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Studies on the role of primary producer diversity and suspension-feeding bivalves
in the lower trophic ecosystem in subarctic estuaries and lagoons

-integration between field observation and numerical modelling-
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&
o RFBOEEEDHE

TR ERE LM OB RIS L, DK EANERDZNZNLDIRADRBEZ TR 21T 5 2 LRZU.
TR (PR Bk 180 m £ TOREMIE) 1ZAEMEN SV TH Y, BALEAY 72 ) O EEE
IIIMEDHK 2 %, FSEAEPE RIZWIED 50%% 5T % (Ryther, 1969) . £7z, InfRAERER, FRICHER
B IR D B O T AR O R THIEF TR WVERBR Y —E 2 %% % (Costanza et al., 1997).

IBFBIIARIRDN RN, MEE THIIOENEIET 22 ENE. 207D, W77 7 o2
T, R EIAOIE BICMAET OB, MEOHERY) B8 3 2 RARGIEE,
LW o Tobkx B FER BWIFAEL TV D, KIROEN N CITHEW T 7 v 7 b o3 HE SR
PEE L2 D08, VRIEECCIT BN E A Y 72 V) ORISR OBRFENEY 7 Z 7 b o LR%E» BN S
Z & v H D (Cahoon, 1999 ; Underwood & Kromkamp, 1999). 7=, K DT T A X ARSR S 9IC
W E CUhBE3 2 2 &N S HEFREW — KEE ORBIE 7 7 v 7 AW RKEWTZ & (eg., Falcao & Vale, 1990)
SOHEREW) O PR (e.g., Lund-Hansen et al., 1999) %4 1@ U C, EAREFEROBENE CTHDH. L=
Mo T, EWAEFEA R Ul R ERFE A dn U BRI, FlEAERRRION X CIERAAREROEE % B &
TOMERSH D (LA - %, 2002).

Nixon (1988) (XK CTOHRAMEFEY 72 » ORI MO & L CTEWZ & 2R L, ZDOFHh
& U TYURITIE —RAEBEIZ K » TERR S NIZ A DK ER ~ EBATT D8RP EN 2 L 2280 7.
ZNETIS, W77 7 b OREFEERE ~ 7 v Xy N ADOBFREICIEOHEBENALILD Z L3 H
HFEINTWD (Kempetal., 2005). Mz T, HEAEAERENKE WVIEEIE ETREENZWMERR A LD 2
EMRENTWS (Nixon, 1982, 1988) . £7=, Z OM[ANIIMITE T b [FIARICHER STV % (Oglesby, 1977 ;
Downing etal., 1990). D728, NFROEHEAERZ WED 2 2 SIKEBROEH (RETEORKE
ROl ERTEROMT) O L THERERFEL WA, ERAEERO RV ITMATENEXAD A=A D
EHOMDICTHIENEETHS.

E 2

o —HMEBMEDR

RFEBICBWTEWE R CTERT S (BIEIND) BB EME BRI, &VIEEREY), REE
ORI, BRI O HEFE biodeposition %18 U CWVEEER IC K X e84 5. 2 % (Ju=E, 1992 ; Souchu et
al., 2001 ; Newell, 2004 : Forrest et al., 2009). — K HEH OB FEIZEITIC L > TREXL B 570, WETE
BAOHBOREZITMRA THDLLEZXADND. IRFHTORERR L L TERES 27 AT XD KA
FIIEERNEZ LD DL 2 ENRZVN, “HEBHORR 2B 2 EZRNS MHAEEEZ XX D AT =
A DFTHFITHERI TR, £z, KEDOELFEIZ L > CTHEEROBWHAEET L bH Y



(e.g., Suzuki, 2001 ; B0 - G, 2003 ; Al 5, 2010), /KEEE OE K QR 72 3856 7 B OME sk
HDHATND.

