F4E LRIRERY

4-1 #%E

%1 ETIRAZIBY T HAROTFRICAERT DIEAEN DL  HERERIUZH 5 (Fn
H & 1996), ZALo OFEOMEREZ S CToOIZEE R Z EDOOE-D0N, EORDOAERRD -
A RBRBEOFECTH D ORF - AR 1999 5 f&H 2001), =D & 5 ZeffFeld—H o5y
FRECIT RSN TV D, 7o & 2R Mdfaiifi 2 2 < G 7 VRIRM O BT OV T,
%< ORENT VFIBMOF T HIRSN I ABREIICOMT 52 & ORKS - AR 1999), %
NI =F RO TIEI VENO TFEASOBITHORE TFRICAERT S22 L (BED
2002) LN SN TV D, HBIETIIMARED A~ 2 F THERBRESR: (FH 5
2003) LA EHIOFIAFFE CREFD 2006a) . 77> D58 (CKEF S 2006b) 23iH~H41, 7
~ /) TIF AV = THAMGITOREREN TSN TS (RIS 2010),

LU, KX O Th o Lm I AT 0 I F 7 0%, FAUBICH T [arfE)
EEINTVD FLEZR) 2 0bbT . TOAERREIZOWTIE RAE< o+
B G - B RRE AR RIS v # — 2007) & OFEaR=e, /M) ] O T
HHEICHBS 2 ORI - JR A H 1980) & DHIRNH 5721 Th 5,

ARECIL, AFEOABBREREZ B O NCT 570010, FGBEZEE) I DIk 2 E 15
IZBWC AEE G B~ 7 B2 N ADSM L BREE A T U, 2 OBIREfRIT L7z,
FIHETONT, AEORE AW CENTOMPEERZ B 272>, BAREICRB N T
D~ 7 m R b RAZFATITE DT DI AR AOG O TWAHTRE T 5 2 & T,
AHOFEN L VLI D EEZ 2D THY | BREICOWTL, gD~ 7 1
¥ N ADHGHREER E L TR bR DM EIREITINZ, MR LIRS Z & T,
LV BREE R E O R 2 B Lz, 7238, BREEE L LR oW ERINBR R O 4 % k52
&L, AEMBRBIIEER Lo T,

4-2 Ak
4-2-1 A&
TN, HEAE ORI E S D SB[ o £ Mo TE R KHKX) Tf7-o
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7= (Fig. 4-1), MO (HEREICLDHETH Y . BUEIZZE O TR MER KA
fFET D) 5 EFRISK 4km, THEISK 0.5 km OFEFHIZ 0.5~1km [FETIAD k7 &
7 8TA4 v (BRNDTA 0 1~9) ZRT. T4 T8I, Bl - o - IRl 3 &
BO(ENZERER A, B, C) ZEDT-, 2027 itz T~ oy b ROE4E

LBREOHEZEIT -T2,

4-2-2 I ORY FRAE

L2 IRAFUIFFTUEGLY 7 n_ N AOEEIL, 2007 428 A 11~26 H & 2009
7 H 21~23 HOTWIRHIAT o 7o, BIHELTZOIE, Ar I AT U IFTFT7 U OAER
(3 3 WS OF THHIEEEPIZH 72 0 EEEATREIEHE LWES, B OR TIREZ2MK
[ & 70 0 FRE DN LWVK~A T RET 72720 Th 5, AaAHLSICIB W TES T—E 'O
J& (2007 4F : 0.1875 m?*, %X 10 cm ; 2009 4F : 0.133 m°, S 20cm) Z#EH 0.5 mm Ofii
(T i BRI  E EREICR DR D 7272 BT 10% AV~ U 2 TREE LTz,
%B, YrIAhbvwraRy N REY—T 47 L, ARG DT ERBMET T CRER
ExLEDbL, LI EFHRL, 1mP Y- OBELEN L, BRECELT
[I85AR S (2000), ¥ - I (2007), JIIE - 47 (2005) 2SR L, fEE CHETE 2h
STEbDITZENL D b EORERETLE iz,

4-2-3 IRIFRE

G  Ta OALEF R E LT, W OJRED D&M T A > £ CTORER ] FCHlE
L. FlAMNZIE~Y A TAOFFEE DTz, £io, WL D00 T A o CIEEMBK E 21X
B KOS ZRE Lz, T4 4, 7, 9 TIX 2007 40K (11 A 20~25 H), 2008 4D
A 2A2~25H), & 6H19~23H), & (8 4 17~19 H) OTHIKHIHEFEW &Y |
IR TIROE S5 2 INROKE R (N T 4 A—%— Model 85, YSI) ICXVHlEL, 7
A1 TIX2008 4EDA (3 8~21 H) &&F (41 10~23 H) (2, [KEFXmND 7em Lk
(ZR%E L7/ N A U —/KiRHE/>F (COMPACT-CT Model ACT-HR, JFE7 L v 7) 1T X
V. E KOy 2 1 3 fRINE T 2 B FhERBLI L 7z,

