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W77 7 b ORI E AR O HEAMIEE S
bDEHREINT.

BEL X AUk RABARKX

o | PPMR=3.56E+08 o | PPMR=366.99 +
7 SD=5.16E+08 SD=89.40 .
+
o . o
n +
o | é + o
+

2 0 2 4 6 8 2 0 2 4 6 8

;g\ TS50k vEBAR BEX
~ o | PPMIR=2.38E+08 o | PPMR=1.90E+14
Z, | SD=4.13E+08 | SD=3.30E+14

=

«©

Log(Body size)3 4 m
BNEBRODTS I vk XiEEED 15N

FAORES [FEMEZTY
PPMR=10 &% EFEROIES )
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P-045

FERDRKEDAFETT A DAY ) HERBIZEDIM?

*THRAF GROREE - B . vl GBrisok - i)
A (EBROF - U 2 27) . I=EE GROKBE - #riFik)

1. [ZLHIC

LKFEFEDRAFET A U B U A = (Procambarus
clarkii) (3, WAKTEMZARR - R 25 2 L2 X0
ERERBROMEEHEREZ 2L ST D0 kF—A b—
ECTHD, Ll 7AV YWY T=03Re7e
ERBRIEIIRIESL ChH D, ARAE 25 & LTz A Z it
DFERN O, S I L DIELR 2R 7= 72 MR
SEDIERFEEMIC L > T, ZOMEREIINZ 6D Z
EPREINTWD (EWRIRBLGER ; Parker & Hay
2006), 1F7= LC, SEIDRANCH L Ch, TERHR
T X DEWHWHRG MBS DTHA D32

AFE I, TER - SRDUAKEED AFEDACKIFET
AV TP T = DOFBIHNDNE I hEtgat Lz, 5
WL, =R A VA (Mauremys japonica) . T
T RPEY Y A (Chinemys reevesii). ALKFEES 2o
v BT H 2 2 A (Trachemys scripta) & =y 51 AD
WU H =Tk D580 T, BIAEAEEA R D T HI R
EATEMNRIIERD 2 5385, T AV BV H=iE, J]
PEHINE U7 41 X I A L3 LR 2 F5 o728,
FHEOENR ENOLZDFAEEWHRIZML, SR
FATENEIN D D EEZ bD, —F, HEbORES
ZRFI2NT DT RED A AT LTI, T AV Y
U =3 Ao et & TE D B eV b o & b s,
2 TAMIE TR, DTERD AR Y H=ioxtd
DR R, 2) Akl A SIS U T =2xtd
DATERNRIONRD E N, E WO ASL T, FEFEOD
FERDOIE, OF7 I I I T ATHEIERDIKE N, @7
YT ANIATEMIHI OGRS RKE VN, Z LTOA T H A%
FHEZNR LATEHIHREN RO IR ENZ & D3537-> T
W5 (B D & 2) 2SR, £7o, 3mIU Dbk
KA N ERRN D, YU = K DKEREE, A
ST ADIFE T CRE R IND Z Lo TnND,

INOOEREHE X, ARETIE, 1B A IS
e ARA & AT T = O /K BRI A ] 5 R
BVNE D INE BN DT DFREAT o712,

2. EEEAE
AT OKEE (B£E 110em, S 70cm) 20 % FHV,
SHRX (I A, VA= 0), FU =X AR LAY

UH= TR, AT HARL AR 1 EE+FY T=
TER) . 7 W HAX(Z YA A LR = 7 8
THIIFAR(THIIAA VEER+SY = 7 {8
D 5 EX%E 4 FAET D, BERITEHD M T, Sokil
DT 2B EFD, KEHOEY ZH N ToEE
(Potamogeton crispus) ZhEak Ui~

FHHIRTIE L B 1L T D KEDOIMEER, K
NPT KO E R, YU T =D RS &R
HEREZHEL, 1 2O TOKENRIR LT 4 BIZIZ
R T LTS,

3. feREEE

71 A SFEINTIVH VY =2 K B KB 2] L
T2b DD, ZDOWRIIERFEA I A THRbE-T,
ZOT END, SSKEW DR L TCH AR HEREUR
ANYTIIED Z EIVRSIT, Fo, THIITAK
EF Y A=K Y U H = OATFR AR L A s D& &
DOENZIEDOHBENA BILVTZN, 7T AR EA T AKX
TIE, WFE ORISHEHHNA B HBIAGTRD v/ -
77 LM TC, THIIHATH, U H=0fERK
RO SHED Z LIC K DEEENR (RS M R |
TP ITTA LA T AT, U T =078 2/ Lz
MR OPEEI T HIEENI) 23R < B Cunzb o &
B,