BRIEINZ ) (carrying capacity) [XFRGERY 72 B CAEME IR ORI BI T 2immic W Tt & 72 DS
Thsd. ZHWETERERICBITAEBBNAENCONWTIIHA RN I Ty, ZOERIIHEAT
& % (Kashiwai, 1995). McKindsey et al. (2006) IZEREZINGY /) DEERER 72534 & LT “physical carrying
capacity”, “production carrying capacity”, “ecological carrying capacity”, “social carrying capacity” @ 4 >®
ERLETTND., ZRODEERNOGHND X1, “HEBEOREENE T G 2 BRI R #
FETZT TR, EER, K&, AR, R ~ORBEEBERTLOILENDD.

o NEEBOBALIHMBELEBRRETIVOER

BT S WV EWAEENE 2 R TS, BRITEICIIEE L TV D 2 ENE N Lo NEIEE DB 41T
RTWEITbH 5. bl b OMAAROEN () 12X 5EREl (BREL) O, EiESOR
3¢, HIBEKIRE L2 & OKELENC LD REZCENMBE L > TnD. BARENTOBKEI 22505 &,
AR OFEE (Montani et al., 1989 ; B4+, 1998; K25, 2003 ; LI &, 2011), &fEHE AL - H#iO %84 (Suzuki,
2001 ; ¥& 5, 2003 ; ¥, 2004), #edsy - TS (B, 1993 ; /Mab, 2003 ; (Ldks, 2005), fadr
FDOREANNE CNVNRD, 1996 5 A 5, 2000 ; iTE S, 2012), MMSEAEEMEOET (a5, 2005 ; %
M5, 2010), EEE(GICHED itk Z k. (BR 5, 2009 ; Takao etal., 2015) 7 &k~ 2RI s Sh
TW%. 2D, NHES)E BRERFEOMRE, BEAEOMRFFZMN SE TN ZENRDLND.

KEEIROBEBIZBNV L, MEROE—FOEEIIMNZ T, AEROBES S HITITABRRSCEOR
EWV o TAEEMER L E AT IRE~DAERER T 7 1 —F Ecosystem Approach to Fisheries (EAF) CARER
~— 2 EH Ecosystem Based Fisheries Management (EBFM) &\ 9 & 2N AFE > T&TW\5 (Pikitchetal.,
2004 ; Garcia & Cochrane, 2005 ; Jennings, 2005 ; Curtin & Prellezo, 2010). L/>L 7235, EAF <° EBFM @
FEMN EOBREE LT, ARROEEMEICET IIENHL SN TV RN L0, FHTE 5V — 2R
BTV Z EnZFbis (Fréonetal, 2005). F7-, AR EAF S EBFM (212 C, #HG TR Fik
B Integrated Coastal Zone Management (ICZM) D% z 2MEE 41T\ % (e.g., Fabbri, 1998 ; McKenna et
al., 2008). 1CZM ORLEIE, RO RESCEIRZ 4F £ LUVREETHERF -2 72018, Thic@ e b 2
HANHORRZHHE#ET 25 25 L 2O A, £ L TEOFEE] (Bl - KK, 2003) THDH. Zhbd
BEEND 00050 K018, KEEEOREZT TR, ARRARHDIERE OB ENS % OB FIK
BFHIZROHATND.

INET, KEEDOEBEK DM (e.g., Plusetal., 2006 ; Wild-Allen et al., 2013), #EEER D & &1k

(e.g., Hata & Nakata, 1998 ; Neumann, 2000 ; Solidoro et a., 2005 ; =L &, 2006 ; Kittiwanich et al., 2007),
BBEaTf (e.g., Sohma et al., 2001 ; Lancelot et al., 2002) , #J5is D& FE (e.g., /5, 1994 ; Ferreira et al., 2007)



Fa B & LTkl ZRifpiE B RERE T VSBHE - B S h &, AR RET U o ZI3EHEKORE
O EEICHFONKRELS R L TEEHFO—2THY, TOEE TR (2008) ICL-oTEEDHLAT
W5, FHREAEEORGEN 2 SN E T /VITBIIEZ MM 2 A28 TR e D L LB, WEET L E
ARRRET N ZEE SEICET ML, WELRRE & AV b FERE OB EZEME 2 B 623 2 DI
O, MAT, LRERET MR ERIE 2RI T 558 W ICAMRFEDO—2 L0 550, —
T, FTNAVTHWDL NG A—=Z DL IRED MR ER RS TV D