HZEREE & LT, 2007 48 H 27~29 H OFEIRFICHEI L~V (Cls, Y F7) ZHWT
BT A CKUERIR A 35 Z A AER L7 BT 2 b &1, AR ORE R & RHEE,
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FETA L OTROEEZFEH LTz, HEROBIT#RED D \VNET VHEOKD 0 s DK
HEE TORIZTRARLE 23D T 9~14 WSS ZERE L, ARl SR O S JR =R 07K
fL & DFETIESOVTEH Lz, REIZT A 2 ETRIEO 2 MBS AREATSAEL L, B
B IZ 22> TR D AL ChIUL~ A T ADF S5 52 2o, THOEIT#EEH 5
WIET VRO 0 7 B R P £ TOACEIREE S Uiz, BN (LA
2008) %ZEITT D LOVHRIIMIN S KOV EE TN O 7 A > 1 & 9 ORo&ETZENE
A 10em B L UHI 5em EHEE ZiuD 2 &b FHAEEFHIZIS T 20l 5 m o KAL)
FLITEAR T & HREE LT L, T T DT A AT, JIEREIKAL & R P -
il OFE R, E R AS@E) R O K IIAKE T — 2 ~_X—2  (http:/mwwl.river.go.jp/) T
IANBA EAVTN D ) 1 iA] BLAIFT O R ARALBLI T — 2 0 BEt R Lz,

JEEREE S LT, BadHsIZis ) oW biEcEN (ORP) ., Jesra, HJuhifefE, &K
R, ARRESGAE (TOC), EREAHZHE (TN) ZHIE L7z, ORPIX, 2009 458 A 21 H
OTFHIRFIZ, ORP & (9300-10D, HORIBA) # MW TIEEZKE A H 5 cm OIES T 2 [H]
WE USEAEZ R L, %0 OXEE O4HTIZIE, 2007 42 & 2009 4D~ 7 o kA5
A BRI L 7= I8 2~5 cm OHEREM A -, EKERIX, T0°CTIER L 70D £ Tl S
- HEFREY) ORI B LI EEO ) BR®TZ, TOC « TN 1E, FpSE7-HRMIC 1 M
WA N4 IR A BRE LIz L. CN 2 —4— (MT-700, #IABUERT) % A -CllE
Uiz, HIBRIAE & Jesy SRIEa 0 il (R 1986) 12 &0 43#r Lz, T4 5% 2 4R
OB E AR LTz,

4-2-4 5 ERIEDOBEROENT

LI AF YIS T UEGLERER~ Y u Xy N ADSMA L BREE & OBMRIZ OV T,
ZDORRW IR E — o R T A 720, IEHEXISSHT Canonical correspondence analysis
(CCA) #1T o 7=, CCA TIFHFANI M GIEDFIMEREZ DWW T ORI 22 < THIT T,
BRI OBRHEM OBfR bt T X 2 (I - MR 1995) 5T, AFZED B A9 L T
Wiz, FEF—HZZIE, BULT £ CRE S 4L, P RoOME THBLL . S EE)Y 100 &4
SMUETH-T, 2uIAF YIS FT7UEER LM (Table 41 12O TRY) ZH0
2o FET—2Z OfEIT 2007 £ & 2009 EOFIEMEAEEEE (x) % log (x+1) ZHaL7-, B
B — 2 \2iE, T HEAS S OFRRE, FIROWE, &, FHE. ORP, YB3, I YCKIAE,
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Gk, TOC, TN, CIN o 11 A ZHWe, BET —21%, By —Z O5BIcHEIC
BAfR L CWAIER 1285 7=, Monte Carlo permutation test (2 J2 % forward selection 217> 7=,
HE/KUEIL Kanaya & Kikuchi (2008) (Z#EU p<0.1 & L7z, VALY 7 h o =712
CANOCO 4.5 (ter Braak & Smilauer 2002) # vz, £Dt%, LrIAXF U IFF 7D
A BB O BB ST 572912, CCA @ forward selection TR S 4L7-Br B ZLIA]
i LT, oy, JERERLE (PIShIiRE & Jem®) . t5m. BHE, ORP DAL
2 AFE D B AH505 L % T~ T