FEFeH XX, T AV BV Y B = K DK 1]
THZEMD, ZNHORET, FERE LT, ABRE
HROUGEZEN D D EEX BND,

(%)
120
1008 = DR
80 8N L @ YHAR
60 L’ SHHAR
Frh==
40 HAR
20 Doy H=K
0p 1 2 3 4 (H)

H1 KERFEOEREL
fits I KEDRFR, BHIBEERETT.
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P-046

SR AR (T & DA EE B Y DB A RHHER LS

- MEHKIFEELICERB L T -
FREEM ALKRBER) FRAE AERBER) hERE) (B seif)

FCHIC

HIZAKIZ & 2 B BIRY 2 BEEL I3 - LR IS BV T
SRR IHEE 2 A RE - R 2 EEARA N R T
o5, WNOIXE AL D) IEAEI &
> Th, HELIC X 2RECZ I, REMLEDOS
HEZ RO L THETH D, — 7 THARELITERAE
e Ui L, AR (FRSIIREI) e ArE

YA XOBAZR &R T Z L BME S TN,

Z O, JEABWIE, HELORBO/NS WS G
) 2FMT 52 & TEIREEY A X4 iR LT
HETHISNTEZ, L, WS L 2o HIC
BAL T, HAROTHIERHERRORES NG, F
RERFIEDS IR T 720N, & 2T, AMFZE TIE TR
REZRRE HKICER T2 2 &, WIEATYICE
\F % REEES DA & FERE L LT OFH OE & iR
HT2Z2HBE LT,
REMRE LUVAZE

AR IAEE AL A LE T 5 X =y )ik
¥t 200m X[ CTH D (REE)IKFR), FAAEHIHEIL, H
AKET3 A, Hkdr 4 H HKE® S B, kg6 A
DFFARHITH D, FRAaRE <, FAEXMEANDO2
Kigkz, SRANCHEREE (2=y F) ~&X5
L, 2=y b0 b 5 B 7L TFoERRE
(T-sampler : 400 cif, 0.3 mm A > 3 =) EPEHIE (K
TR, W6 FIKTE - WRAHT), B SRR aT)
ATo Tz, = MI, FKEF (3, 5, 6 A) 6 X%

OFH OVl Ol @EEH @KI-EH @A .

HAKEE (4 7)) 13, @, @RAIKT « T CEKEEO
B, 123 <HOERED, T123& AR 7R BRBE)
OIS (VAR O BRI AR & 43 LIZ i) %
MATZ 9K TH D,
BRBLUVER

BIEABY OMEELEEOEEH D &, HIKH]
AR D @@ Ao TR - L, KRS
EHICHMO Xy LV ENME~ERAD L (1D, —
HTRERRLKEZED, MITIZLAEEDLT,

RAACRFRS (IR OB AR MR Sz (K 1),

ZORERNSEAEBYIC L > CORSESIL, X ERH
ROKTZFEY, HTEE Do PRI S IR LT RS

LRI, RS & W o - HHKIC ko TIRK LB
BThHsZ NI,

15000

2 W ok O thvkep O okl

€ 12000 |

<

B 9000 |

i

K 6000

E

£ 3000 ﬂz‘ ﬁ
0 1 1 1 ﬂ 1 1 1

B B R D B S S B

\F ,_$\<\ \ 2 /)% § Q X X _{g\\’
X 1. HAKdT GA) - 4H)-ER GA) I
B 58K TOEREEDE

—5 T, HWKAIEDOEELEZBRINCAD L,
TNFIEM N BRI D Z R hoTz, HAKRHZE
T D lEEES COEIRE L <, KR OFELHLA~D
BADRE SR, #ravHOasfavg
spp. T I hEAS B ray, ReESFTHOT YN
7 U NS T)Esp., 7YY NS T spp. T
Hotz, — 5 CHEEES COMIREN DL, A%
DOBABEN ST S e v HOe 7 2 7 m
V)& spp., IV~ T H BT TEsp. Thol,
ZOFRERMNG, RS COMEE NS VERE S
ELHEA~OWIHIE HFEIZ /2 D 0T W2 E R T,

