRANEE R (PAR) OESBINZIT>72. CO,
JREEMIEIZIX, CGP-31 (TOA-DKK) # Hv 7. #l
I O FJE M OVEE D 2 TREE D AKGREHZ DWW T,
I 4 [BIFEERERERE 21T - 72, N2 CTEBEAKIZOW
T30 2 L DRIEE 1~3 BT 514 > ¥ —
2SI E % Wife i)

25 25 BHRE T

2. Fle—Ho#
RE B 2 oW T,

A ] 208 T

KgAK & EREAKRD

e s e Fig. 1 412 —NIILAERVESE
HRIEETT T arosz. E— HECEHSO
(Fig. 1) . toH—ERY 1=

117

*ETED (EERIX - RREAR, EREZPE)

K- RIEARD, REpEE (FEBX -8B %)

3. WRLEEE
KIGKTDOEAF COiE (mg CO, L) DHZEAL
(A 2=V ORBRT — 5 % 30 /3 EICF)
% Fig. 2 \Z7" 3. CO2 £ 1T 8:30-9:00 BE 1T 5 KA (OF-
#50.68; #iPH 0.12-2.69 mg CO, L"), 19:30-20:00 LH(Z
Ho/ME (¥ 0.28; #iPH 0.10-0.86 mg CO, L) %R
L, 1 HZ&# L CTOVEIEIT 045 CO, mg L1 ThH -
7= (Fig.2) . Z @ HZEEMEAT Sellers (1995) D H
FEOENH (FEAK) OFERLFEETHH-T. B
EBEOBERNE LT, ®HEO CO, EHSLHFOE—2
BN COEARMNERIC D Z &, KIBEIZEES
B FSONEIRIE P~ D BN E 2 Tz,

Fig. 2 BE CO,REDQBEE. BV IFRIOFEL 75%-25% U IFI%
90%-10%, x [FFEfE, -[FhREERT.

BERFHIE A > & — 7 SLAEICB W T, RO
IRFH ~E H 212 CO D R EE & R D BIR MR S 1
7o, ZTAVURRERIC Ko TRAKOFRAENHIINT 5 72
OTHDHEZEZ LT, FUKITHREK & 41 -
17 (EFEEE, JEEK & 3.5 — 15 SR, 17 CO,
BRIERE D> 72 (Table 1) . ZAUIFRMLHE L RO
CO, 2 Eelob &2 b, JUKIFILMOT=
MA~ORFEMIGIRIZH 720, CO, O HEEERD—
DLipoTND EEZ BN,

Table 1 Lith&RAT %IRKD CO, ffE D e

G0,

7/8 7/10 1/21 7/30 8/14 8/19
[mg L]

xE 0.63 0.49 0.41 0.36 0.21 0.63

ERE 0.74 | 0.76 0.55 | 0.41 0.46 0.74

RK 2.74 4.48 2.66 6.17 2.56 2.60




P-09

1. [FC®HIZ

L, BACTHAFRHEOmEEE AT 5 KA
WETHY , wERNOIEIK, BERK, BtE
JEELE LTSN EERKERTHD, Ll
A, WK pH OHPEARIZ L > TR T O A B
ERERLTEY, BREOEITIZL ZKEDHE
ERfERENTWD, T E T, TSN KEEE
RIR 2 FEfl L CE 72y, KEBEITITE S TR,
Z DT, KEBEHR K DONEERGET D 72012k
EPINCBRT e LR’ S 5, AFZEIL, KE THE
TIEHEEL, ZOETVOFBIMELZRGE LT,
2. A&k

BEE CORBERIICE T 2 KE LB O EK T,
AF NG ADEAEBREHEICEHD>TEY ., T
- fEMTCIX, ERERTET IV E pH T NV E MRS
bi¥rETVERNESTHL EEZ NS Y, &
RERET /ML, X7 bR OAERERICHEE L 7K
WHERBRET NV E LI, ZOWBRTHEY 77 b
Y DONERGRE BT T 7 b OEEEE A pH
EIZE VLT 2 ERE Lz, B, BHxElicHE
DU R, I TSR CIE IS KEREEk ()
b T 20, WNTIEEICKBILT VI =L
L5 e, UVBROREEEBE LI,
N OWEENS « KBTSV T, B TS
Lok ET Y OFEREREZFIA L, T
ST DR ENT, KR E 72X BER O 7Kk Rr
EERE L, MNEZACERMIC 11 Ry 7 A $hES;
MICHK 23 & L7z (Fig. 1),

Fig. 1 E7/WZEIT D ARFHE A28 K OShERS 535

118

HERHMICETHKEFRETILOHEE

IR LA - MRBERL - ek (5 RBRAI )
JBAS T - SREEE - B)IR) - TN (W Th)

3. BREEE

T NVOFBMEEZREET 5720, 2017 F 1 A~
2020 4 9 A OWIRICHEZITV, FHLUEOEREIZE
\7 % COD DBIAINE & FHEMEOHBIRE 2 R LT,
Z ORGSR, AL KB (BOX11) T O AH AR £
0.20 LIXW\S, ZHLIS OIS TIE, 0.42~0.73 T
Hoto, -, WLHBOXS) TIEEHLE) 2 FHEL T
XTIz U, ALEEEREAKIE TIE 9~10 A OBLRIfE
([ H~GHRAEITAR > 72 (Fig. 2 FEY), i, b
AR T, BT DR IR AR SE L, i
DAIEIZ A~ COD IFFATICEL 725 72, &
TINZEIT DB ERboTe,
A%, ALFEEAKIROKE 22 & OREZITV.
ARHIRIC B 2 EI R L ONZ OB SR
WEKIRC 2 D EBEE LD, KETHIET LD
b Z1T 5> TETH D,

Fig. 2 &7 /VEHREAER & B O b

SE 3 #

1) JEe R A A 70 3 2 S o (i 5 U
2) Sutani et al. , 2013, Japanese Journal of Water
Treatment Biology Vol.49 No.4 109 —122

3) MEG (2007) KRTFm3CHE, 51 &, pl367
—1372.

4) RS (2022) AAKBRETAEE
B, p235

5) S (2005) KRB, 342 5. p82-99

56 [EI4FEAE
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BHTKRIZETSVENEREZER L]
KEDRZRMTERELET) VY

*EAH (RERAXF). BETE (RRAP). REEX (ELREHRE

1. [FLHIC
WARARERIT R X IR AR —E A2 L T
B, ZOBRE, WS, FEREZ BRI 5 E T,
KEIIMERRRIERTHD, Vo7V 77—
K6 KE OWREE « 222 — 2 25D 12012,
ARIEC X DS TR 7 e —T
Tho, FElbTix, —MKICZEMB CHEBED RE O
HEEDODITKAFT D EIRE SN DD (EFIE) |
WHIEREN B 556, IE LWZERAH &2 )T & 4
FHNAR O BEC D ATREMEN B D, PRIy Il i i
78 EEBHT DM YOKRIER b AT 545
A TOMBENREEICRDAREERS DL, ZhvE
TYBRRERE L L CORERIIBE I Ty, &2
T, AW TIIAKE ((BFRIEHREEKE - COD, Y
VIEREY 0 PO4-P, fHEAREZE : NO3-N) DZE[H]
Wi ks X ORI Ic W T, etk 2 M B
BE & U CHERET DR w7230 (SPDE) % A
TR IEZ YK RICHEH L, &7 — A TRFY
TR A (RMSE) & TPlll-SA 7 2 (BIAS) (22
WTET 5 Z & TR AEIC OV TR LT,

2. MHEEARE
THEALVEE S AL®E U, )1 & 8 2 3 TR EE K
R AT R L Ule, ABFZE TIXEN A TS
RET—4 (100 Hi5) SATBOKET—4 (11 H#
AL 2002-2020 A7) AAEAH L7-, BP4A A CIL, COD
& NO3-N 1 ZfliZ DKEMELETH DN 7T A b,
PO4-P (3N IV T A NETITEV T T o T V—{k%
HANWTEKEOREZRE LT, TET —ZIZON
TIE. BIAAEREH JE U OFEEEE 2 v 7z,
AAFIECIIIEE S 7 EMMBEZ2 T VIZBE L
7o FEEHACE TIX, NV TN 1T 5 Z2HIFHES
DOHEPHZMRD TS FTHZ LT, NYUTEAT
IEBEDBIRR 2RI A ED (92 L A AIRE & 72
Do NUTETNERBLT DMy HRERIL. AR
FRIBICE VMRS &R TE S, ABSETIX, WL
R A e r— =AM ToEl L, AIRERELY
WA L7e, RFETIE, 7—%D 70%% hL—=

119

TT=4. 30%&T AT =2L L, TAIT—X
O TR & BLIHE 2 5 BIAS & RMSE Z2EH L7,
WEHEMTIIR E RNy 7 —Y INLA Z N TiTo 7=,

3. #R

AT OFE R, TS OFEEECH % RMSE (220
TILZEREIEL & FFZE R ER O W T ORE S
FERY T T EFSRETH T2, 22T
{EDOGEIIIHBEREL BET L2 L2k, T
TONKEEEDFRENCIBWT BIAS /NS 25 2
EDIRENT, BEEHT — % L OFEAETRICKRE 72
BEN OO, Bz Bt 1§ TH
oz, —H, MEMPEBILOGEITIE, NV TET
NTHIEANY TET LT BIAS (XRRETHH T,