4-2-5 1B TiHEEER

LI AT IFF T DEG~OMMEAZ B HINCT D720, Bl D5 T TOR)
RIS~ 7 (ARBLOBHENOIFHT D BHE) ~OFAERL | <~ I OEFRERE N
Teo MOEFE LT 2008 4F 3 HICHUEIE OZEE) ] A Js K ONBYLA) A B CTHEE L7 fadl A 2
DE RN HEI LTI, E72i3EnaE sy 15 ppt DK EZENTE v — LTl
FORAESELLOEHAW, IROBRBUFIEITSE 3 T & Rk s Uiz, /%M 0, 3, 5,
10, 15, 20, 25, 30, 35, 40ppt & L. OpptiZ7&&EK (DW), #0134 — k27 L— 7P
L 7= Bt RN/ &2 DW TR 5V TSI L 0 MER L 7=, 1 [0 FEBRCId 1 A
DA AZHNT DIRE I, B RIEOFHK 5.5 ml ZHENTER U AF Lo 6 /UK
AR T L— b (LR 3B5mmX & X 16.7 mm, (7 XU ) C5~10 EOME 721X
4~6 fHIRD~ > 71 ZHeRE U, FERBERREE T CRAERME £ 7213425 B BIER Lo, PR
MO DOFAETIE, WTINDLDOESFE T~ ARHBLL THo 1 % E TEZEERT .
~ A DAFREBRTITERBAAT 5 A E TRIZE L, ROV K LI, FIIE 5 D%
4TI 35 ppt T2 B (IRVLF)EE 2 BIR) . £ LIS T 5 Bl (ZEE)IEE 3 fEfk, 1RILF)I
PE 2 JEIR) ATV, ~ 2 OAFRFEBRTIL 3 8] (ZEE)IN 1 E 3 i) 17-72, =L 22°C
L7,

4-3 R
4-3-1 LOZSRFHOIFFILEFTERBOERS
~ 7 Xy s AT OFER 2007 4= & 2009 4E A BB L EE) [ O AR TIRICIL 34 # 7
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YO~y FARHBILZ (Tabled-1), 205 HbLnIAFTUIFT T TG
MEDZE[E] 53T 2 Fig. 4-2 (14, MBS D0 AIITARIZ K D RE IRIEWIT R 72728,
FERITT R C2HEDFEHE TR LT,

Fig. 4-2i 726, L I AT U I T T 7 U ORAMDRHAEZ IR ~D, ) 117 17 D F3Af
PICEH T2 & ATT A > 1 TIIARE, T4 22 TIRHBE RO Th7a< | Ty
MHEPALT A > 3~9 Tholz, ZAUTTEFAD G _EF~K 2 km, T~ 0.5 km O
WCTHolz, ZOPFTHEABONAILTA 4, 7, 8, 9IZEHL, 7423, 5, 6B
D HBEITBEET 2 7 4 NACHABEEICR T LTV e £ 74 VAOOTMICER T2 &
ARITZEALEDT A L TRMDER ATIRONT, 72133 LR 72Vt z R L
oo ZORMIRERMILT A > 9 TIIRLNT, AL T A > BIZIR 94 LTz,

U LR A MO EERO /54 (Fig. 4-2a~h, j, k) KT 5, 2uIxFuIFF7
S O it 7 1) D F= 72 3 A RaR | IAFEIZ R Cld 7 < | Heteromastus sp. (f s 0 A ) |
N A=A &7 Pseudopolydora kempi, ¥~ K A &4 Prionospio japonica, 7Y I #3331
{LIFE Eteone sp. cf. longa, Capitellasp. (1 FZHA Bl &AFE & [FEROSARHIE (F1 2 2
~9 HHUNE3~9) AR LT, ETARED /AL, Notomastussp.  (f b= A A %) (3
2T A > 1~4125540) LV HERl. v~ b T2 Corbicula japonica ([Fl, 71 > 1~8) &
IR B L2085 bAaiRE LT, 7 U Ruditapes philippinarum ([F, 71 > 8~09)
&Y FF 7 = U7 Armandia amakusaensis ([Fl, 74 & 6~9) LITEHDBICEHEBE LR 5
s LTERTH -7, —75, W7 1800 220 AREEIIC I 1T D45 E 7 A »~D
P AACRMNE RA~DIRESAIL, MOFERIITR N2, AEIFFEOLDTH
o7z, 72721, Capitellasp. & AR Y I \rfPfdiL, 74 23, 5, 6123V TARE &
) ZR B SSEIMER ) AR L7,

4-3-2 FEHOIIRE

BRESRAE OFE R Table 4-2 179, ZHHOBREEEE O 9 5, ORP LIS BB EREEE H
AU D &) AR D O BRBEO R AR &0 F R & O FEEE E 72 13 Sk BB O
THOE « FHE - ORP ORIICITAE (p<0.05) 2N SH -7, IT772bb, EiiRMloOFHAE
AU EIRE ORLF VIS < e - Ky - Ao EEN &< &S EWEEIIZH Y |
TS LIIHNAIT, FEOIRAAWIZE ERED/INE < ORP IXEVVEM A B -7,
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Fig. 4-3 ([ZITHEHIE Z~d, 74 > 3, 5. 6 TIETIROMEL 30 m fijtk & k<, 2K
IR B ThoT—J, T4 1 2, 4, 8 TIXTEOIEA 100 m s LIRS, Ak
BNAERI DR o T2, FTIZEAEDT A 2 THRHAITHL, Z ORI D> Tl —
TEMERPO T OMEA R L, ZOT0ER A TREED 0 lZEW DTN T T ZADfE
b HEME 7o T e, BISMNIZ T A 29 TIHFED BAREIRR O T £ T e i 23 e
WU,