® WMRAREBDFHE
JeifEE S (Fig. 15 A%, B0 TIIVUKMDEE SAEL, JBFW, KEBmE, widnE, ER
, BGER R EN D AFETIEZ 0O B, B (KOERE), KHHE, B O 3 5otk z
xtE L35, “lagoon” & “estuary” DEFITIWV OB EINTND HODHFE—H)TIL7Z2 < (Tagliapietra
etal., 2009 ; Newton etal., 2014), E£7-kfIi L7 HAGE CTOLF G R TS 5. AHFFE T HAGE TOM:
O, T, TR, KU VE, RS 4 9555 Cl3Z 12 41 Akkeshi Lake, Akkeshi Bay, Hichirippu
Lagoon, FurenLake & &KFlT 5 Z &I27 5.

T D OVUKIHIORE L UTKIRPIEF IR CFEKIR I~2mRE), RS, (77~ Zostera
marina, =7~ Zosterajaponica) 2N/A< LTSI ETHD. £, AFIIWHE O —EAREK
T5. BHRIKOZ < OYUKIENE, [7 09— SCREE O [HAOEEHEM 500 %) (28RS ND
7 EENRBRBENESINTWD. TS OVFUKIACIFIRZEAEE =<, 73U (Ruditapes
philippinarum) <°~ %% (Crassostrea gigas) &\ o7z K BIHOEIES =2, T, TP FEDM
WA THD. LOLRRG, JEEMTIRREIC~ T XEFROWMBAAE Uz (Inukai & Nishio, 1937). %
7o, UCAERGE T Y I EREOEEN RN TV D (Z k5, 2008 ; it - P4y, 2016). EiOHEE
RELZTDERIBFHRTIZ2 U THOEENEATH Y, EENICEERMEL HDOTWD OKH,
2003). F7z, BEMEIIA 7 N U X T RO RE GO RS & 72> T\ o ORE D, 2003 ; EH 5,
2008). Z O £ DT BRI TIZVUKIED B IR ERIC 2T CRAFRIBGIREENTER S TN D 2 &3 h 5.

EHIROK G ORIT, AT REIEO AR OIZx LT, BRI PSR B X H
TRV E 2PN B O L2 Wi S BRICHH SNBIREN LR T 2R Th o (BHEHE S, 2003).
HETHRIRMES HRIFM D 7ncs, mim - ZRRERESEEIND.

® AFWRDEM

IR, FRICTUKIIN I AR 2R AR A PEE DAFAEIC K o TEW—RAEEEDSHER STV D 2 & E
SNDH L LB, BIESHTOL BN A EENRICREREELEA TV DL EEZXLND.
FEBUTIECE A PEMEDN S WG ET CTh 20, AFEBIORE L 2 TR0 <, mEIITREGF OB (HiR)



DECEZE bS5, BERREZLEMCHA LT EDITE, TOEEELZD AN =X LEfHAT
HIENRARTHSD. Linl, —RAEEIZE > TER LR FRED X 5 il 2/ M cliE
ENDME VST AEWAREICET D#mIT o TR, Z0w), AR T 5 AWM EEREE O
ST DI, EWAEICA AT RS TE (BAMICHE C, N, P, Si) OB A KK AERE &
OPFAR A E 2 TR T 2 LEN S 5. WENER A B E LIV UK OIRRARER O BiEIZBE 3 2 B R 6
TR TIEE S WS SN TV DA, BFERIR CII R 22 WO RBUR TH 5. IRV O 4
PEVEDRFEZ RIS 5 2 L%, Ml K 2 MEOEWVOFELFHET 5 FTEERMRICRLEEZDL
ns.