4. ER

FICIX, JiilgZz A CHiET % 2 Ol
BCEHRHE RN R DIGE 08D D, FREEITT 51
JITIE, B e TR CEWEERH Y |
COBFEWNBFEICIRDZ END D, EHTEIRLOY
BIZFHEANY TET N THAEM T — 2 & DFRENK
L R ToDIFEF DWW ML ZidLd L 572
BETCTH Y . T DN 5 OZEMARE O
BEZITTELIZLDOTHDLEEZEX NS, KFZER]
b DHA TiE, RMSE & BIAS O FIZEWT
IENRY TEF IR TEF I L RIS OVEREZ R
L7223, ZAUAHRICES U CRER T 1 o1 3 b F1
ARECTH-TmZ Lizk B EEILND,

ZERRY « REZERIH I EORE RN DL MR OB
HEZR 7SR E IR W CIEREZ BT 5 A U v M,
ZF v Tay bTF—=FZD X I ITIERNBIESNT
WOHGEICRICIRE THDH Z RSz, 7275 L.,
ReZ2 R bIC BN T, FEANY TET L L RIRREE
OHETEBETHY ., HE X MIRLTHD A0,
FTANVTETAERHT L Z L3RI D, K
FFE TR LT N 72T T K BB . K
BT D KE T TR LRSS AEYERE R &0
HEIZ L EHTEEAEOEHNFIETH D,



P-11

*Fh SRR

1. FCHIC

B K COBEET A BRIE, 0.02~0.25 mM O
&A%~ 9 (Ning 2005), Z D72, AT A B
ITHER S L CORME (1.42mM at 15°C, Zuhl and
Amajad 2013) ([Zl 72 2V EEFIREE CTH H 720, B
BARPOEEr A o FIRBIEEICHER T A
iz (MSi; HaSiO4) & L CTIFET % (Philippini et al.
2006)

— 75, VKA EHEREY D MR ClX, BAF
TABEOPRENEFREAHEE 1%, BBl Tnab 2
& DFREERICBLI S v 7o, FRIS, BIIRE & BEURIC
F I D HHEO AT BRI 2> & o A B O ViR
Z 2 (5L BB T 5 R OVEAT 7 A BE DN FREIC
B S, WEBREE TORET A BOMETRIX

WZBRBIEIZRE L CDTF A THY  (Park
et al. 2020), HZFKIE EFIC X DAY OIEMEL &
AT BRAK R DEEAE T A FE DR FER M T %,

AT TIL, WK OB L AKSE & 7 A
fele E OO EBREIL, Zh b OBERMEZFAR
52 ET, TEOWHIEHEREY )~ b OB TR R IS
DA A W OPRAERRNZ DOV Tz,

2. MEAE

PR U T HERE B URH IR RINC B 0 B Y, &SR
Bk CAMM L 72 (Sugahara et al. 2010), FL#%0.45
pm DY PP T 4 v H—F VD TRIBUK & Rl
L7, LMK D 9 H S mLIiZAF LT
—YEIZ K DAL KRFEOREIHEH Uiz, 70 ORI
KIZ1% HNO3 % 0 2 S A& IR EE A 0.02 M L, %
JEICEEE & ICP-AES i GRS 7 7 A~ iF50k
IR WK DEFTABOWEEITo T2,

ARFZE T, IA1E 7 A BROAL AR &2 R D 3 D%
L7, ICP-AES I ETHIE L= A %42 %ﬁ#%
# (TS1), WIEIEEEETRIE Lz A A AR5 1
A (MSi) & L7z, £LT, TSi & MSi DR
ETCHRESND T A BEEmy TR A8 (PSi; N&
U EoFY I~v—) & LT,

120

FUKMW DR & 1T 5 MK h O ETF 71 O3 iR

, EIROES, B8, W s (BRKEE - BY),
il A GrORBe - FEER),

EF & (BRK - EsRec)

3. BREER

B TORERHERD D, T TOPFERKIFAOH KM
BAKH COBRGEr A8 E D > ORE AR NE
EAE—HLTWD Z ERfERENT (Fig. 1), £
7z, EOMTHRMALKZNBRETHRFEL TS Z
END, WIKEREIIEREOBE I CRER TH D Z
EWGrhote, TOX DT, MRS OWIE MK T
DEIFTABE U » OZIRR IR EREINE, HEHERL
W OBREEAL D3 ALK FEI LV E I S Uhi bk
\Z7R 5B T, SREWICE LTV AR e Y
UISHEBUKHICER EN S ORFINTH 5,

Fio, W27 A BBOGAIREIZDOVNT, SRl &
H ¥ 0D T JES R B RS IR A7 A T DN VR %
X TCHEL T, FRZ, HOYE, & TOHER
WITREE & o A B DR % 2 5L BRI 2 mii
JEDWRIFr A ISR STz,

AR AL, TOEMELER D & EGISH
X, EAEKT A8 (PSI) 2RI 5780, &K
51 -C ORI BRI OVELT 7 A B DALSEFE O 434 %
E LTz, Z O, RAKIMOWIEMBRAKH CTIE, TSi
& MSi O DOREATIR N2 o7, ZDTD
PR IE MSi 28 {ﬁﬁﬁpf%ﬁxffﬁfbfb\“(%
EASONIE Z 53, TSi 2 MSi & L TLEMIIE
FARERBRBE CH D Z L VRIB S LTz,

L. Nakaumi
L. Shinji L. Hiruga H,S +HS" (mmol/L)
0 4 8 12 16
H,S +HS" (mmol/L) H,S +HS" (mmol/L)
Si (mmol/L) Si (mmol/L) Si (mmol/L)
0 05 1 1.5 2 0 05 1 15 2 0 15 3 45 6
0 0 — 0
z 3 z 3 z 3 r
2 < 2
£6 £ St
3 3 3
E E ER
5 k=1 5
51 51 |51
@12 @12 @212
15 O 15 — 15
0 01 02 03 04 0 04 08 12 16 0 04 08 12 16
P (mmol/L) P (mmol/L) P (mmol/L)
. 1.42 mmol/L
O Si O P A H,S +HS (Solubility of silicate at 15°C)

Fig. 1 #VRKIMCTOWIEHER O BB O¥AT 7
AFEE Y v, FALKEONESTR



EHEBEEZRAN==HMMED A2 VI DOERIE

1. [XL®IC

BEHEHTATHD A X (CHy) IZIRELD
23%IZHEGT 5 EHEE STV, CHy IdBfR S
TC CHy BRI L » TAER S L, KT 72 1
T, 7DD X 5 &V KIED B $ %< D CHy
NEH I TW5B EE X 55 (Itoh et al, 2017;
Ecol Res.), AARIZIZHI 17 FED - DMMAEE L,
FEIC R IRIZ1E 24,000 fHEL 7= dH 5, L
L. /B2 7= DMLl CHy D RERINZICH FNTE
53, ENO T DA S O CHy fi i 2 1) L7
W72, & TR T, 729 #hd S D CHy i
HEZAEL, 2OBREET OREENZEET
D,

2. MHEAE

AHIFSE Tl e i N )N AL 3 2 7o it
D 1 >(ih) T CHy i B2 RIE Uiz, A7 3k
0.8 m-2.0m, &K 0.7 ha TH 5, BUNTHRIIMK
GUPTFETH DI EEZ Ao, ifE B kIEER
B R & RRIREE DLW 7 T v 7 A (k&)
ZEPERET D HET, 25 O CHy S &%
30 S EICEBECHIET S Z LN TE D, JAE L CH,
REORIEICIX, T E M5 R (CSAT3B,
Campbell scientific Inc) & A4 — 7 /X 28 CH, 7t
(LI-7700, LI-COR Inc)ZffiH L7z, 2021/3/21 226
2022331 IZBWTHEL, 7T v 7 ADT7 > k7Y
YR =AU T)EEE LT, ML DT Ty
I AL TR ETHT —ZOLEER LT, Tz,
SRR, EOE, KUE, BERL KRS O THIE LT,

3. BREBE
BRIV T, HIZCHy 7 7 v 7 ADHEK
DEONTZ(K 1), KiBEE CHy 7T v 7 AZIIHHE
WY KIED FFITE S T CHy i BRI TR S RIS
HOIZIEIN L7z, 243 CHy AR R OVEEN 23 KIR D |k

FAC R o THERIZ R TeTe D2 BERZ BN D, FTo,

PR RICREDR), BB E (U R)
TR 2 (JRREIRASZN), /IMERET- O R)