BIE DO RN HBARON, ahrnvg
spp. ®°FT I bEA Bl vid% < OBEFEMZEIZ &
S THAZOEENRWERE L THRESNTE
B, TIYNRZTY NET IR sp. OBV bES
FJ& spp. 78 & OEERNE OFEREIX[EIE 2BV ERE 23
Zinole, SHIZE T EZ AT A UE spp. 72 &b g
FRELICBWERECH D Z s SN T& iz, =
DIFNE, KRR HRG L LI KDL < OBEEN
KGe L LTZBEIC K D EEI 2 HAK L 1XR 220, £
2 ry AME WO REIR K TH Y, FREDOHM -
B LB THLZENEHRELTEZLND,
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AR EMOR Y TIREEOAMME

~ UJi‘[ﬁfEf}lL@f’i‘ﬁ%f’b'J‘N 'C\‘O)*ﬁgtf’"

FL®I

FRBBRICIZ, AA A7 77 F LTS K& &
OU/NRBIECRBE, VLAY Jv AV REDLHE
SRR BABMNER L TBY, v/ a_Xr bR L
72 5 KA R B OF b — R AR T D EERGHT
Tbdhd, £, MIIERBRIIBONTHEOHER
SIROYE T D Z L BAKEER LS E LT HHER
SNTWD, DT, MRERAY Z LY
BAANDZ L0k, FRBROWMIIARERICEIT 5
HEECHE 2 MO DI HLEETH D,

Lol — AR C oML, IR
DRI EF OB DG LY BT D & O
PR CTe FEE RS S22/ 0HENREL
Bx R EEPREI LTV D,

Re7iEb, i< OIRERAEY ORE L L
LTRESNTWDLHEO—DOTHILN, ZOEE
WXV BT — ¥ 2 BRI O BOSEMEIZD
WTIEWERICHER DB H D, £TDO—DIT, EEHNL
ORENR®H 5, R TEICE DT —4TlE, EWE
FE AT DEITIE, 1 FROICEK SRR
HIZEENDEMHNBEETH L & SN TNDA,
ZOEIT 1L, 5L, 10L&, kA RENREINT
BY, EETIEH, PETOHNEHDIZERVE SN
TW5, £-, BERICHOWTYH, ZOmEEREK
BIIFxICERIN TS, LL, Zh b0k
E2OMBEICOWTILDODEN D 50L DREE Thad
FERVICHREE L CHER L 72l L E 72720,

Z 2T, AT, BEEESCEERICOVT,
ILICRBENDVETLICHRET L0 &, 100 121K
REINODREZLITHET L20OTIE, EHLLDHEN
X0 AHOFHHIZE L TV B 0hERET D,

MEERE
AL, 201045 H 20 B, /o ki, BB

*HPHETE, AH—= (CRRFFREEE)

B H B BN ORVESRO M CIT i 7=, x> T,

Z ORYEERYINIZ, R B2 E L TRY . R

BREETHERT 24 TRED LN NI ETH-

73, 2009 FEDEEUT X 2 PR DO FEE TR R 3B 7|
WYHSAR )T 0 728 B3 A TR OHLCTVRIICE

kL7,

WHEERYINIZ, 3 ARD PVC /3o 7 (N 43 mm, £
500 mm) Z ZNZENEWVICEENR W E B bR
BEGB m LLE) &2 LD | FIRMHIBRICHEER L (R E 25
cm)o ZOD/NA FIZIE, TH S5 ~ 25 cm DI, E
£ 4 mm O/NFL2S 100 EBR T STV B,

INBDNRA TG, BEIR 7 TRIRHEBRAED
ZREARZ EHAK LI, RifiKIZ, 0 ~ 10 L £T
X1 LT, 10 ~ 50 L £ Tl 10 L #ITo T T
I, ZNZH0.063mm A v = DEFCEME =
L. &A=V EELTH MVRE LT,