Fig. 4-4 (ZI AR A © OB T 2 IEE MUK £ 721 3E KRSy ORI & 7
Bl g, BT FUlE & @myMER 23 B 0 | 3T LR D ORERE SRy OFRIE L LT
BEZ TR ERSNI,

4-3-3 CCA ZRW=5 L IRE DR O

CCA @ forward selection Ci. AT HJESA D OFEEE « dhduki Bl - e - B LIk
p<0.01) - ORP (p=0.076) iR 417z, T4 b 5IHH ZHV /2 CCA OFER, fHFHieE
TIVIEER 2 TEUERH (LT fih & 5Ral) & CCHT — & OO 67.0%% Hi8 L 7= (Table 4-3)
55 LRI D FARD B O REEE & B ANIEORBE, ki ADOHBIZ A L, 5 2 dil
(ZIIREE L ORP SIEOMBEZ A L T e, DEVD ArIRXTUITF 7o aagie il
v 7Ry SRR T HIERD D OERE (5 OFIE L B/t %) - hJUhIP R - 1 & & AH
B 2EREEAEL & . T & 3N TRE - ORP SRR AEREE AN & IS LT L T
Wz Z EDTRENT,

CCA THROLNZET VO 15 2 B3t 2 HUR ORLE & FEORE 4 Fig. 4-5 1277
R ORE (Fig. 4-5a) TliE, H1#h L TENOLEICT A > I~9 DIEICEE SN, Zi
(T 1 EhAST | RS OBREE AR TH 5 Z & EIIOD T A T EHEA DM < R T
WS SEERBENZ L 2EWT 5, —F, FE28hETIE 743, 5, 6 ™MD TA
IO THIEESI, 714 Z8ICAHLEER A, B, C DIETELFNL FHICEES
WA D>z, ZAUTE 2 23R IRE T MO ABL & IFMNL LTz, T4 VT A &
NOBEEARLTHD Z L, T4 38, 5, 61IMDOT A LV ERCITER A X VR
ATORP MMEWZ L2 BT 5, £72, Lu I AT T IFF 7 2O IE5T D 37257
MHPACTHD T A2 3~ XTSI (TA4 2 1-2) L8 Ll ECRBISH, WG
MDA FHAN TAREDR > 7o LT IIRONT MR RN T A 4,7, 8, 9B LUK
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TAVHTOERAIZZENLS (1423, 5, 6, ERB, C) &2 LTS,
T A, ATEOI) N Fsh 75 171 O L7225 A EEPH I I35y « TRk E - EEmSBhE L, AME
DRREFAIIRE L ORP AR L T D Z & 2 EHHT 2,

[FERIZ, FEOBLE (Fig. 4-5b) TiE, F 14k TH - & H 412 Notomastus sp., o & 6
EIZTY Y Yy A 47 2 )T HERE S 7KDY OFEITZ S OMICBAERICEE S 7z,
Z#UE Notomastus sp.i3 s - & B ME S JEERL 72V S EEEmAmWE 2 A, 7H VI
ZORKS, LaIATUITFT 7o 2dieik) OMITh 6O TY LTORR5 L5
LA O L EEWT D, — L 24 TR BEAICArIRFUI ST,
THZAHRY IH v 3rElfE L Capitellasp.. JRAUTIZHE Y OFEEE Sz, Zhudbm
RAFUIFF T AMERIEELS ORP NEWE 2 A, R Y IV Lo\ & Capitella sp.
TZ DR, 520 OFETZ N6 DARD PRI AT LE SO L 27RRL TV,
Fo, URIGERIZE S Icam I AT 117 U35 2 #il B Ol EEHED S BRIZ X
MEINTZZ &6 FEREOH TR TZ - TeDIFRHE L ORP (T 2 A DT
bDHZENTBRENT,

4-3-4 BBRBERICHTILOIRFTIIFFTISORH

CCA T SN BRBEERNCK T2 L1 I AT U IFF 7 L O5054M b AFEOA BB
B A IR R D,

HZOWTR AR T D v X 2 F 0 )7 O FEps A (Fig. 4-2i) &
WL DD T A L TOFRME SR (Fig. 4-4) Z Ik 5, AFEO T 720 ATHH O i Lk
Ui Cdh D T A 3 TIHHESPNEN TERDP>7eh, 2 2 O3 200 m FREREN =7 1~
4 DS ERESEDLRNEZZ LIV, T4 2 4 OBRAKE 71X 55~27 ppt Th-o7,
Z AU Venice system (IUBS 1959) DEFEIZISIT D o -Hlglt (o -mesohaline) 75 it

(polyhaline) VR/KIZEZY L7z, — 5. AR OR Mt Ch D T4 > 9 TORBR
KEESFIE 21~27 ppt TH Y . ZIUTZIMEKITEEY LTz,

JEE DORLA-H A KNZDOWTIH, AFEAZL < HBL U7, Iekifefns 100~280 1 m
TEIREN 2~18% DIVE CTdh-7- (Fig. 4-6).,