22 [ 22 KB R B 235 ISR & 22 VKR CI,  BLHIGRAS O 2 IR A PERS & OAEIR 1343 £ 130
T, £, BEAICH U URRAERRN ED L S IRET 0 E2RNERE TREL 5 2 LIRS
TRV, ZOX DRI LT, By Ial—vay (EERETNL) 2HANVDZ L THGEA~D
A LVRODLZENTEDLLIICRD EEZDND. ZNETIE, EFAMTCIIMEREERERFEIZE H
L7V OO ERERET A0 & T& 7 (e.g.,, Oshimaetal., 1999 ; 7P 5, 2003 ; K55, 2006 ;
Yoonetal,2011). L7»L7e8 5, (GBS TOMEMERIZERZIIED S EAZOBEIITHIICHEE SN T
BOT, £, FEREENE TWERRICKRESFET DL LE2 LN MEEOME (EAFERE
HRI STV -T2, RIFFETHRE T 2BEET LV EZMND 2 LT, FlEREIEERZ ORI
BB O E R Tlde <, THREBEOME &ARRAEME OBRC, RIS 28k 4

RBERDINEIZOWTEAMICHERT D LN TEDL LR D.

LLED X5 e mm B AIFETIE, 1) SRR ERER OBREOHR, 2) “HEBEOMRE LB
K OBIRIEDM], 3) WEAEER O E Bl & I A PER L IREY B “CERSWERER 125 2 2 8D
P, 4) BREEZE(RICHTT D AEREROINE (Mgt #HM, ZFeBmE L.

® KRN DIERK

1w TIHEREW - ERBROZND OMAMINCBWCTESE (FORKIZRRL) (Cbiz o Tl 2 LI
ZFEM L, KEEORFZEHESZH LI Lz, F£7o, RIRHIAERRET VOMBE - LD 2D DT —
X &t LTz,

2ETI, ERMOT Y xRl L, 7Y OEEEXZ DA N =ALERAT 5720, BHEFEICD
7= 2 MR FEBREFR AL N 2. Tl CoMBlill 217 o 72, £, 79V OEHBEET LA I ET
JERNCE M ST E 72 3IRTTDAERERE T /MTHTTIZ T IRA Ty, iRl DI 2E R A2 B 2 Sl 9~ % 32
RUZ DWW CERAIZEHM L 7.

3W|TI, BEROIEMEER (MY~ 7 7 b, T~%, (MERE, EAEMMEE) ofEsEET
& DVRIE—EARREAET VAR L, TNENOEMAER OBF & & AEROFHATZ RS -



7o, Eio, ZBEBEOEFEICKT DB EMAEFOFLEEFMM L. S 512, EREAER OZRMERY
BERICED LD g Ba b b LTV A0 EB LI L.
4FTIE, B ERECRBEISNTWD Y X EXIGe s L, v X OEEFEEREE T L% 3 8 CH
3 Uiz 3RILDERERET MTHIR AR, 2 DT W U L [FRRIC R IHE DA B RN DV TEEAIITHR
REL7Z. E£72, REINANEZHET D L & bICWEEROEE(LAE C TRRED &M AN RNOY
BEBRICED X D e Ba 5 2 TV D DT DU TRiAli L7z
53 TIE, JALMEERFBICALE T 2 3 >OVUKM U5, KBAmE, EHEW) Z2dRL L, 2864
(ZANT TRIZE LI ERRRET V2 M L, AKIREBRE-CWERRBROE 21T o7, 70, BREA
& Gl O, MFEEREBSHHEAEORAD) (39 DARKAERRR OIS &7l L 7.

ﬁ
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Fig. 1. Location of study area (Akkeshi Lake, Akkeshi Bay, Hichirippu Lagoon, and Furen Lake).



F1E ERH - EREORIERE

1. 1 [FCHIC
1. 1. 1 BERRVEH

IR RIS & Hef U CAEEMES BV CTd 0 (Gattuso et al., 1998), H(ZIRIFE 2 72 ) O HLAEARE
BIIINEDK) 2 £, FSAAPE TIIRMFEOR A2 > T%  (Ryther, 1969) . h/F &I CIREE E T
FRHNENEST D 2 LRB WD, KENOWEW T T 7 b o2id T, HE RICAERT 5 KA
B °7 ~ € (Zostera marina) 7 & OUERIH, MR LICAR T DB R EN—REER L L
THFEL TS (Varela & Penas, 1985 ; Cahoon, 1999 ; Hasegawa et al., 2007) .