HFREBIZEBNT, EMIIFEE, S, @72
BAKBIZOWT OB EIT- 12,

BRLEER
FEEHICHOWTIE, 1 ~ 10L ORI BEREEEN
—EEATIRABIZ 2 2 L O 7 RREN R 1T 7228,
20L LUREIZ 72 o THE S O ITREE D I S A
MENA T CTHEFR S LTz, 20L LIgEHT7=I2nb o7
Z 7L, SREEKO 23 ~ B uEY Lz,
L. 20L DAREICHND o 7oL, AR OFHE TR
SHT-REEED 0.5 ~ 3 % BRLIMEDNR1-
W2 7 CTholz, ZTNHDZ b, B
DI 7 LR 2 & 9 e ChauE, 0 ~ 10L
EFTCOH TV THHTHLN, BGOAEY
DR EFR 2 LV ERICEWSEIE. 100 LRI
ONWTHEMERE LN WEEDbNRD,
BEFEBEOHEIZONTIE, EBIT—XDOni%
DT, BERPKEEZHRFTT D,
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L7774 0T (GP)EIZK BT P 7HE Stenopsyche

DT g PERRAT
RSP e (BPEK - BET), Hnin Wityi GERDE - BT%), MES)— (MEK - BT

1LIFLC®HIC

AT A AV NS T RIZIRILER OB R £
IR 53 LT 503, 2 OFTEhEFR 1M Tk < |
HIBREIRRAEIC X 2 BB SR OB SRR ST
W5, filidF, IEETIE, ANV XM F A BB
R ETHENER I, mh I TRVWERS
¥bhs, TR OEENLMHEE (R %
LIRS A0, Bl EETFE) T EoR
FEDURFMENH 0 . ZIDTERER e fE & EORRE
DRI B % 703 % R~ T 1T D TR0,
ITAETCIE, mtDNA (T K 2 Fl R B O MM 23 EIC 72
D TWLDB BT DAREBAT I L > T oI _T”
R B EE3EARVEAERDH D Z L LI
SINTWD, £ZT, AR TIZT /) 27077 A
U7 (GPIEL#T 5 (Nishigaki et al., 1991)
AL, MlICE £ 5 DNA &K% “RFEDT
L7 ELTHRA, 20 1M (Fero—u) &5
52 LT, EWNCERIRLEERO e ST A HY b
vl 7 B oRf R K OB O Uitk & i 2,
2. 1% - MH

FENTICHE A LRI 2 TR Th Y BN T,
S. marmorata (BREHI : AbyE . FKH ., #pA)0, hia
K53) .\ S. sauteri (FKH) | S. schmidi (##8) TH Y |
B4 ClX. S siamensis(Z A FAEE) . S. taiwaneses(H
BOHRIARHRE) Th Y, BUEMIZ HFHET TH 5,
DNA it o 72 8 DFEEHE, BHES 0. 1~0. 5mg & H
W, TV URIIEEIC K0T S, Al L7z DNA ¥
MEICHW 7T A~ — & T OF RSN pfM19

(56’ —CAGGGCGCGTAC-3" ) Tod v | FriE DFEIIZFFHE
HICHET 27 74 ~—%2HMET. 7/ L DNA D
M2 ORI DI 28R 5, HRLUCREZE
JE AL 7 VR KENEE B (TGGE) 127 T, DN
VRN —UERBET D, 22T, WEIS R L
LT, fd 77— D geneVIll & FH 52 & T,
TREETNC L D4 DNA R ROSER A (T ARSHOR
fRBAAGE ) ZRIET D, BIBRZ2 DNA N2 R 8 KD

10 RORFF T (B F : spiddos) D37 — HADUE %
AHEO 25 L ETOM) L. 2k S SISO
BCHTEDD, ZZTHRONDHREZ [/ A
Hf (Genome distance) | &EFKT H, T I T, ERD
BB I L ToFE#REZTICT 5 DEIsHERRE
(Genomic distance) | EMHEIIFKTHLH DD,
TR ) LEEEEE LTS AESIRI LD N
THREA Y TDHE VW) R TRESHRD,

3. &R

10 g4 5 FER DS LEEREZRIR L, V4 —F
EIZ K> TRERIZ R CTHIz, BIEE T, EN
FEIZOW TR A A BKHE & R)ID SR A (LA,
Koy, i) TENEN 1 DD I N—T L2 D | Wil
DIEZIIA « Koy LERD OO, itk ma-
T2 —H. ALHBEFED S. marmorata 13 & H & O Ml
OB ST, BKEPED S sauteri & L0 ITWFER &
mole, o, XAMMEBE TEHWELENSEH
iz (BL., BBMEOHERIZSEZITI),

4. 5%

GP ¥Ei%, 7/ NN DR &2 A - flifE(E LT
WAHET TR, BONIIERENLVFEER L
T2, SBIEMDOT T4 ~—THoNzbD L
LD, BMEICIGET 2 DNA N RERIRL, %
DRI ZRHT D Z LIk - T, KV el
TAEDFRHT 24TV, ARMERIHEC RAEH & o BIfR<P
KROHEE, HBRHIFRRECR 2 2 TR R OENC LD
fi i D HE DRGE &2 38 D,

=

......