CHy BMFIZZ L &N TV 5 6/8-6/23 (IR 1),
7/3-7/18 (1 2). 8/2-8/17 (HIfH] 3) & E N Z ik =
L. B, BaR, SEE OBFREF~Z, CH DX
PREEIRER T IT N T VRS LR D VD . N T LG
PEITRED, PEHUTEGECRERN ., AU O fPNES
DIRGNEEBTLEEZ LD, B 1 CIEEER
K&, BHEFHEOKBAES/NE 20 ko
BEDELTLEEZOND XA I 7 TCHa
STz, I 2 Tik CHy it O 88K ORI e
BB H 0 . M THIVWVE S 23kRE L Tz
LEZoND, HM 3 TIIENEL 72D BRIC Nk
BABNNEL Ipofc A 2 7 TEHL O CHB K
HENTWe, 7z, BUIMIRK 28 L TRER W
& E 1T CHy DRI S DA & - T2,
Fo CHy I EIZ DWW Tl YA |~ L bk L7z,
RHRICH DG T, HEMICAATVICE D
CHy B & TW S RERTLISAN OB TIX, 8 AD
B O R IEE 0.25-0.39 1 mol m? s TH o=
(Iwata et al., 2020;
Meteorology.), HADKHMNSLD CHy 77 > 7 AD
8 H D% 0.18 u mol m? s T ¥ (Iwata et al., 2018;
Atmospheric Environment.), H[E B O ZFEUL Tl
HO CHy 77 v 7 ZADFEJfEIL 049 p mol m? !
(Zhao et al., 2021; Agricultural and Forest Meteorology.)
otz MOED CHy 7 7 v 7 A0 3 AEHEIT
0.2-0.6 p mol m2 5! Th V(X 1), AL DU & [F]
FREE, KHELLEOED CHy ZUH L TR Y, HER
CH4 R Cd 2 FIREME DS R STz,

Agricultural and Forest

B 1 2021/3/22-2022/3/31 DA HD CHa 7 T »
7R
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*HARDEA

1. ELHIC
TIERALTTE, B - AT - SRl A AL 2 F)
FIER (LT TE] ) )&, R & VTP 2 08#E 5
DIERH) 8 km O AT TH 5, H#EFIX KEH
WIZAR D BREEEEDO KB B) ITHEESNLTND
DS, HHEDIEE DFRIE T b 5 A LR E R &
(BOD) 2N ELHEMETH D 3 mg/L & i L7 RED ot
WTCWD, AHEPIEEOER E LT, EAFI
AT B3I« B D> D D AETEHEKS T3Pk D5
DEZHLITWD, £, B ORI T A
MIZETLIEREDILN > TR, (HERO—KTH 5w
REPEDSRIZ STV D, SEATAIFZEIC C 2 s (B8 Al
EHT, EASEE RIS I D EE ORI AK O K E R
ERTHOITIHY UV - B, 2021) KKK &
VAT SR 2 Ff > 2 LS FER ST\ 5, —
77T JEE T ORIBUK OEE TR OB E O F (2D
WTOREIIITOR TR, Z 2 TABFZE T
AR AL, 2D HARE O MK OKE FHA
JOUKEERIE %47 9 Z & CIREFOMBAKD LT
T TOBEOmME 2R L, 587 1t 2O
EROLHEEHMNET S,

2. MHEEAE

AR HS T HE R AL VE AL & T 2 IR & T
Y AU T MR & - 2 HUS A E O EE 9 HiR
THEME L7z, BHEHA T 2021 410 A0S 12 Ao
AT > 72,
BHSEOWE T 0.5m, 1m, 2m, 4m % HRE
ELEAHEEHBALEIN D, A9 1T VPI3 Y
B OEEA 20 cm A ALENCIN L L7z, BilgH#A <
BB D DK Z K L KR, BRUREE(EC),
pH Z#E M KERHZ L W IET D & & biT, K%
BIE Uiz BRAK LT3 UBHIAR U A8 CHEfR L, M4 H
HZ 1/50 N HoSOs i EEIC & Y HCOs A AV iRE %
EEL, £, FEBEA A VIREEZA A 71
~ M7 7LV REL, SABERRKFIHCL DA
HHEIARRF(TOC) & JIE LT,

FRERICE TS5 ARDFEORI

CROCERRL KR - 28), BARGUL  CRUmtERAH KR - )

B 1. A 2 MR OB T L (B (m)iL VP13 O HAUTRIE)

3. HRELEER
AR 2 S OAKE - KERIERREZX 2 1ITRT,

8 - Abl u.-s; K* * cr 5(mrqfl,l
e e T 2 K =
- 6 L Mg* S02 3.0
E
= TI -
e 4 g% 9.1
37 29
30
0 0 )7
ST LA R 15 fE R
X 2. AfiE 2 HiSIZ381F K - KEHE

(BF1E TOC(mg/L), NAFII~XHF AT 7T L)

SEIIARE B ORIBR K O TOC 1 EVRE THRIFIAD
TOC [AEL EOEZRT Z ERMERINTZ, Ll
TR ~DKEAFE N S IR o T T2 D JRE
ZENE T NI T D ATREES 22 <L ERE & OBl
REH AR W2 &AM DL L T TOC %
RTEEZBND, —H T, 1 BERTORK TOC
IRIRES CIBE TH DI L b b I TRITK
® TOC & [FIFEDEE ~T 2 & DR ST, RED
(I T OZKEADEIN L, D2 FRE T /KN #
WA LD BT L B RIBRAK SRR IE T
HEEZLND, Fio, MIBRAKD TOC (XKD
TOC L RFE L ITWV R, RITKERRTHZ L TH
AR BEOBINCTE L Tnb EB b5,
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BRERKBOMEAFEAIZFICETSEPH LTOEE

* RARIRAY, VepklEess (00 A ik - BREEME ), 2IoCH (Z8EAR)

[FL&HI
F AT (2R, R 1%, BRORERCE S DR

RADREMFROM KM CHD, FHOE
KEITdE 1 NTIThhb7zw, @3 0.5~1m,
ST 1~2m BETHD, BS1T 1 km 2z 50
DHd D, KIFITHL I R3S, BIFITILFRHR
HEEZONTERY, ZHRASEICZ<BFL,
g B R, 2R B, fE RIS RAEL TV D, Hill oD
KRR DO EZE ik LIz R’ H 5, Ll
R, FAKGE OB T AEE AR ~OFIH DA 72 <
720 FEAMEDOMLEMITHAD L TN DT, FEE
SNTHELLEY, BRTHLIHEANGHD S
NV T2F0GH 5,
ABFFETIE, BAK LIC S WHlTR K& i 5 1
BAKTEDEANFIORMEZ AN LT, KEFE
EHOMNITHELE LI pH THLHHEEBICS
WTEREEIToT,

2 MEERE

FAAHIY, VOH T EITIC S 5 FiEE~
VAR (K1) RIS SRR S LT,
FAATIL 2019 4F 5 A 225 2021 4 3 HIZEF 13 [H]
Jéhe U7z, KB IZKIR, pH, EC (BR
{RIE) DO (FRfFEIEF L) . U > % (TP, TDP, PO4-
P) 2£35% (TN, TDN, NO3-N, NO2-N, NH4-N) &5f 10
HE & LI, v AROR S OHIEIE 201945 A
2 HIZ30m ATy —&HNTITo7,

X1 fEmEAERLEA

3 BERUER
3-1 FPlaHa

3-2

123

MEH~ RORIZHELZE A 485m
Thote, I ENDIFFEATOERIUL 1 A (B
N5) LRI o723, EAEOH M
DIXERINAS 11 AR CTE T,

~ VARWEZ T N A KEZ IO TH S
MIZT D728, ~ AR A, PNER 8 Hi T
KEATOTRER, <~V ANE T T E L DIC
DO & AKIRICE TR —ETH Y DO 1T
TR TdH 7=, TP« IN IOV T b B THE
RBINmoT-T2, AT OO ERE
fEELTHI Z L& L,

F ANEDOKEHE

~ AR OKIRITIARAE 14.8°C (5 H) . @A
19.7C (9 H) TH Y, it FIeoFnEH oKL
ERARAE 9. 1C (12 H) . &=l 22.4C (T H)
Thote, TATLMZ L LRGSR, FHilZ
Ko TEALDR DI WHLE I K ER DRFPERB 57 &
Rolz, £77, pHIZOWTIE, AT ITEALE
4.61, EASCOM T 4.86 & L HIZIRVMEZ R L
7o LU, WKRHICIRWTIE, #TIL7.84 F
TEHEL TV, 202 EnD, FAEOHT
KO pH OFEIZX Y, Wit FEoid K& <
WRBEZTTCNDLZERALNE ST, ZO
BHIZOWTIE, RARBICHR LR ENTTD T
W52 EICERNT S LHERI S,

s S L7 RIENEINSIRAT 525, p
HZ2OWT, o)l & K& ZR2ENITERD 5 i
o lztz®, BN KE2EITIE 2 T
W, F 72, INIZ DWW T E AT T 6. Tmg/L,
WER)IITIE 4. Img/L TH Y, K 22E(LILER
HARWAS, NERIE, T~ 2 78 ClLan iR ig
ZEHHK 10%125 LT NERIDIE D 23K 85% &
mWEIG Z T,
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1. EC®HIC