AHEE B AL E T D R R OVE A (Fig. 1.1.1-1) TIE7 ¥ U (Ruditapes philippinarum) & <~ 7'
(Crassostrea gigas) 2VEANIEIE SN TEY (Fig. 1.1.1-2), dtiEicB) 5 EERGO—> L > TWn
. HEZE LToKBT DR STV D2, “HEBEOBFREHAED TH LS 72DI2iE, AL X
A% AT = A LOMEY], EIFENE N PR DR AR IR TH S (A, 2001). ZD7=), A
PEF DENRERLZ DAFEIZMATH D REBHRIHOZEH ZWH LN TDL I ENEELRD.

TR IR R & MO HERITALE LTV D 7o OM)IK & AN AK DBT D58 2520 575, [ FIEm B
GNED O ARE N R T OFEDS, RIS OB & K E R E R To 38MEK DEEID K
SN ENRESND. JEFIN ORI OSAIZIT)N0 6 OHFEARE S FHELTWD Z &M
HMONLTNDHOD (lizumietal., 1995 ; 7P 5, 2003), SMEAKDIA & JEFE - R OKEZEB) DR
FRIZOWTE K LIEWFEHIIE A S 720,

T4, JFE~DAERERT 7 1 —F Ecosystem Approach to Fisheries (EAF) CAZRE R~ — X & E Ecosystem
Based Fisheries Management (EBFM) D AEEM:AEm S 41TV %  (Pikitch et al., 2004 ; Garcia & Cochrane,
2005 ; Jennings, 2005 ; Curtin & Prellezo, 2010). L2>L72235, ZHHDOFEMA EOFREE LT, £RERD
MBS DHEDHEL STV RNZ &R0, FIHTELY—ARRENTWNDL Z LBFETHND
(Fréonetal., 2005). Z D K 9 e AEREROE IV T, WS & AL FEBOM BEEHEZRBLTE,
FT, AR HEEZIT) LN TEDHE I 2 —ay (22T, 3Rl — ARG AET
V) OEABIEFICEN R TFEL DN, BT /VOME - Y 7o TEBS TORAERL RO BTSN
RARTHD.

ULEOERNOANZETIE, 1) KE - KEORZEREZHOHE, 2) KELHIRK-IWII—EF
I — 5 — KEPED D700 O, 3) BT VOME - BEED O DT —Z OIS, #HE Lz

1. 1. 2 EFH- -BREOHE

o EFiH



JE IS 43°03' N, 144°54" E (2L ES 2K TH Y (Fig. 1.1.1-1), ALK 6 km, FHFE 7 km (ZJAH
STV, JEEHOFEEKGEITN 1.5 m, mfEiTH 31.8km? TH Y, 1HK 500 m DK K - THEEE~
ERNTWND. JZE O FZ2R2EAN) T o 5 BFEAA) OF A TIE, KBDIRLREIR & o 72301173
AWML TIMALTEY, £, WOREIIZITREIZD 20O D b XX A JISOHME) B3 ENTN D, it
o TR A RBITAARATIINC L > TRES F e (Table 1.1.2-1) . AV TIET U KO % OF&FH
DREATHY, THVIEEICEON IR L2 E ATV SN TRICAERLTERY, IXITETR
BIDMTON TN D, Fo, THIVIRGZBRMNOIZESEICT ~E (—Fa2 7 ~%E) BoML T
% (Hasegawa et al., 2007) .