BN DOWTIR, A2 < B U723 &2 10~—60 cm €, ZiuFiad iz

DR~ N Th o7z (Fig. 4-7)
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RUELJRED ORP IZ2OWTIE, Ar IR T U IFTFHT7 UL < 540 LICGETIIRED
—0.7~0.2" TORP A3 60~140 mV D& Z A, JTbbIEERN S L Th 7 272 EHT,
JESE D ORP MifAIR O Chie b < JES 5em TH Hom{br 728581 Cd - 7= (Fig. 4-8a) ,
KTAIZ, Capitella sp.732 < 734 L7235 PTIEARVE D —3.8~—0.8" T ORP 3 —60~120 mV
DE A, TROLIAEIRO T TR ORI T, JEED ORP MK | RS 5cm TiLE
TEHNZ 72> TV DHIT L E ATV (Fig. 4-80), Y~ N AEFIIERIAFELS ORP OFE
EIAIELGT HRTIZLR I AT UIFTF TV ERLThHo2A, HAE T ORP
DR E Z A FTIKL 47T D s TR > Tz (Fig. 4-8b), fthod> EERED /347 1 XX
LTV, AR Y 2 Y IR T Capitellasp. & [FEETH - 721E30NE, Y~ b A A L
FERTHY ., Lv I AT T I T T 7 UNT ERRMR - 7 ORP IR 72041 & LRI 2

277,

4-3-5 1E5itiEEER

Fig. 49 ICBR DR T COLR I AT I T T 7 VOPHIEN G~ I ~DFE
T, ¥y 0 ppt & 40 ppt THERAEDRVEMETRENEL, v~ DETREERZET
SHTRITEERETS 5 7, 53 35 ppt TIXRKRTH 14 %DIR LN~ BT/ BT, R0 DR
IFFARPCRE MDA U, M5 3~30 ppt TILFHIT 70 %A%, KTl 90~100 %D
RS~ BT D TG DO~ IS ERERMET TR T & DATEROIE RO R 13727
olz, ¥ U AETORAEITI D> T2 AU 3 M T, —BHESROM CIRITZ RIS
A L7223, Hisy 30 ppt TIIMh OB/ L 0 1 REN DB B -T2,

~ N BB KICETE LT AT, Hi) 3~40 ppt Tix 5 A% E TT T oMK A
17U, #5530 ppt TILFEBRBALET BT X COEENSIELT Lz,

4-4 ER

AWFFRIZ L - T, ZE)IDERTRICBT 20 I A7 U I FF 7 O04F, 0
JFR2N S B~ 2 km,  Fiii~f) 05 km OFIHTH D . ZOHPTHERED T A LT
L. IBIZELDOTA U TIIHIOERIZIRESND Z E3bho7- (Fig. 4-2i), CCA I
AFEA TG EER~ 7 a Xy P APAVNIMNLT 2 2 DOBREFEARICNE L THfdT 52
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AR U, ZAUTTARED S OEEE (RORIE L 70 2) 3 JOUERE O H Jehife
it A & FARES 20 [Feih 7 1 OBRBE AR & | AR K OVEE O ORP L FHRIT D BREEA
flCd -7z (Fig. 45), CCAIXFETz, BEFDBREARIIKIT DABOINE 2 — 1%, &
Fip~w/a Xy NAOH TR THDH 2 &~ LT- (Fig.4-5b), Z#u5, CCA THr
A & BV SN A BB RIS DUV T, ARENZ A L OV E MO A AFEOEL.
BREERFIE & A pd b huE, 1) TEBR/KIE 23 et~ 2% (mesohaline~polyhaline)
T, 2) 2~18% DI % & AT IR 100~280 u m ORYE, 3) MM~ THE, 4) 0.8°
HNi DFEMER F 71T 0T M7 e, 5) JEE D ORP 23RS 5em T 60~140 mV & +431l,
7e)KE, CTH-o7- (Fig. 4-4,4-6,4-7,4-8) ,

Rtk 1) DI, AR~ BRI~ OMHESMEN 2 EAHEZR SN D, 2T,
AFE O FEsh S5 17 O A3 AT FEPA S, AREPEVKFE & LT B 415 Notomastus sp. ([LE
1996) X V¥, st KRR & L CTHI B LD v~ B A B4 Heteromastus sp. (115 1996)
CIEEF CHFFACH o7z (Fig.4-2) ZE0DbIFFEND, A TIET A > 9 K0 ¥
I B AT, BSOS HRFUIIA S NS TE Aed oo, £io, HOTHTEERD S |
<~ IFA 7 &b 5 BT 3~40 ppt DIEWESHEIPH CERTE D Z & nbhoT-, L
D> LIRS B~ 2 TI ~OFEAITDOWNTIL, His 35 ppt L EOWK T CIIfENA TS 2
EWRENT (Fig. 49), LI ->TTA 2 9 L0 HEFIOMBKERSE CiE, HKKZ: i b
WO SAVIERSAERT DA REMEIXH 2 DD, BIHITE RN EB 2 bid, Ktk
2) 13, WETRICAERT D (M) - SR HOTE AR S o % — 2007) &9
MERDMAE —F LT, 7272 U CIIEE ORLA-H A KI5 18 O BB &
Slele, T4 12 TORFEDARIE « EFEIXT (Fig. 4-21) BEWETRRIZL D H D
MRV KD 6 ODNTHIBITE 22V, JEERLA- YA RIZOWTAROA B E2 I 5
NS DI, M55y LR XAVNL L O DA B A G ekl 2 72 E BT O - BR
EAEZIT O LR D D, FME 3) 1F, W TEICOMT D v MBI A (T
) THLNTWDHEROHE, CRIG - B A 1980) & —F L7, Ziud, AFEOT it
PEDMENZ & 2RI 5,