B =5 T O e B E 5 = 5%,
BERBEALZBKOWTHD, oL, 7420
FAEDFIFRHENTWZA, BIEETIET A aicffbo
T UWNARATER L TWD, 2D “iE, 2000
U B IR EBICHIPE A 5K L, 2008 4 LARE (i 42 4
EBOWOLTIEE Lo TV D, AE T, wit
W SEE L CE - RIIMICh o2& T — 4 = H
W10 AERIRE SRS, T A I 8 AR LT IR (5
L), 7 A ORAEBENRD LT v DOBESLN
JERUIZ USR] GEIH) . b v OB L
P& Zp o o REH] BT 12X L, KEIZOWNT
BeP - gt Uiz, Eio, W77 7 N UOFEORERK
B L OB DWW T BT 24TV KE & D BIfR
PEAFAM L7,

2. MELEAE

SHHHERIC T 25 KERER A 10 FRFETX
L. BHIFIZHOWTtREIC L DA B EZRE L
7o Fio, W7 T b OEES AL 3 FEIZOW
T, WERFIDIRNT 24T > 72,

RISl LT — 2L T L B0 THh D, /K
BN AL, REFE S BikE, Jen v 4B
L aF /A4 Rix SCOR-Unesco iEA AV,

[KE]

MM 1988~2017 D6 H, 8 A, 10 A
X4y 5 1 1988~1997 4
# I 1 1998~2007 4F
I - 2008~2017 4F
s =
HE KR, pH. #EWE. SS. COD. DO,
TN, TP, CI, /mn74i(total,a,b,c), HnFf
JAN

(> = > 7 k]

M 21999 F~2017 D 8 AR LV 10 A
M o = TEE
3. &R

T A a BRI AE L TWEE T e, 742

MWD LI BN % e 5 &, FUHTa

ZHMICBTHE O KEEMEROKEDNEL

*RABE  (WEIREEREN S v 7 —)

w7 4 VENMEDNS T,

b OBESERER LT U750 T & R#pEIc
JER L% OB M T, pH, EHAAE, SS, COD,
TN, CI, Zer 74 b0 ued /4 RTH
BENMER SN, —FH, &7un 7 LESEE
RCHEEENRP T, #ERO—HZX 1ITRT,

Fr WM T T 7 R ACBLTTE, BTN,
BEEME S LI DIEE A E &2 5D TWER, &
LIRS, BEEEOMIRE A B L, fkile O )3
BN TN,

4. ER

FIMMSEIMCETL2L27007 4 VED
WX, TAIORENREIED L2 & &S
T 5, B, T AT 2002~2017 FFIFEH ST
AN

WEOWEICED L, TAHaANKET L L, KE
[ E + 22 FE ELBAR OB L Y pH. SS, COD.
TN 2L, EHEMETT 5 L WnbhiTnd,
AWETH, ZNHOHBIZOWTIEFH T &I
O CHBZED S S, BRI MNEEL T
WhEEZLNZ, -, BIHIcBW\WTr7anr T
A NVDBLRIRT A ROREBIMB ST
K& LTiE, BRI | SmsCEER N L7
TUNEEL WD RSN,

B AHRICRET 2B KEDHOTRE LA EZE

XOARBFIEIL, TR A TR IR T/ R iy
IRELSZE R M4 12XV M L7z,
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BREHNNDERBERAIZHES

WMBEBROELIZTOVNT (XML Ea—)

1. [XCHIC

FERA I TKERAR . HEKBISI e SRk x 70E
FAb B (R SR AN e S 41T & 7o R M?k@%yfe
U UREORT, BHED EH. FRERAEEOW
DI EOKEEEBG B AN TE T, L, —
U5, FEOE T 1980 % B — 7 122 Dk
WAL TEHEY, U AREDOBAITBIE L2 e e
STW5D, WHANETIE YV OBELEDEFTRR
XL LCFRRBRG DS - U VREERE TS
AN —ECTEmINTND BIxIE, TR TO
PO G 72 &), ATl 7 O KEG IR O N
Z BT R B A AT D53 (%%ﬁ) 73>TT
DIVTWDHEBIND D5, AFFTIE, BARIC
I8 ROV T O R %k@ﬁu&f@ﬁ%@
Tz at T 5 2o OfFHINE & LT, HETo
REH AP ERERPWEG VU KT TR
WTXR L B2 — L7,
2. Ak

Google Scholar 5 2 OF Elsevier Science Direct D3
BRFR 2R 2RI LESMIVE IS 3 1T 2 SR B B N SEBRIT
BT 530 AINEL, LE=2—LT,

3. @R

71F 4 D Kootenay 1§ (% A, Ak 389km?,
YK 94m, FFREERT 1.8 4F) Tik, MR ZHIC
FIoDIZEFR - U B RAT 2 KB ERITDN
72 (Bassett ©,2016; Schindler ©,2020), & Al
1992 570 B BAG S 4L, 4 bilkfch & b s, &A
BT AMEAE 20~50 t . ZEHRDEE 90~250 t 2

ETbhs, ®EREEELTHRULNZVWEIRET D L,

KEERANCE > THEHLTY VREIZEEZ 2.6
pg/L O¥IN, FEFRPEITBEZ 11w g/L OHINIC
2%, FEERITWNANRH Y, FkBETHDT, B
HIEIC72 D, REEBEANIZL DO T-P, T-N R

DEATT — Z AR+ TR T & R o T, ji\

T T N OEIRBIEE X, RFEER AL
S THEML T\, N:*f’f(kokanee)@@%??%!i@\
RCHA LIRS R, BmL T,

AT HEOT v —ilf (Z LW, KT 83m, HFE

FRAREM (REERK - BR5D)

464km?) TIL, 1999 40D REHOBEADIAE Y |
BAE bk & Bbivd, Zoch 7y e —illE[FH

CREIC) VRELERREZHENSEDLEDNR
BENEASN TS, TP, TN, D-NEBEDOE=
2 7T, REERAIC L DT TR
Sl WMT T2 7 b DA FRY 2— A%, %
BB L DT TII R o7, BT 7
I N DNA F AT ONT G EEERA DR
RITWAME TR o7z, —T7. N=V OB FEITR
BT X o THIIN L 7= (Bassett ©, 2018),

K [E D Dworshak ] (& A7, mEfE 69km?,
KR 62m, JHREIRER] 10 »» ARREE) Tld, REHEEK
AD3 2007 FED D 2010 4ED 4 FERIFEMm I iz, Y v
BRIREIT, REEBEAORBIIAON -T2,
yman7 )b aRESREHBRADHRIZA LN
R0 T, TEIBREA ML L, SRR A
LoTmE< RoTe, REEBEANCL T, M7
YU N BRRDNA F ANTEAIT A B IR Do
e, BRONRLT VY T T 7 b OFEIG 1T
ML, BEEEOBIGIXKT L, 8777 b
IZOWTIX, 87707 bkl vy a
DB T, REERAIZ L > THINL, <
=W OHEBFRIT, REHEBEAIZL > THEML
7=(Wilson &, 2018),

4. £L®H

el NOST S PN NP SR PNEL kLS
EELDLE, OFFH -V VREOEMIT AR,
@7 vr 7 4 alREOEIT R, ONEERE
B Ol a0 B3N, @ORE ~ 7 v 7 b AR
BEEOEIT AR, @R~H3 N 7
Zr 7 hroBEIEIEEEM, @877 s o ofi
RBUE FE I3, O =57 OHEEBUF R ITEIN,
L%,

BE 3
S BN R MOK ERAR & v & — T FK AL B iRk o 5 7%
WA KD 2 U G~ REE MG R D KL
https://hyogo-nourinsuisangc.jp/seisan_gizyutu/suisan/setonaik

ai/02/23/1298/
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WA Z, d—H, b GEEIRREE - B57) |

BEKp A FILKRR R VBEROBMETE EXMRE L BE

ANTE (ROR - REWEEAT)

A HEMLRR - B BED), *URHEE (R ILK - Bi50)

1. [FEHIC

AFNHRAR L (LT MPn) [IHBEREY v 1bE
WoO—FET, VBOKERE ((OH) B—2Fi A F
VI («CH3) ICEH STV, C-P AL EM
WCEETHY, £z 5 Iz nEZEZ LR TY
72 LML, iT4 MPn 23 P HlFREREEIZHVWTCY
FEOMRER P AT & L CTHRE T 2RI R SN TE
7o F7o. MPn SR ICRIFEY) & L CHERKT D A ¥
VU ABZUNT Ry AR O L L THER SN
TV 5, B FEREC X - TREETIZ MPn &4
SHAEMPIFET DL LA, FEERIZ MPn
FEERELUANIEE LRV, BAE LT, BED
® MPn MHAKIREE CTdH 5 72 DR OWPE FIETIX
ERPHEEE RS TH D,

AMIE=E TIE MPn EEDT-D A A7~ T
77 4— (IC) &K kg () AR LIk
MilEZ A G OE T ERIELHE Lz, L, '’
FEIET & D IBIIER A 50%12 72 2 JRIKNZ W IR
DEEThH-oT-, &I TARMRIZILEMEICLD
MPn [EURER DM L2 BT & & HIZEIERPMET
T2 ERIZHOWTHREE LT,