E ) ATa T ANV (S marmorata ($f

=N . & . S taiwaneses(HB1E))
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VHIZK D TRIELEDERED

Vaim it RERXMTRIEICE TS

ELXBREHBVORBMRICEZ LEE

* i B UK - MEREREE) . B (Bl RK - #hEREREE)
EmEERER G - ). g B GUERKR - HERBREE)

1. [FL®HIC

T, HARKH =R (Cervus nippon; LA
T, ¥) OBEERMIMCEN, TRIEAEOED B
K OSRRMEOIRT, VY B ORI’ HEE O TH
PR, FEFERA., BIECHEIC X HAE3E, 72 Ekkx 72
EEARENEYIC KA TND, EBIT, ZhbD
WAL, MR EER R, EEER RSB K
LTCW5, £, VAL D FREREADBERAIT,
MR ORIV T, TR O%ZE, H5E
BOMAT/ EICHEER LS, FRC HEYHEEOK
2, THEROETHEIEE IND &, FMptm
D OIEM S D T ARIRICIRA L, BERA N2 b
Hro> SS HEFA BN BN U720 | IR ORI HERE) %
HWinxw=n42,

GRS A A HEE Y 1X. SRR DL Rk
mIrmanAEHy MIEG L, Bl wEi, B
AL KA, EERR & &V o ok x R ARTERLC
SETLHZENTED, Ekov Bz ks FEhtt
DFIEN | X L 2 RR OHURIHERE Y O HINNIE,
I RBICBTDEBRDOI 7/ a e Xy hOH—1L
RE . MRHEREY R A X B ET DI O
SIEREOENG Z WIS, RN OREMEL bk
B DT L, 0 &R U 7o lieisk & ek B & o
HIRFEBRCRENTZ, Fio, BEERERICERTS
&L RIS 1TRAT, EIZFPOM BRI HINERSE
OEIG BRI TR e b Z L bRE iz, —H,
2 WA TIE, BRI UG S LD MRS 1 IR

X0 IR ANT Ko THLIZ T~ S 4,

A R HERR U7 i & ek BRI & CUIT IR O R oy
M- T\ e, fR. RABEFHESMIEED 1
RSN TEWN L P 7EEZ LTV,
LNLERE, 29Walzv DA 87 MK
B RN O BRI L TED L I TR SO

X, RHATH D, & TRIFE T, LRk owFsest
FMTHD 1IRE, 2B L. SHITTRD 3 KA
AL DR CIEA BT R, U 2 — (AR
L L. T O DRE - BREERN L Z 2 HT
T5Z LT, ENENOFIUZI T 5 BWHE O Helg
Z2ATo T,

2. MBEAE

et ML, AR A AR CROi iy re 1t
M) WA DB EJINEREO 1 )ke (8 Hitlk) . 2
wA Qi) . 3 ke (1l 3 His) OFEKETH
% (1), AAEMEMRTIE 1990 FR LD U HiIk
2 TEMEAOEENBEELLL TVD, HM1HRko s
D OEAEM A B T KK 13ha)iE, 2006 4L 0
BABEMHC X - CBHEN TH Y VABBRATE RN K
LTS, ZRHOWETIE, AF¥, 7, 3
AFT, FFIF, BUTAIRENRECERTD
REBHBGH L TN D,

JEA KRB, U X —, HEREOREIL. T
JERE A= DIRBEDS B REMN 8 C o b B 7 D A S 1
(2009 /- 8 H) 14TV, 2N HDH T ILDfRFE -
ERZERNMR L Z T LT,

N 0 120 240
Sl ()
¢ 60 180 300
YT IR R

O: 1R&(Hh R HS8)
@: 2RAGAH2)
O: 3k a0 S $3)