Rtk 4) 5) 13, FER~ 7 vy hAOHPTHARREICFHE Th o7 (Fig. 4-8), ORP
TEE DX, BERERBOIRETH U | —RAIZ ORP NADEZ & 1 Eyelk L7 EE
Tld, BERE LT DOTAENELE A DA B ZHIRT % (Pearson & Rosenberg 1978) ,
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AREIEHER~ 7 B2 FADOHTHFEZ ORP DEWVEE I3 L, Z D50/ % — 1%
THYFEIERE & L CHn s Capitellasp. & IEx DO H D TH -7 (Fig. 4-8), ZDZ &%
AFEDEFRFRTHEDFHARN Z & 2R 5, AREESRMNME DR S 2 7med 2 %0 LI 3ARE &
A CHEKMEA T 7 2 FF 7 @O ALK FE Cyathura polita (Burbanck 1961) <°FEEKfE Cyathura
carinata (Cardoso etal. 2004) THAFLINL TS Z EMND, TIVDH OFIIEERERMEIZEI L
AN LB L7 AE R 2 b o B BILD,

EARHIPAR F 72 TR DOIR S & BRI DO YA X LM AITHEHMECBRET 5203, ., fiH
BOfEN L ZATREER 723/ S <. TFHEHIKPEEICRF S0 90 (Raffaelli &
Hawkins 1996 ; McLachlan & Brown 2006) , AFHAM T, EE DK & RIZBAZE 725 VT
IRinotz, Lin L, iRk CIERE BN OIRHOKIEE D B bh, "0z &
L72” Bz 2 LWz (Fig.4-10a) —J7, SRR TIHEHOKIZE D ITALNT, K
BRIk DEE > TWD L 912k z 7 (Fig. 4-100), Z DT LB EE L, FEERH

B 2T HRFOEE LOEEFHO/KIZE Y DM & 2O TATRD AT # B 2 /£ A+ H LT
LOTIFRWINEEZER D, ZOOLDIUIKDIHEL DS DONEZ B, ZHUFFHE 3)
OHER SN AFEDOFHMMEDR S B b3 s D, & 9O EDITIE, K& L7k
FUAEDRBE S D, —MRANCITARE AR CIREE 1 TRe i 72 © 0970 (Raffaelli &
Hawkins 1996) 78, AFHA 1 CIIERIDE U ME & ORP 23y & W 9 W OARREA 2 & v 7= (Fig.
4-8) , FRAEFHTITAIZIT BN Z LD | RKNS OIERFUASI TR T2 L BEZ BiLD,
LU, SRERH TR ONTZEHOKZE D OKITRBEKICHK T b0 EEZ L, #£
JEKIFRR LB LBREZEEICEGTLBEZXLND, LIeh > T, RERMCIREGH K
F V2N L CEBEICBREORE KM IND Z & TEEDSEALAINT 2D | SERHT
13E ORPIEEINARFF SN TIHEH SN D 7o DITRE DR TN/ > TW D DO L7
WV, O ETRUR, AREOFER O, BRERMEOESITER LB O
2o

¥, AWZEORERIT 1 SOABHIZI T 25040 « BREFHENOHEONTbDOTHL T
D, SHROMEE LT, ARIFFE) BRI SV AR A RRET 2 BN ERC, o4 R
HUZIST D000 « BREHEZATO 2 ENUETH D,
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Table 4-1. Macrobenthic invertebrates found at 27 sites in the Tama River Estuary in the summer
of 2007 and 2009. For each species, mean (+SD) and maximum (Max.) density (the number of
individuals per mz) of the 27 sites were calculated from the local densities that were estimated at
each site by taking the average of the densities in 2007 and 2009. Frequency (Freq.) is the number

of sites at which the species occurred. Species collected from more than 14 sites and had the

maximum density of more than 100 individuals per m? were used for the canonical correspondence

analysis (CCA) as the major macrobenthic species (presented as O), which include Cyathura