2. #MBHEEL ICICKS MPn BB

HILIRARE OB, KEREER (D) 2351
P-O &% 2 DU LRA T2 PALEWZ EEAITE
EHETHIEEZFH LTS, £, 3Bk 500 ml
(1Zxt L 10 mg-Fe O/KE{bER (1) AR & LTIk
ML, pH 6 FREEIZH®E T % 5T MPn Z AN K
FHREE L=, Wiz, MERORE WS IEE (FLEE 0.4
pm) (ZX - TEUL L, 0.01M 7 > E=7 KEIK (25
ml) Z¥INL T pH 10 LA RIS 2 3 CRiEAI )
% MPn Z g SH TR L7z, FEE, sl (FL
P& 0.4um) ZAT o THISEAZ Y RN BHR 2 i
FIE E L CICIC LD EREITo T2,

KAFZE TIIMMEEY VERFICT A2~ A
RENTIC ZEH L TWD, @E O IC OFREHEA
ENBT uL FBRETH LD L, ABFZED IC 1% 5
ml ([ZYEFT L2 F CREEMRTZTREE Lz, F£72,

126

TRBERIRE 2 A — ) —HERERE DO L3I 5 HT
MPn v — 7 O 53 % Ferifk L7,

3. BRLEE

IR IRAEEIC X D MPn [BIER Lo, itk
FIRINE 22 2 e N B EIEO LB 2 MFE LT, £
DFER. FHEARINEE 2 2 THEIERIER LT,
T 20 mg-Fe PA B TEINERPME T L7z, EULERDME
TULEERE LT, BRMEREE IR AF T D Al
3D Fe 23 IC 12 X5 MPn M HH & 5% L 7= AlREME.
FoX, A REOKEBR(LEE () 2WE LT
MPn 23 AR IEFE CRUN S AU L7z AT
EZ BT,

FHEAN B OUERIZ A ND 7 4 V2 — D LR
S L CIEMEEISGE T O Fe IEEZMEIE L, <
OFEF, ZHFE THE L TOZFLEE 0.4 um Tl
HIDEUL N4y Thpo7- 2 & AL 02 um BLF
THIERZ + 3B ATRE CTh D ER Lo Tz, 2
DFERZ IS X Fel L5 IC D MPn ki ~D % %
MRAEE L7228, EEIA DN Tz,

an A RREOKER LS () OFEZKRIET 5
7o, WRETOKERLER () OPLE:A L2 0.4um
7 4 VE —TIRBEITV, A NES OKEELEE
() OFpEEZRAZ, LLRNL, aaA Rl
53 Z R U T FlAR A CURMe 4 920 L 72 /5 3L, B
X 35%BEETERTLTLEY, KERTII= oA
N5y DR TR T X Iino Tz,

SATHIFIE & OIMESAE O Ll 24T - 7255, 7]
IFEBRIZAE ] U723k o PALE IR EEIC K X 72
N ST, e THE TIEREb K R O P LA Wi
FES 0.6 uM & HEBGHYSHIREE T o 72, £ 2T ST
7e & RIFREORE (MPn: 1 uM) Tl FEER % &
i U7=5 5. MPn [RIERIX 80%FRE 272 572, LLE
&0 HrREREEIC KD MPn [BURCRIC I FE R R
BHDEINHB LS, 2 E TORINER CHEE
SN DB O MPn RIS L CIEHENED S
W—EDEILRAG ST 72, B CRIEE &
LCHaICFIARTRETH D,
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HRER DR

*HEF TERR - BEEORESA - TEREBEL -

1. [ZCHIZ

7 7V J1 A FT T )V(Xenopus laevis) (LA T TAFE
EWVD )T 7 U ISR E O WAL T, s
E TIIFERECy FOEELE LTHA - B L T
wéoﬁﬁmmwﬁﬁﬁﬁﬁ%ﬁofwékm E5|
NTES « BHENATRE T, BFAL LB AITERD
KA D RIE - Bia F#iLéT Bl
m <, ARRREED ISR ES L TWD, Bl
16, FemR, Fnakil b, §RER, SR, %%%
TEADHERINTRY, ISR TH RN
H5D,

AFRIT—EZKPTBIL, KERHETENRND
TEMBREAPELNEMTH D, HEROEBER
X, AFENEENT AR MR A RRE LT 5 5k
MERTHD, LnL, KEFHESCEZ - 7o
FAEIXAR - REHBICREEZ LS bOTh D, £ 2
TARRAE T, tokz 1L BERKLELIR- T
ST 52 & TRBFEDOIENEAHETE HBE
DNA FEZHWT, Amkplii A 2 55 Lz,

2. MHEEARE

FAAHY, RER OO AN I (I
5 e AW AR S 2017(1), 13-17, 2017) k=
HAHL (S R THIIH) 2 O A% 1km BN
WCHFET D720t 5 b, fIKBHY 77 —F
AIREZR 70 DA KR & LTz,

BoKiTe—7fMEANTYER T I & ICEEK
ERTCITV, 1 DIZIBE LT IL R VKR AR, 10%
FAERo YL a=y L% Iml IRINLEEDIF 72,

BREE DNA o#TiE, AfEa xS L7714 ~—
BELOTm—7% Jean & (Amphibia Reptilia37, 131-
136, mm)w%ﬂ%%’¢&®5297w&4A
PCR % HIVVTHIME L, Bhik - FatEic X 0 AR O R
EATo77,

Fio, REHEZEET 720, [LEICER L 28
HlZFIBWT MiFish 774 ~v—ZHWe A Z/N—a
—T A TN EIT o7, ks, BAKRSHTIE T8

IB1% DNA RN OHATELTZI2VAYVAFTIILDSH

BE i —

BT HioE - 8RR A - e A -
O TERETAIEH )

(AMEEND X

5% DNA R4 - B ~== 7 /L ver2.2 (B&lx DNA %
2(2020)) | (ZHEHLL 7=,

FRAKIF 2020427 A 22 H, 9 H29H,
DFF3 A CHEM L7,

3. #R

DAk - B 5 DNA Z9#r 217 - 72 70 #ir, 38
TR & 72 0, EARARHA & EAREEEE 1km (A7
THMTHEEIC R 572, YiZHURIZ BT A/ D
IARPERDA S M2 o T2, FT2, JEERREEIZ OV
T GIS Z HWTHAT L7 /SR, fEREmWETIZ® 5
M SR~ L CW AR E HEGR TE 7=,
QAL N—a—F 4 TR AFEDOBREE DNA 23
Pt T o -l iZ A 47 FARARLT —FX )1, H
INF—PER L TWDEIEREN- T,

4, EXR

O AR - W 2 5 RS EAL TN D K 1370
WS, ATE DKM O RFEN SN2 LD
R R IRE D Zr 7K D3 e AL 2 T 72 & D 7K D FRALIC Fe -
TBEIL CWDAREENRSZEZ OND, £, WER
WZHOEHL DX E DO T b AN R SN2 &D
THMAESIZZ LD D, AR IZESEOBOE IS O
Wb A2 BT L CH D MIER E® TV 2 AlRetE %
R LTWD,

@A N—a—=F 1 TN WRMEORIENE
BLTWAHTIE, ABBMHAINDRE L TER
W2 W AREME DS RIS S Tz,

5. £&H

ARFEOBLBRIZH 72> TE, EEAEVLEICS D
W DELEHNCKIRT D ENEETHD B %
bhd, Fio, WRRHIARFED K & IHITHH Lawn
LORKRERBCHMERD D, S HIZ, AFENHE
ERBENT LI ELREICE LERD D,
ARFHAITEREE DNA T FEZ W Z kY
IS 7R S ATRE & 72 0, IR 7R /3 A LR ORI
RS S Z LN TE o, BREE DNA S FiENIE
WICHN e FETHDL Z B mhoT,

11H25H
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BESHICEICEEXRKAESED

RF - BERRER LKL DA EDIREL

W EE (KO0, IR (EBR,

1. [FLHIC

R - BRLEFNIRGHTIIKEARERICHIT D
IO/, RBP4 BB 2§ 2 EE
FIETH DL, BN & ORIEER 7 e
WHINTWDLEERD D, MEROBND D DD
FEOREZED D 5 2T, BAERERERER E DI
TIER) 72 i A RN B5 5 < R [RNLAR ST FAE D
NI CHREZRMETH H, Lo LETHRED
%< X, VM RMaE e EOKERIR L EE AR
ERNYTH, EAEORAKMBEICEET 51T
RN, & T CAMEIIA D Z & O T R AR AR
8 LA HERHL L 72 R MERR M OV IR Z 255 < i
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Response of fish community to weir gate operation in large
regulated river: changes in local and regional scale community

diversity and heterogeneity after weir gate opening

*Hyun-joon Kim, Kwang-Hyeon Chang(Kyung Hee University),

Jeong-Hui Kim(EcoResearch Incorporated),

Min-ho Jang, Kyu-jin Kim, Jun-Wan Kim(Kongju National University),

1. Introduction

Weir construction may have species-specific impact on
the fish community. 16 weirs were built in 4 major rivers
of South Korea by Restoration of 4 Major Rivers Project.
After the weirs were built, the problems of water quality
such as algal blooms occurred due to the hydrological
modification of the river. In 2018, the gates of weirs in
Geum River were fully opened to solve the problems.
Meanwhile, the gates of weirs at Yeong-san River were

partially opened and remained its disconnected condition.