795
Fence to prevent from 2
deer invasion (2006~) %

1 B R MR
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P-051 FLNSDHICK D TREIND LB &
EEDHITHT HEREERDEZE
SRILIE, EAE B G EREI TAZeR) . BIRTEHT, SORMARS (B i F 22T
1. [FLC®HIC x
5 ANBFESND & TR~ EWa G Shiz< 72 3 s
0. Ff, FACEBUHRT S Lk, oAk [TNG) [ tee
DRMEERTE RS 2D, T 5 LT Lok 002 NP
L0, ZLMICHERE L tb % Titicdet 45 . 002-005 - e %
TEMRL LN TWAN, X AWICHERE L= b * 005-0.08 ": o
BIREORBEZEZLI LMD, TRASOENR ®  008-0.11 el ¢
RIND, FOHFT, ARAFRELRDIMNTHKEE, ® 011< I
BT EEDBAE SND - L id, BNOREE KX T
Pl EHZENTRIND, T LIERND, Fig 1:TN O 7RI
ABFFETIE, & DD OHERS 4T - T % B 0D )
W B 1T DM L2 SRR EE & A & D RIIRIE A
BEIT- T, )2 :
> WEMA LSS N
AR THEO LGN ORI OFLEA Z LoD biomass(g) "{ ., .
% 8kn T, W05 8. 8k D & = 5 DR 2 %5 <10 SO =
2 LT, Jik & Ll WM 5050 (m?) o7t H "o N\
125, & & DHIET 50X 50 (cm?) th o BAE D S T I
A A~ AL FBLHERO N ZHIE L AR DA . zfo e

A AD5AHR E TN DRI E & DT,
3. H#ER
Fig11d, 2010 4 6 HIZHIE L72abIN _Eo> TN D
BEG T 2 g AT KT D & D S Z i TR T,
I ROBEHR T L ITHEE 2 0. 5m T2 LR > TV 5, b
P TS R DA 5 O 1 O A3 13RS 703 3 4RI
—ERE LD REODEXRENEFT L TWD,
Z DI, TN DEEIIMOHE L TEL 2> T
o WM LI O & DIRWER S Tid, A Iy
WA DIICHERE L T2, v My RS HERET 5 2
EMG, TNIREET0.19% (EERE) L TrE<
2o TWN5, Fig21Z, LAY 72 ) OFEASHDH
BEEOSMEZ T, INRERE 8o TWDHERS
RIS AT DO NS A~ ANEL Te o TNDH Z &N
DD,

Fig 2: EASAD A F~ A D534l

4. ER

WM oIz WL, mAEER D22  BAR
DL WGEHTET T PERSEAR T 2850
BWTH, @O INRENBII Sz, £72, KD
PNDLZEFESOREWEFT (>2.0m) TiX
TNREGHBEERD & I EF L TWD, kbiEs

DARNEEFT (<0.5m) TIXIN @ EH & & Hicadic

NAFZAREML TS, 29 L2 i, Ao
DD D& FFE TR LR OPERIC X > TT RO D E
AEEEMSELZLE2RLTNDL LN D,
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S LHETET/KMIZE T D FEEAE D £ BT & ERF AR

Goe

ARROR, B, RILET (B ERFEEEE ) | AL O s Rk A)

1. FC®IZ

A AR O A IR E DR AT IR R, ELEY
DFEML T2 D Z L 7e EDDERIROMERFICRK X 7otk
HER-T. BERO=FF LTIHRAKERNOZD
6 A6 10 A OWAKENTIZHIFRAKAL, 10 A5 5
A OIEBREN T FE RERIRALIZ R 7240, £ ORI
8mDKNMENSHD. LML, TN H00b 6T,
RTHTRHUC IV TR, 2 OfFEIRIC Y F 7 F FOBEA
HOBLNAHOND. £ Lich, T, RREE
R T DA X F X (Amorpha fruticosa) D
ELWHIAZ b, KEISHT 5 ENEES N
L. ZOLEEERDOL L KFETIE, 4 FTFF
DEFFI MR &~ 7z,

2. & - FEAHE
AT =S L OFANIIN TR T 5 4

(St. 1), A (St.2), ¥ER (St.3) @ 3 DFrDHi
Bkt 2 8¢ E L7z,

AL TTIE, ARTHTAKHLIC ISV T 8~14 BTV
ThE, A ZF o & EDfEAE IRRIEIEILAERE) O
AR LOTEOY 7Y VT EITV, £z, 1
[ZDOWTIE 125 u mEAF DRI DN T, S
Tk Lz, YU P IVORS S oW TR,
2EHFZCLIT, IN), BLO, ERLERNMKL
(615N)