muromiensis .
Taxa Density (indiv. m?) Freq. CCA
Mean + SD Max.
Nemertea
Nemertea 9+14 53 14
Mollusca
Assiminea sp. 09 +42 22 2
Stenothyra edogawaensis 0.1 +08 4 1
Nassarius festivus 0314 8 1
Xenostrobus securis 03 +10 4 3
Musculista senhousia 17 + 58 305 12
Mactra veneriformis 39 £71 255 11
Solen strictus 6 £ 11 34 9
Corbicula japonica 166 + 158 587 25 O
Mercenaria mercenaria 1 +28 12 4
Ruditapes philippinarum 41 + 89 350 16 O
Meretrix lusoria 0.1 +0.8 4 1
Cyclina sinensis 03 +11 4 2
Laternula marilina 7 x12 49 15
Annelida
Eteone sp. cf. longa 89 + 108 459 23 @)
Glycera sp. 24 13 6
Sigambra phuketensis 26 23 4
Ceratonereis erythraeensis 9 +£23 105 8
Neanthes succinea 0.1 +05 3 1
Hediste sp. or spp. (diadroma and/or atoka) 1936 + 1348 4180 27 O
Tylorrhynchus heterochaetus 03 +17 9 1
Prionospio japonica 453 + 465 1884 27 O
Pseudopolydora kempi 544 + 710 2679 27 @)
Heteromastus sp. 387 + 524 2185 26 O
Notomastus sp. 79 + 136 509 16 O
Capitella sp. 27 + 39 128 19 O
Capitellidae gen. et sp. 2 £12 65 1
Armandia amakusaensis 48 + 89 361 14 @)
Crustacea
Copepoda 3 +£13 66 3
Cyathura muromiensis 83 = 135 451 18 @)
Grandidierella japonica 14 £ 19 71 17
Melita sp. 3 +13 69 3
Cumacea 46 + 76 286 15
Insecta
Dolichopodidae gen. et sp. 02 +£1.1 6 1
All macrobenthos 4016
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Table 4-2. Environmental conditions at 27 sites in the Tama River Estuary. TOC, total organic carbon
content; TN, total nitrogen content; C/N, carbon/nitrogen ratio; ORP, redox potential. Geomorphological
environments were measured in the summer of 2009 using a level. Sediment ORP is presented as the
average of twice-replicated measurement at 5 cm below the surface in the summer of 2009. Other
sedimentary environments are shown as the averages of the measurements in the summer of 2007 and 2009
using 3-5 cm surface layer.

site Distar_1ce Geomorphological Sedimentary

(Line- frmdxer WIdth of )06 Elevation Median - Mud - Water gy ORP
st) tidal flat (degree)  (cm) grain size content content %) (%) C/N (mv)

(km) (m) (um) (%) (%)

1-A 0.45 8.9 88 40.7 409 146 0.104 137 63
1-B 3.9 82 -0.63 24.4 139 4.7 31.7 0.36 0.045 8.3 108
1-C -1.32 -15.1 156 3.4 323 0.28 0036 74 111
2-A -0.63 -9.6 75 447 318 101 0.065 152 50
2-B 2.8 107 0.01 -10.1 79 358 369 1.06 0.08 122 109
2-C -0.63 -34.6 127 7.4 30.0 042 0.047 84 107
3-A -3.03 -16.0 151 8.1 295 0.84 0.056 13.7 94
3-B 1.8 25 -0.33 -27.0 190 3.8 260 034 0045 7.7 58
3-C -4.69 -55.5 104 25,7 363 0.95 0.083 103 63
4-A 0.24 -1.6 99 185 319 0.65 0.062 108 120
4-B 1.6 93 -0.75 2.9 167 29 294 031 0.035 82 96
4-C -0.75 -28.1 140 109 326 046 0.050 9.6 129
5-A -3.83 -15.8 269 0.7 216 0.14 0.022 58 -24
5-B 1.2 26 -2.52 -46.8 216 35 241 020 0029 7.0 33
5-C -1.60 -81.8 152 104 29.1 0.34 0.037 9.0 116
6-A -2.75 -18.0 191 1.9 247 021 0034 65 -59
6-B 0.6 35 -1.26 -47.0 205 4.7 254 0.24 0.030 75 4
6-C -1.43 -72.0 229 12.6 275 047 0.046 9.8 56
7-A -0.75 -27.8 234 45 254 0.28 0.032 8.2 115
7-B 0.3 57 -0.80 -45.3 197 4.6 238 025 0.029 8.2 87
7-C -1.32 -70.3 116 270 320 0.65 0058 11.0 -15
8-A 0.04 -42.9 288 2.5 26.3 0.27 0.031 86 136
8-B -0.2 106 0.07 -42.9 262 2.8 246 0.22 0030 7.6 61
8-C -0.69 -58.9 240 3.3 26.2 0.27 0.033 82 90
9-A -0.06 -59.6 234 4.7 26.8 0.23 0.025 8.1 105
9-B -0.6 69 0.03 -58.6 243 2.5 26.3 021 0.028 8.0 108
9-C -0.32 -55.6 232 3.2 27.2 024 0032 7.7 77
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Table 4-3. Summarized results of canonical correspondence analysis using
11 major macrobenthic species (shown as O in Table 4-1) abundance data
and five significant environmental variables selected from 11 variables
(shown in Table 4-2) by the forward selection (Monte Carlo permutation test,
p <0.1) for 27 sites. Inter-set correlations between the significant first two
canonical axes (Monte Carlo permutation test, p <0.05) are shown.
Significant correlations between each environmental variable and the axes
are indicated with asterisks: ***, p<0.001; **, p<0.01.