° E

JE S IFFE ALK 13 km, HPERD 12 km (ZJE28 Y (Fig. 1.1.1-1), HEfSIE 102.6 km?, ¥ 10 RKIRIE
25mAIE CH 5. BIZWAT HRE RTINS, BRI KPRIVAAL TS, JEEE O
AT B, RAEK D FEICZEL LB bfiiiv T b (Ogumaetal., 2008 ; H T 5
2009). BENIT BABICIH > TSR D /D LT v v BT I EHEEEES 7> B KPR ~FRH L7z
FR—Y 7K ERE L TEK SRS (Kono & Kawasaki, 1997). BT ER MY 77 7 ok
Wi (BFE7L—2L0) MR DMHEE LTHmonTEBY, R THLAEOEWAEWEENEL AT DR
EEZLNTWS (B, 2000). EHRIEFHETIE, Wb EMOMEEY  ORBEIL) ([cihasim (8
T —o0h) SIIME N R ST ERINEEZH T3 5 OFEERM LTS (HF S, 1991). Z0
ERINER OkKE S, 2009) ObH72bTKRIE, BRI ZROAR—Y 7 ilORKKZRREE T 5
IR - AR ORI (K%, 1971) &, KEFICBN) 2RO AR —Y 7 O RZRNERK Z IR &

DR RS O RAERAE K (Takizawa, 1982) (243 B b.

i
FIE

Ji

o EITHIR
SN IS D BT ) ROV O TIE, SRR & BRI oBIEE (Wolietal., 2004 ;

Hayakawa et al., 2006) <°HEVEREA /K 2 OFEAK (Nagao et al., 2010) (ZRH9 A HF9E 72 EmliE ST s.
JERITIE 2 E T, A ORZERZEE) (lizumi et al., 1995) 07 ~ £ D% E| (Hasegawa et al., 2007, 2008),
7 JHHOEAEEENEE (Yamada et al., 2007 ; Yamada & Kumagai, 2012) (2% H L7=#FFEfrbh &=, %
7o, B I 2 b—ray (BERET L) XY, “HEE (KED, 2006) 7~ (Oshimaetal.,
1999 ; Yoonetal., 2011), i)l EDZEE) RPN H, 2003) 23 HANOWEIEERIZ S 2 5 2B O 72 £
PITbNTE . —J, EFRETIEIMY 77 7 b (Taughcietal., 1977) L8~ 7> 7 k> (Taguchi
& Fukuchi, 1975 ; Taguchi, 1976 ; Saito & Taguchi, 1996) DAREIZET AAFFEITHE SN TWVD H DD, K
BEBIZET 2 RIFIEFICZ LY. MEBICER T2 L, BRI ORI ClddbimE XK ERFFERT -



B KEEMFZEAT S A TR (A-ling) ZXELTCWHZEHH Y
(http://tnfri.fra.affrc.go.jp/seika/a-line/a-line_index.html), 525 < OFAEMISE 31T T X 7= (e.g., Kasai et al.,
1997 ; ¥, 2000 ; Saito et al., 2002) .

1. 2 Ak

1. 2. 1 FEH - RERY

KEOFER SR Z 0, RS, AR U4, KRB, BRI, BisK) 12, K -
7Y OFEM S A E NG E L. (Fig. 1.2.1-1, 1.2.1-2). R#% 2014 4 4 A5 2016 45 7 AT
22F T (2015 4F 3 H, 2016 421 H~3 HAR<) FEARMICH LHIOBE TITo7-. 7ok, ARETIIEAI
& LT 2014 I LR A HLICHAT 5 2 L 1CT 5. SRA IR o8RG Fig. 1.2.1-3 D@ Y
Thole.

1. 2. 2 FE-BRWAE
o KHEIHRAE

FESICBNCI BB ZIEE KGR (ASTD102, JFE 7 KAV T v 7 #EH) AT L, s S
JEE T 10 em AR C/KIR, M4y, AR, HOUE, WMEZHE L2, FERICBNTATVIZLDE
JEK %, RO ABLE TIiX /N RUBUKERC LV JEEAK OKEER 22m, WK L5 3m) & 0f8 CHRER
L7z, BB L 72 KRREHIMETRIEHE DR U = F L R hUICBLL, JRAERR TS CHRmEAT CHRE L.
JERE TITEWER (B 30em AftE v ¥ —HR) AW TERELRE Lz, EREICRLIF- 7214,
chlorophylla (Chl-a) JREE, SEEMTIREE, EMIRE (SS), MW AR - 258 (POC, PON) Z i
E LTz,

JRFAAC PRI IR AT 2 B2 0 )1, KRB, BRI, RS TEEICRA T 5 BRI 7KOFE 4 )11z
BWT, B LY L IHTRENH AT Y 2 N THDEHOREARZERE L 72, BRECL 7o KGRI
HEORY TF LR PUTHERL, AR T ETHBIRT L2, EREICH LR 7%, Chl-aiRiE, %
FEIRE, MRMIRE, BREBARRE - ERBEZIE Lz, AKRIZERIEER 2 v CEL CllE
L7c. 72k, FRAINY ORELRT 272 RAIE U TRMRHIIAT - 72.