This gate operation of large weir which had blocked the
water flow and migration of organisms might have
affected the fish community and caused its species
diversity (Fig. 1).

Recently, B-diversity which quantify the species
dissimilarity between communities is widely used to
estimate the regional diversity that is geographically
larger than local diversity expressed as a-diversity.
Therefore, in this study, by analyzing o and B-diversity
of fish community in Geum River and Yeong-san River
which has weir gate operated in different ways (fully
open and partially open), we estimated the change of
species dissimilarity between fish community caused by
opening weir gate.

Fig 1. A weir constructed at Geum river, one of the 4
major rivers in Korea; (Gongju-bo)

2. Materials and Method

We analyzed fish diversity change by using the fish
community data during 2018~2021 collected at Geum
River and Yeong-san River as the monitoring program of
“Survey of Aquatic Ecosystem Changes by Discharge of
the Weirs in 4 Major Rivers(2018~2021)”.
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a-diversity (Shannon’s H') of fish community at each 3
sites of 3 weirs in Geum river and 2 weirs in Yeong-san
River was calculated by the ‘vegan’ package in R.
B-diversity (Serensen index) of each River by year was
calculated by ‘betapart’ package in R.

Also, we monitored impact of opening weir gate to fish
community by analyzing the cause of difference in
dissimilarity of fish communities at each river and
impact of each site to dissimilarity. It was evaluated by
components of B-diversity (turnover, nestedness) and
local contribution to beta diversity (LCBD) which were
calculated by ‘adespatial’, ‘ade4’ packages in R.

3. Results and Discussion

In fish communities in Geum River and Yeong-san
River, there was no apparent change of o-diversity in
each site during the gate open period. Only a-diversity of
fish in Geum River has a increasing tendency, but such
pattern was not apparent in Yeong-san river.

Serensen dissimilarity of fish community in Geum
River and Young-san River has decreased during
opening weir, so after opening weir gates, it seems to
have restored their connectivity in aquatic ecosystem

(Fig. 2).

Fig 2. Trends of changes in (A) a-diversity(Shannon’s
H') and (B) B-diversity(Serensen dissimilarity) of Geum
and Yeong-san River during 2018~2021; — SJ,
Sejong-bo; GJ , Gongju-bo; BJ, Backjae-bo; SC,
Seongchon-bo; JS, Juksanbo

B-diversity (turnover, nestedness) and local contribution
to beta diversity(LCBD) and apply to estimate the
restopre pattern of fish community to the change of
connectivity of river ecosystem.
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Application of zooplankton index to environmental assessment;
verification of community index for lake assessment using multi metric

*Yerim Choi, Kwang-Hyeon Chang (Kyung Hee University),

Min-Ho Jang, Kyu-Jin Kim, Jun-Wan Kim (Kongju National University),

1. Introduction

Since zooplankton has a short life cycle and is
sensitive to environmental changes, the community can
change rapidly as the physicochemical properties of the
lake change. In the lake food web, zooplankton play as a
link between phytoplankton, a food source, and fish as a
predator. Therefore, using the zooplankton index in the
monitoring can  provide more comprehensive
information regarding lake environment, and represent
health status of the ecosystem in the series of continuous
responses. Although useful zooplankton indices have
been developed by EPA to estimate USA aquatic
ecosystems, their applicability in Northeast Asia is very
limited due to the differences in zooplankton species
composition as well as different characteristics of lakes.
In the present study, we tried to modify the EPA
zooplankton indices and develop comprehensive indices
focusing on the multi-metric assessment applicable to
Northeast Asia, having similar climate, lake environment

and biota.

2. Material and Methods

Recently, Korean government has introduced the
MultiMetricIndex(MMI) assessment method for various
taxonomic groups for aquatic ecosystems monitoring and
evaluating ecosystem health at the national level, and is in
the process of standardizing sampling methods, analysis,
and interpretation of results.

MMI is a key tool in national ecosystem health
assessment programs. The MMI consists of indices that
respond to different target environment factors, including
environmental disturbance (e.g. nutrients, toxic
substances, climate change, etc.).

For the modification of zooplankton indices and their
verification, we collected zooplankton samples from 9
reservoirs in Korea having different water quality,
zooplankton species composition, and surrounding

environment.

Hye-Ji Oh (Kyung Hee University)

3. Results and Discussion

We classified 236 candidate metrics used in the
zooplankton MMI development process at EPA, into three
categories: 1) indices applicable to Korea, 2) indices not
applicable to Korea, and 3) indices that can be applied
after modified.

First, a total of 136 indices were sorted out by deleting
indices associated with zooplankton species that do not
inhabit in Korea. Since there are not many studies on the
exotic zooplankton species in Korea, the indicators using
native species were not applicable, and since most of the
lakes in Korea are artificially created reservoirs, the
littoral vegetation environment is not developed, so the
indices for zooplankton species living in the littoral was
also difficult to apply in Korea.

Second, 136 indices were classified into 6 categories
(Abundance, Richness, Trophic, Copepod, Cladoceran,
Rotifer). A total of 44 indices were extracted by
modifying and deleting duplicate indices, there is a
discrepancy in the zooplankton sampling methods
between the U.S. and Korea (e.g., differences in the size
of zooplankton collection net mesh, 300-count subsample
etc.).

Finally, through sensitivity, redundancy, and
distribution tests for 44 indicators, 6 metrics were finally
selected for representing 6 categories. The optimal MMI
combination applicable to the Northeast Asia region was
estimated using available zooplankton data set and

environmental parameters.
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1. Introduction

Biomass is a biological quantity that reflects the
difference in species size, and is important in estimating
the amount of materials and energy transferred through
biological interactions between the species that make up
the food web. Biomass based on the size of the individual
differs depending on the regional scale ( e.g. latitude,
longitude) as well as the local scale( e.g. trophic status of
water body). In the case of zooplankton located in the
intermediate position in the aquatic ecosystem food web,
biomass calculation is essential to understand their
function more accurately in the food web such as the
degree of energ y transfer from lower to higher trophic
level organisms through them.

Studies for the estimation of zooplankton biomass have
been conducted by several researchers in the past and it is
now common to use the length -weight equation derived
from previous stud ies. However, the constants of the
biomass estimation equation for the same species differ
depending on the literatures, and the geographical
location of the water body may affect the size of
zooplankton individuals and the biomass accordingly.
Therefore, it is necessary to review the biomass estimates
when applying the preceding equation to the zooplankton
biomass calculation.

In the present study, we reviewed the applicability of
preceding biomass estimation equations by measuring the
dry weight of three major cladoceran species appearing in
Korea using a microbalance and comparing them with the
estimated value. Furthermore, we tried to present a more
accurate biomass estimation equation for each species
through regression analysis between the body
specification(length/width/area) and dry weight.

2. Material and Methods

We collected each cladoceran( Daphnia galeata,
Diaphanosoma orientalis, Ceriodaphnia reticulata) from
various water bodies. Field individuals were identified
under a microscope in the laboratory and body
specifications were measured at the time. The individuals
whose body specifications were measured were pla ced in
a tin capsule for each species to measure the wet weight(a),
and then dried in an oven at 60°C for 24 hours to measure
the dry weight(b). The difference between actually
measured values and those obtained from the estimation
equation was used to esimate the accuracy of the equation.
To derive the biomass estimation equation for each
species of cladoceran, regression analysis was performed
using the body specifications ( body length, body width,
and body area) and measured value, fitting in linear/
logarithmic/exponential function formula. Suitability was
compared based on multiple R 2 values. Statistical
analyses were performed by R software.

Cladoceran biomass based on length-weight relationships;
applicability, species-specific variances, and gap between
laboratory and lakes

Hye-Ji Oh - Kwang-Hyeon Chang (Kyung Hee Univ.)

Figure 1. length/width/area of Daphnia galeatameasurement
using the image measurement analysis tool

3. Results and Discussion

As a result of the comparison between  the measured
value and the estimated value using the previous biomass
estimation equation, Daphnia galeata and Diaphanosoma
showed statistically significant differences, but
Ceriodaphnia did not show a difference. In the case of
Daphnia galeata, the analysis results differ depending on
the presence or absence of eggs, and there was no
significant difference for no -egg individuals.

As a result of regression analysis between
length/width/area and measured value of three species of
cladoceran, it was analyzed that Daphnia galeata showed
the highest multiple ~ R? value in width -weight linear
regression, Diaphanosoma showed the highest multiple
R? value in the length -weight exponential regression. On
the other hand, Ceriodaphnia showed the highest multiple
R? value in area-weight linear regression.