815N (%0) = (Rsample/Rstandara — 1) X 1000
ZR7=, & 512, Yoneyama et al(2000)(Z7EV >,
%72, Yoneyama et a.(2000)D 7= & K&+
EREEFGECLT, %Ndfa) Z#H L7z,

5 15N — %Ndfa
= (615N ys — 615N,.)/(615N 1y — B)

Z ZC. BiX Fig.2 ol oY) F(soil TN=0 @
PR ORI EE LAY §15N), -3.6704 Z{GA L7~

3. R

Fi.2 13+ TN D& A ZF FHhd §15N D
BfREZRLIEbDTH D, BIEIZH TEVIEDHH
BB A LS.

soil TN-A#F /~"F¥515N
4
OSt.1 Sep

~ 31 o° ° OSt.2 Sep
\;3 2 o ASt.3 Sep
g 1k % XSt.1 Dec
T 3 XSt.2 Dec
50O W& x o
=% X ’

-1 0 <>0.(&5 0.1 0.15

2 soil TN(%)

Fig.2 +HEPFIN & A ZF X1 § 15N

Fig. 31X+ dd TN & %Ndfa DEfZREZRLIZH D
THDH. BEMIZETESCHRADHBENALND.

soil TN-%Ndfa

80 OSt.1 Sep
(m| Ost.2
_ 60 | o)@ St.2 Sep
\o_\; o AsSt.3 Sep
‘%ZE 40 | o XSt.1 Dec
= 50 | o 0 XSt.2 Dec
M X
0
0 0.1 0.2 0.3
soil TN(%)

Fig.3 +3Ef TN & A % F X %Ndfa

Fig4 3@ & TN OBfRE R L= D TH 5.
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1. [FL®IZ
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Influence of optically active substances on the light field in inland waters

in terms of Secchi depths

*M. Terrel * T. Fukushima * B. Matsushita (Univ. of Tsukuba * Life and Environmental Sciences)

Introduction

Inland waters are typically influenced by optically
active substances (OAS) such as phytoplankton, tripton
(non-planktonic suspended solids) and dissolved organic
matter carried to the water by rivers from the surrounding
land or re-suspended from the lake bottom (Reinart et al.,
2003). Previous studies related Secchi depths (SD) with
OAS by using two approaches: a widely used empirical
model and a model based on water optics theory; the later
had a further attempt because many considerations should
be taken in order to prepare the input parameters for the
model.

In this study, we compare the two approaches evaluating
their performance, merits and demerits; and elucidate each
OAS contribution to SD variation and to SD predicted
value. Identifying which OAS dominates the light field
deserves special attention to appropriate lake management.
Methods and data

Both models have been developed and tested using long
term data sets of two Japanese lakes: Lake Biwa and Lake
Kasumigaura, which offer a broad range of water quality
data and optical properties.

Empirical model (Multivariable regression model)
This model takes into account all OAS conc. to predict the
reciprocal of Secchi depths in an additive form.
SD™! = a,x[Chla] + a,x[Tr] + a;x[DOC] + b,
Semi-analytical model
Based on the theory of Secchi disc (Tyler, 1968), and
using the luminosity function, the visual range of an
object such as a Secchi disc is inversely proportional to
the diffuse Kg(A)and beam attenuation c(}) coefficient
weighted by the spectral sensitivity of the human eye:
SD™! = Bt x [ YO [e() + KA/ f2 YQ) dA
Where: Y(L) express the photopic luminosity function

and B is a measurement conditions factor (dimensionless).

Light attenuating processes involve light absorption (a)
and scattering(b) coeff. expressed as OAS contributions
(simple summations of their conc. multiplied by their
specific inherent optical properties (SIOPs)). SIOPs
obtained in these lakes were assumed to be constant and
then used for semi-analytical models. This assumption
could be tested on a temporal and spatial basis using
ANOVA. Moreover, the OAS contribution analysis was
performed by Global Sensitivity Analysis (GSA).

Results and Discussion

Empirical model performances were higher than the
semi-analytical ones in both lakes; they could explain more
than 60 % of the observed Secchi depths variations. On the
other hand, empirical models are found not to be
appropriate for the analysis of what controls the light
regime; for this purpose, semi-analytical models can
explain other optical factors involved in light penetration
in detail.