T

o EHRE
T (StnA, StnB) TIETHHRFICT 7 UV rar (EE29cm), N4 (AL2, AL4) TiE=r/ <N
—VHESE S L < IIHREES 2 O CERE 280 U7z BB H O % o 7V IERE 5 cm £ T4 (n=1),

BIKFE RO Chl-a 3T O 7T CIEERE Lem, 1 FHFCIERE 05 em 28 L 72 (n=3-5).



IR OV 7T TR TEE 2em 28I L7z (n=1). £l L 7ZEERENITAER T £ CHIBRIRT
L.

o THUHE

TH UMY (T8) ©2EMR (SR StnA, {10 StnB) IZB W TR AT > L 2B (fit 20 cm X
{20 cmX = & 20em) ZWHICHAE LIAA THNOEE EE T 15em4y) 285 THREL (n=5), &
BREICFFBIR - 72,

1. 2. 3 WE-HSHAX
® Chl-a

EELIKREZ, GFIF 7 V2 — (FJL£2 0.7 um, Whatman #18%) EICJEEFEE L, EKEZ 6mL ©
N,N-ZAF LA LT IR (DMF) #IRICIR N SH (Suzuki & Ishimaru, 1990), 37 £ Tl CIRAF
L7z, filiH U 7238 6 % B 51 (10-AU, Turner Design #:52) & iy C Welschmeyer 72 (Welschmeyer, 1994)
([T LD Chl-a REAFH L7z, HEREWREHIRIEN 19 245 L, 6 mL & DMF EIRICIZH S &5 E T
AT CIRAT L7, Wi Chl-a B2 ITKREE & RIERICHIE L7z, 7eds, B/KRITHERIM 4 60°C T 48 IFf
MLl bz S, RpgEpit O EBEEN DR Lz, £/, HAImAE Y729 O Chl-a BLf7 &% Montani et al.
(2003) (ZHEVVEH L 7=,

o XEIR

KB % DISMIC 7 /L% — (FL£% 0.45 um, Advantec #-8) Tt L, WEIE %4047 £ T-80°C Tk
AFELT=. E7-, HEREWRRE B 04EE (3000 rpm, 15 43[)) (S X 0 EIB/K ZERE L, KF0EHE Ak
(AP LTz, R L7 o VT EAAIR L, SRR A BT E  (QuUAAtro, BRAN+LUEBBE )
FRWTCHAERICI SR (7

U UPERE Y v POs-P, 77 A BRHES A 32 SiO2-Si) % HH L7= (Strickland & Parsons, 1972). 72k3, 2014
8 A5 2015 4F- 2 2T COEFEE DO —HOHA TIiZ NHa-N DHRIE 21T > TV 72U . NHa-N, NO2-N,

T=TRRZEHR NH.-N, HifFRAEZESE NO2-N, fiHfRREZE 5% NOs-N,

NOs-N O “HEZE R DSt Z IR FREMEEZE R (DIN), POs-P ZIAFREMEMEL Y o (DIP), SiO.-Si VA FHES
43 (DSi) & L7

o HEYM

B LK Z, TOERERBZNE L GFIF 7 4 V4% — BIZIERE L, D &OZAIK THE14-80°C
THARAF LTz, D%, BhERsE, HET VX —OEBZHE Lz, R OEREDOZEND
R (SS) IREARM L. BEREAEIRE - €3 (POC - PON) DATHO 7 1 /b2 —I3, HRGHE