Figure 2. Regression analysis and fitting results showing the
highest degree of fit between body specifications and biomass
measurements of major Korean cladoceran species.

(A) Daphnia galeata ,(B) Diaphanosoma orientalis, (C)
Ceriodaphnia reticulata

133



P-25

Multivariate analysis of zooplankton community and
environmental factors using time series analysis

; separating seasonality and trend from seasonal data

* Geun-Hyeok Hong, Hye-Ji Oh, Kwang-Hyeon Chang (Kyung Hee Univ.),

1. Introduction

Seasonal changes in physicochemical and biological
environmental factors cause succession in zooplankton
community. In addition, non  -seasonal variability in
environmental factors can also affect changes in the
zooplankton community structure, which can be
distinguished by changes in intra -annual forms that occur
rapidly over a short period and inter -annual forms that
appear slowly over a long period of more than a year.
Identifying the zooplankton community response
according to seasonal and non -seasonal fluctuations of
environmental factors helps understanding the
interspecies relationship within community as well as the
effect of abiotic and biotic interactions of habitat
environment on the zooplankton community. Therefore,
in the present study, in order to better understand the
response of changes in the habitat environment for rotifers,
which is generally dominated at the lotic systems, we
performed multivariate analysis by extracting three
components through the time series analysis of the
zooplankton abundance and environmental factors -
repetitive variability (Seasonal), inter -annual variability
(Trend), and irregular non-repetitive variability (Random).
Analysis results conducted on each independent times
series components are expected to contribute for
understanding the appearance tenden cy of rotifers
according to habitat environment by specifying
environmental factors influencing the appearance of
rotifers and grouping species which similarly respond to
environmental changes.

2. Material and Methods

Zooplankton including rotifers were collected from the
Korean artificial lake, Daecheong  -ho by the vertical
towing method during the period from March 2017 to
November 2019 (twice a month) excluding the winter
season. Simultaneously, we measured water qual ity
variables and collected phytoplankton from the surface
water. As environmental factors affecting the rotifer
community of the lake, we categorized parameters to four
groups—water quality (total nitrogen; TN, total
phosphorus; TP, and Chl -a concentration), food sources
(phytoplankton and protozoa), competitors (cladocerans,
nauplius), and predators (copepods).

Each rotifer abundance and environmental factor data
were decomposed into Seasonal, Trend, and Random
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components through an additive decompositio n model of
classical time series analysis (R package "stats").
Redundancy analysis (RDA) was conducted to understand
the correlation between rotifer species and environmental
factors for each component extracted by time series
analysis (R package "vegan"), and the rotifer community
was classified according to the abundance and frequency.

3. Results and Discussion

In the RDA analysis using raw data of rotifer species
composition, although the predator abundance(copepods)
and TP were  determined as  important factors, the
correlation between rotifer composition and
environmental parameters were not clear. At the same
time, rotifer species showed different response patterns
depending in their abundances and frequencies.

On the other hand, when the data of rotifer abundance
was decomposed to seasonality, trend and random
components, the correlat ion described in RDA analysis
were more apparent (Fig. 1).

The relationship between each decomposed component
and seasonal changes  of factors were analyzed and
discussed through this study.

Fig 1. Comparisons of RDA analyses using raw data of rotifer
density (A), seasonality (B), trend (C) and random variables (D)
decomposed by Time series analysis.
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Validation of zooplankton enumeration method for species diversity
study using rarefaction and extrapolation
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1. Introduction

Species diversity is important for understanding the
structure of aquatic ecosystems, and is recently used as an
important indicator for assessing ecosystem health.
Therefore, standardized sample collection and individual
counting methods are needed to compare the diversity
between different lakes. Unlike fish, for example, which
are counted based on the whole individuals collected from
fixed CPUE, plankton are collected and counted through
filtering a certain volume of water in the field, extracting
a certain amount of subsample from the concentrated
sample, and calculating diversity indices. The number of
species detected depends on the researcher's effort to
collect zooplankton samples, i.e., the volume of water
filtered and the amount of concentration and subsample
treated in the laboratory. The larger the sample coverage,
the more accurately the number of species and individuals
presenting in the target water body can be estimated, but
degree of concentration of the sample and the amount of
subsample cannot help but vary for each researcher,
depending on the sample condition and other factors.
Therefore, in this study, we compared the number of
species detected under the different amounts of
concentration and subsample and proposed background
information for reasonable enumeration process in
zooplankton diversity study.

2. Material and Methods

Samples used for comparison were collected from three
lakes, each with different water quality and zooplankton
community composition: (A) a deep eutrophic lake (DEL,
high species number and abundance), (B) a shallow
eutrophic lake (SEL, intermediate species number and
abundance) and (C) a deep oligotrophic lake (DOL, very
low species number and abundance, cladocerans
dominant). All sample were concentrated to 100 ml, from
which the number of species and individuals detected
were compared by increasing the volume of subsample by
1 ml. However, copepods, which are difficult to identify
in detail, were not included in this study. We also
compared the number of species detected when the
number of counted individuals increased by 100 inds./L.
The increasing trends of the number of species and
diversity index (Shannon's H) detected when showing
different subsample and individuals' amounts and their
differences were analyzed by the rarefaction curves, and

sample coverage was estimated using R package (iNEXT).

3. Results and Discussion

Detected number of species, as we expected, showed
increase tendency as the amount of subsamples increase
and more individuals are counted. In the case of the

eutrophic lakes, with high population density, the number
of species detected reached more than 90% of the total
species number when 4 ml of subsamples were taken from
100 ml of concentrated samples and counted. In
oligotrophic lake, however, only about 70% of the total
species were detected in the same amount of subsample.

As a result of pattern estimation using the rarefaction
curves, the number of species detected from the sample,
the diversity index, and consequent sample coverage
tended to differ depending on the zooplankton
composition and individual numbers (Figure 1). This
means that the degree of concentration and the amount of
subsamples should be considered for more accurate
species richness and diversity analysis, thereby
suggesting the need for a standardized manual
considering sample coverage, particularly for the site
comparisons.

Because sample collection for zooplankton is carried out
in accordance with water depth, it is difficult to match
filtration rates as same sample coverage at the on-site.
Alternatively, more accurate comparisons of species
richness and diversity between sites can be made by
adjusting the method of concentrating samples and taking
subsamples, as shown in this study.

Figure 1. Results of species rarefaction curve analysis using
species diversity and sample coverage according to counted
zooplankton individual numbers; (A) DEL, (B) SEL, (C) DOL.

Species diversity; 0 = species richness , 1 = Shannon's H
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REOWEEL, KAKEOHELZEEL, Hrr -
EAC L 2% H 6 KefH, Kg - EHICRE S L
DO DORIE b Fhi L7z,

3. WRBIUER

£ AN OBLT — 2 (235 < DO 122\, 2017

1 H~2021 49 H ORMIZENZ SOV T 1R

*ERHEER, SEERE, MBS (SR T)

T, UL S FETIE, HAM 12.1 mg L (2020 4 12 A),
&/ 49mg Lt (20184FE5 H) Tholo, F7z,
ZEIEBPFFEN T, FICEENPSERIINIT T,
DO MK E AT DM A B, FETH~8
AT EHITEVMEE 22> T 5D (K1), £72, fih
OBE B b AEHOETH D L B ZEE )
HELTWDHZ Lb b, BRER CIIKEGE O
TR TH D Z E BRI D,
HZD DO OEVMEIZIER L, 2022 4EI2IXEFH
TR S L, e B iR e EORERE 1 ITRT,
AAERS, FHC AR EMAFEEOBRICIERT
L&, Wik R BSEN DT A 27 BISHA
FERNR LDV IeoTz, MEEENRLE
MoT=diX, 7H28 HT6.77mgL! & 720, Hifh
b HFHERENSTELY b 2E8ZE RV METH
ST, FAEERICLT24 BIZEZWFERE -
Too RIBEIEREAZLARTHD L, FEREITZAENNE
WS, RO TR E B EIT DI WER L 2o T
%o KHMEIZL DRI OIX, REOORSIZ
HEARJEE T 1 FIREICEE L TR, KAlkE
B E B2 TBY, 4%, REHMTOMRIEIHED
Bl 7 E DS L D DO OAEFEDRD 72 KB &
LTEBZRL VK BERDHDL EEZDND,

R1 AHELLAEREDOMR

HaE HEgRSRT BSTE MXAamE MTRkE RAARE MAES
- h MJm ™2 mgl "' mgl ' mgl ' mgl '
&EK 2022/7/25 6 18.19 0.37 0.15 0.52 2.78
2022/1/26 5.6 15.03 0.45 0.32 0.78 -0.23
2022/1/27 1.6 9.92 0.49 0.14 0.63 -2.19
2022/7/28 4.1 14.85 0.82 0.09 0.91 6.77
2022/7/29 3.7 14.8 0.79 0.21 1 5.1
K 2022/7/25 6 18.19 - - - -
0.6m 2022/7/26 5.6 15.03 0.3 0.25 0.54 —-0. 63
2022/1/27 1.6 9.92 0.21 0.14 0.35 -2.7
2022/7/28 4.1 14.85 0. 56 0.25 0.8 1.95
2022/7/29 3.7 14.8 0.49 0.19 0.68 2.44