Axis 1 AXIs 2

Eigenvalues 0.158 0.035
Species-environment correlations 0.971 0.86
Cumulative percentage variance
of species data 54.7 67
of species-environment relation 75 91.8
Inter set correlations of environmental variables with axes
Distance from river mouth 0.9661" -0.0728
Beach slope -0.079 0.6459™
Elevation 0.6866  0.3421
Median grain size -0.7638"" -0.0546
Sediment ORP 0.0866 0.5446"

114



L

Line 1

Ebitori River

Ota

Kawasaki

Tama River
1 km
35°
40" N - )
Tama River  Tokyo
\ Tokyo Bay
300 -~ Kanagawa
S N

of

Yoro River

Obitsu River

10 km

I
139° 50’

I
140° 00" E

Fig. 4-1 Maps showing the location of the study area (the Tama River Estuary) in
Tokyo Bay, Japan, and the locations of the nine transect lines indicated by arrowheads.
Three sampling stations: the shoreward, mid, and near low-water level stations (St. A,
B and C, respectively) were placed on each line (detailed description is given in Fig.
4-3). River mouth (*) is based on the point where the distance mark origin of the river
was established by the Construction Ministry (currently the Ministry of Land,
Infrastructure, Transport and Tourism).
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Fig. 4-2 Spatial distributions of the 11 major macrobenthic species in the Tama River
Estuary. The column length indicates the density (number of individuals per m?) that was
calculated by taking the average of the densities in the summer of 2007 and 2009.
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Fig. 4-3 Intertidal face profiles of each transect line. Elevation is the height above sea level
of Tokyo Bay. Circles indicate the leveling points, and closed circles indicate the sampling
stations for macrobenthic invertebrates and environmental variables. Dotted lines indicate
the mean high water springs (MHWS, upper) and the mean low water springs (MLWS,
lower).
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Fig. 4-4 Annual salinity range and annual average salinity along the Tama River.
Arrows indicate the location of each transect line where the macrobenthos and several
environmental variables were sampled. At Lines 4, 7, and 9, salinities of interstitial
water of the sediment were measured in the autumn of 2007 and in the winter, spring
and summer of 2008 to be used for the calculation of the average (indicated as closed
circles), minimum and maximum (indicated as line caps) salinity. At Line 1, salinities
of water at 7 cm above the sediment surface were recorded at 1 min intervals during
two weeks from 8th March 2008 to 21st March 2008 as the low-rainfall season and
from 10th April 2008 to 23rd April 2008 as the high-rainfall season to be also used for
the calculation of the average, minimum and maximum salinity.
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Fig. 4-5 Canonical correspondence analysis ordination diagrams: (a) site scores
and (b) species scores. Arrows indicate environmental variables. Sites are
indicated with the line number and station name. Species are indicated with the
first four letters of the genus name listed in Table 4-1.
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Fig. 4-6 Distribution of Cyathura muromiensis along the gradients of the
median grain size and mud content of the sediment. Refer to Fig. 4-2 and
Table 4-2 regarding data points.
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Fig. 4-7 Distribution of Cyathura muromiensis along the gradients of the distance
from the river mouth and elevation. MHWS, mean high water springs; MLWS,
mean low water springs. Refer to Fig. 4-2 and Table 4-2 regarding data points.

121



<O

0 10

% of maximum density

(a) Cyathura muromiensis
200

150

100

100

(o)
o

Sediment ORP (mV)
o

O
o
L]

-100

200

150 F

100 F

50

6 5 4 -3 -2 -1 0 1 2
Beach slope (degree)
Fig. 4-8 Distributions of (a) Cyathura muromiensis, (b) Prionospio japonica, and (c)

Capitella sp. along the gradients of the beach slope and sediment ORP. Refer to Fig. 4-2
and Table 4-2 regarding data points.
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Fig. 4-9 Effects of different salinities to the embryonic Cyathura muromiensis.
Columns are the average developmental rate from the early embryo with the egg
membrane to the full mobile juvenile (“manca”) which should leave the marsupium
under normal circumstances. Bars indicate the range between the minimum and
maximum value in the replicates.
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Fig. 4-10 Two different types of intertidal geomorphology in the Tama River Estuary: (a)
mildly-sloping wide tidal flat with slight depressions over which small tidal creeks run or
pools exist; (b) steep and narrow beach which made of compact sediments without any
tidal creeks or pools. Photos were taken at (a) Line 8 and (b) Line 6 during low tide.
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