Tripton has been identified to be the most influential
component that controls the light regime in the two lakes,
followed by DOC in Lake Biwa and Chl-a in Lake
Kasumigaura. In addition, from the contribution analysis
to the SD variations, DOC variation was found to be
insignificant in Lake Biwa, but still its contribution to the
SD predicted value showed a high influence.

The use of constant SIOPs in order to predict Secchi
depths would likely overestimate the early records. From
the temporal and spatial prediction performances, it is
possible to get some idea about how SIOPs may have
changed. Empirical models do not give any chance for
improvement regarding the use of the SIOPs, but
semi-analytical models could do.

References
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EZITV, S OIZULTOSEEIT> 72,
AHBODOM)REN 2 Z Y = vy 7 —Tl

[ 4% 5 i@%’%(Millipore-PeliconZ-mini Cassette) [
V. 5F YA X 1000Da LI EoESy &
(HMW)DOM 1000Da LA T D4y F E(LMW)DOM
(B LTz, E72. C BT ¢ A 7 (Empore
Disk, 3M)% F V7= B K4 (Ho) DOM - #i/K 4 (Hi)
DOM D5 BE%EAT > 72, ENENDOZHETH LI
72777 a3 o0 DOC &N RIEZITo 72,
F7-. K 8m. 85m T TEH L 73kl HMW
DOM # L T} Ho DOM (=5t L T, FT-ICR MS &
AT o 1=, iﬁi’??ﬁ%’éﬁ%(DQC)?&)ﬁ?ﬁﬂfmi
Shimadzu-TOC5000 . 3 & T Jih 2 & ¢ &
Jasco-FP6200 &6 YR, 7— U =& i o ﬁ‘

/N %*Lﬂl J& RS,
. FRREEEC, LT

fﬁ(ﬁﬂf‘"fiﬂ%ﬁ T H—,
WFFERT, i F KRR FER

Bes !

, EiEEE

2 ((77':‘

TEEERIATRA

YA 7w ha CEESHT(FT-ICR MS)IIPEZEEL
e &I E DT NI —Z 0 b =7 A
Apex-Q-94e W IR AT  7F— R TIT

ST,

BREER

AREHDO DOCHEEIE.0.97~1.50 mgC/L THAii L,
FEO~15 mIZBW T 1.19~1.50 mgC/L % 7R
L. KRBT Em~20 m)Z 8K T L ThE
M5 JEE 40~90 m Tl 0.98~1.04 mgC/L TlEIE
—EREZR LT, 2. BAABESEIZBNT
I%. HMW DOC | 0.56~0.93 mgC/L, LMW DOC
1% 0.33~0.66_mgC/L %7~ L, HMW_DOC 7% 51~
69% % 5 7=, HMW DOC I @K « Efg/k Tix
PEEGHERVEN S (51~59%). H 8 Tldm O E14(63
~69%)% 5H7-, F72. Ho DOC * Hi DOC [,
ZNZh 0.15~0.86 mgC/L, 0.46~0.72 mgC/L %
7~ L7, 207 DOC REEIZ%TT 5 Ho B D E|E
I 15~60% & AKEIC IV E(L L, FEQR.5~13m)
TR (0.73~0.86 mgC/L)7)>D 55~60 % D&\
BEE LD, FKE 10~15 m 20T TER
P8 (0.85~0.49 mgC/L) L, 7KiE 15~85m T
E 52 (0.49~0.15 mgC/L) L, /K% 85 m Th
A 0.15 mgC/L Z 7~ L T, 7K 90 m C 0.50 mgC/L
oL,

FT-ICR MS HIFE DFER, RAEIOEEA 4 v —
27 13K 8m, 85m @ Ho DOM, 7Ki% 8m & HMW
DOM TIFIFIEETH m/zfE 1000 LLF TR &S
72o —77. /K% 85m ® HMW DOM D& &A1 4
E— 271X m/z i 1000 LA B2 W T H R S 7,
F7-. BB AL —0 OEBESFEND TFHEE
N +RoeFE % FIZVER L7 van Krevelen
Diagram (2 K o THERCE &Y ORI At L7z &
A, Cis#E DOM, HMW DOM & 4|2V 7' =
VERVE, XN RRE D ERER S Th D
DRI N, F2, CigFE DOM (21X hE
¥, MaAmmRAb/KFE) . HMW DOM (2 (XA~ fafn
DENT I AW, KGRI 2 o = K 'E
NEFENTND Z ENRB ST,
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