E1 DO ORWIHAESE
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P-35

1. ZL&HIC

ITEEEEM O KRS EH LT T, RN
HskZ2WERH Y £ Lz, 2T, EEWHIC
IR 3.5 & b i S A0E - LMK E
FIHLCEEMOKIEEZ FFHZ R TEX 2N
MEBRLE LT,

2. MEEHE

@ BEICKZKEZEELDRER
FIEATHIE, B TTHEE. (TH 58 R0no 3
EHO AN 2 BINE X, KIBOEALEZ T2,
(EXMEo®mIE2E x BAAIC L, T 720
LR EEAT, )

H HRE ] iR | TR B | mem
12/30 | 10:12 | 9.6°C | 12°C 12°C 12°C
1/1 10:29 9C 6°C 5C 1C
1/2 [10:17 | 5C 6°C 4°C 5C
1/5 10 : 51 7C 8°C 7C 7C
1/6 | 9:38 | 6C 7°C 5C 6°C
1/14 | 7:26 | 4C 3°C 3%C 2°C
1/19 7:33 3C 3.9C 4°C 4°C
1/22 | 14:06 | 7C 8°C 7C 7C
1/27 | 13:00 | 10°C 11°C 10°C 10°C
®1 3EORLG-KEDKEEL

Q@mAFAIIK, BFOLELBXKEESL:
AT 39. 348 b - AUERK 3.5 {8 > (4ERD)

L& | 54 |64 71 8 A 9 f1

% c | c C C C
T D 7K R 91 1.5 | 219 28.7 | 25.5 | 20.4
ALK 9 2.0 2.0 2.0 2.0 2.0
RA LIZRER | 100 10.7 | 20.4 26.5 | 23.5 | 18.9
REZEAL 0.8 | -5 | -22 |20 |-15

@O ZKIR 1.187 | 1.326 1.226 | 1.213 | 1.171

—ALEK) - 5 6 6 6
IEEZ{E X 10

(1. 1875+1. 3266+1. 2266+1. 2136+1. 171) ~5=1. 22506 (1.2)
& 2 JT)11K & JUERK 0 1R 0D Bk

EEMICRNADK

Vb s Z A

AT DA & B EEMDOKIE DL

FEEEMAKER 275 (8 b >« WRAJAIJIIK 39. 3 {& b > (4EH])

HE KIRC
%
FEEEIH 86 10
AT 17K 14 4
RE LI R 9.1
AL 0.9
=3 CAIKEHKDBRED LR

10°C—4°C=6°C (EE# &AIIDKEE)
6°C+9(-0.9%10)=0.66(0.7) (KiEEZREZEILTES)

3. #R

O BAiz» Sy U COKRES —FIK
Motz (FEBRUIZDNRETE -0 TIHREL) B
NHoT-Onbranen, )

@ N AIVAT K EZR 1.2CTIF5 2
ERTEL. JIOKEIX0. ICTFRS,

@ WMATDHENOKIEZ 0. TC T 5 &, HE
WOKED 0. 1°C TR 5,
4 EBEE

2021 481 A 2021 42 A 2021423 H 2020 “F 4 J
B D
JKIR 8.9 9.3 10.7 12.9
TARALER
KO EE 16.9 171 18.1 18.7

RO X DA ZFEONIRK OB IZEEM O K
TR 2 53T < BV O TRUELK 2 NS 2 R L
kKL TN E HTmT, BATES F4 T
DEKBNRTNRDHOTILEEbND,
SHBEHEASELZ L TEX TR TIER S
e o TunEd,
FHNDOKEZ T2 23R EZ S 3, )
BWICKRREZ S 2EDOHiEEx B 2, FER
LTCNW&E7ZNTT,
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P-36

RAFEE—E2—DUHEAZESSBICLE

ARy FE%ES

1. FLCHIT

FADFROEIIR ARy NRPEEICR D Z LT, FF
2, 7ot R CIREETE L Lo mu Ry M EE
DIz EZZTND, I T, FFEIZI 7 rofti
THAETWOLMAEMZREML L LEX, SAEE
—H = 2OV, [/ A Z B S THD
Zkizlie,

NI T VT DS LNIRAEEFE VKT EZBBIC
TV D, RAET, MRV SEAROMHETH
% [RAEMME, BlZE—X—Th o [HHIK],
iR % NAEMHEIRZD (771 O3 D05
DO EN TS, FAX, ZTORAFE—HF—0
Az R L, B8 L, o, SAEM
HEDTRoME Z L 2, ED X9 b Thiuidk
LRI 2T Z LN TE D ONEREST
ST,

2. MHEAREK

EREE—F—, 7y 72 TLETHIL, X
A EBIBHEDOME 22 2 D EBR AT > 72, /KT (80 cm) |
BEED Y 50% (B0cm) HZ&, SAEBE—F—/E
R— MR HET DI DI 2 N ERE LT,

3. &R
KA
ME (B 24cem, &% 6E]) | EA(mm) Z A5 (F)
4 2.46
AT VL AR 0.55 2.77
L 3.28
3.21
SR 0.28 3.69
1.2 5.38
AT 0.8 Ma#i< koA R
UAY— 0.45 HEEehoTz
T =T LR 0.9 3.68
#J0% (M) 0.57 Ppo< Y EEIBELT
WRHERIC L7890 5k (A 1Y) 5.53
#10% (PE) 0.45 ARV E o7
WEERIC L7=490 % (PE) ARBHEE ST |

#£1 MEDORLST-_AELE HWTZ K TOBE)

145

RINEE  (BmESEER 1)
fEETR (FEEWI N7 A 1)

Pe o v
ME (RS 24em, BEH: 6 [EA(mm) 2 A 5 (B
B4 2.84
AT v L AR 2.54
B 0.99 3.44
SR 3.62
Fi 0.28 3.74
SR 1.2 3.09
FATE 0.8 3.66
UAY— 0.45 HE RN
TV =T LR 0.9 HEFE D o7
#0s% (FAry) 057 13.12
ERIZ L7890 5% (A m) 7.3
0% (PE) 0.45 ARG E o7
WEFERIZ L2890 5% (PE) RPHEE T

#z2 MEOERRST-RAEEZRWZHEO O H
T OB E) R

4. ER

KT, KE 0.55 moD 4@ A iy 5 < 1 A
o FRUTx L, o<, R0 RLTWIRATER
FID RITEE->TLEWVW D T HEE R0 o7,

VEED Y P CIE BRI H A 2% HTZ, £z,
VRO PIXIEFLAKF LD b2 BET D720,
KETIEEKES T LESZIFIATE LT Z &R T
X7,

IO REZ LT, WEOY P TIEFA
DIV R THETZ LN TE T, WEO Y FTIiXE
HRd 2 & XX DIPIBKRE L 25, BHOEST
DEVAREEOH T NS TRWVEIE S 230705 & 5%k
DPWEFERIZ A2 D, ZDTD, T4 v D0 RITHk
OV THENZHBL N TE BT,

B3 TR
NI TVT_RUFETE—H—
https://www.biophys.jp/highschool/A-13.html
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CREE

BARRGEEAIBRA =1

Environmental Measurement Japan, CO., LTD. P I ease VI S It
LAI sensor MIJ-15 LAI/K2 WET150
-Just set under the canopy -Lower cost multi-parameter sensor
-Easy research for seasonal change *Measures moisture, temperature and EC
*Much more accurate than fisheye lens type -Digital SDI-12 for easy system integration
-Neglecting PAl — Gives you Real LAI

-Rugged, buriable and low power
-Accurate monitoring of growing conditions

LAI Sensor & Analyzer
LAl analyzer MIJ-15 LAI/P

-Portable type of LAl sensor
+Using same sensor as K2 use -Instant measurements of moisture, EC, and temperature
-Light weight so easy to carry -Comes complete with readout meter and case

Soil Moisture Sensor
WET150 KIT

*For portable use

Soil Oxygen Snesor MIJ-03

-Long term observation with easy set-up
No influence by the rain or other waters
-Easy span calibration

-Not require to do the zero calibration

Measurement accuracy: io _0500

Soil Oxygen Sensor & Dendrometer High precision thermometer

Dendrometer MIJ-02 Rotary Type3

MIJ-NLTP
-Selectable nondestructive or screw mount +High sensitivity -0.1939°C/mV
-Allow measurement immediately after set to +Fast resp 163.2=2.6 ds at Static Water
measurement object

+ Accuracy $0.05°C that exceeds Pt100 Class AA standard
-Wide measurement Range

-Low power consumption 27.6uW(Overall, Max)

HAREKES 55 86 MIAkS FEE E
FITHEHH 2022 £ 9 H 9 HCEE 1R

TEE - F&1T JSLIM86 FEITH

<«

A%

B

TeJdE L7 R
T670-0092 Je) RARRK AR ERART 1 T H 1-12

URL: https://sites.google.com/view/jslim86/top
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