SR BITHCI RS A —BEBER LTI A V2 — FOEMSEERF L IR & LCHRE L. FO%BE
DIZOICHELET L /r—2—HfTNaOH &> U 7L e &bz 3~4 B E Lz B¢, wHEobret
(NA1500, Fisons ttH) |[c CEE L /-,

o HIEMM

HEREW R 2 = — T AR, KEARZINA K <HEHR L, 1 ARMEER LB 2B THE L2, 20
P4 3D AT 7. VT, 0%l bk FE KA 20 mL AN C 1 A MAGE LA & o0fif L7z,
I DORTPREERFE AR ONWT, Ty F—E U ZRIZE DT oRZE 2mmELE, 63 um LA
b2 mm A, 63 pm A) (257 UKL & 43 AT L 7= (Erftemeijer & Koch, 2001) .

o 7H

FREICTRESmm U LOT7 VU 2B L, EER L3R L2 L. £/, 2o EZZ2HEL,
WA ZLOBGFREEAZREIE L. Z2THRoNET VY OFELBUFELY 3 BITRTET VOFESEIFD
BEICLT.

1. 3 #§

1. 3. 1 EERH- -EREODKE

o HEHNM

AB8 (BJ) Tix, AFLUMEL, KRIZRENSERICONT THEFRT Lz, o3BT TEF
ML TWebDD, BEOBMOESWITNS hote., AFRIIEIRBNOLERBIZHT T—ERT, +7»
ICIREG SN Tz, ALL GHIR) T, R LIEBOHE Y EETFAERICL > TRES By, WO
ZREIZIT T, AL2 (BR) T, KR, oL bicRB EEBOEIT/NE L, BEITEMR ST
Wi Tz, ALL LD SIS L DK, O OEENT/INS W ER D, ALY (ITA) T,
BN X > TERBEOESIIRES BRI 00, EEOHEZI0 2B L2000, KEIZIZZ
DOHLFE THARDRESTHALTND Z LBG0D.

® KESM

2014 4F- 4 775 2015 4F: 2 2T TOKE DK OFEiZ L% Fig. 1.3.1-1~1.3.1-8 (/- 7. K&
AIBITAMR R G LA R L, 7 HD 9 AIChT TEL, ORI TIE20°C BLEicR>72. —J5, 2
HIZIIAKER B HIR<, 0°C U FIZb e o7z, RIEOHEMIEFM TR (20~25 ), EREOEN
WA D IZ o TEL o7 (32 Hi%). 2014 4 6 AZITHERTIOBFNORELZ T, EREBNTHIA
HiPHT 30 LA SARWE MBI S 7z, WAFIESR IR 2014 4F 4 HICk b <, mfgfuiRETH - 7.
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7THMNS 10 AT TROREL o726 00, i 6mg Ll ETH 72, NOA+NOs I TAE 72 i
bz, WLAG 2 AT TEWVETH 7. JEEMN CITER 28 LT Do #E T b &
Mol 4 A0S 8 HIZhT TFERBN TRICIKRE Th o7z (<05uM). NH 7 —FZEMRHN
D600, 4 05T HOREETOBMEIIIERT IRRE Th o 72 RN TIIEE N RE VOO,
K@ R DM BT, POITEFRM & E B TR DR A R LTz, ERHTIZ 201449 A
BRI CEVME Ch o 7. BB TIE 4 A0S 8 HITHT THEBHMRIRE THER L7223, 9 A LIRS
RIWMRRETH Y, BEDN/NIhoTz. SiO JREEITTE /e 2SI AR L, BIFEDE) IR 005 RS
BOCm g CREME TS 2 mICH -7, Chl-aiREl, EREETIE 2014 4 4 AICBRTEN-T2h
DOZDHRBAL, 8 A D 9 AT THUEL 2o7z. 20154F1 A & 2 HIZI3ACRIRE TH -
7. EFEHNTIIEENRE S, WHlREAEZIEAD 2N TS Rho Tz,

® SREMME

BIEELAITE (ALIN) 22520 (ALL) (223 COKE OShERmX % Fig. 1.3.1-9 [Z/R 7.
HE5330 TIR 2 o 7o b DO, ZDOEITFAERENZ K> TRES ER o7 WA THERBDOE DY 20 &
WD EbHY, WARDBTALTND Z NG5, BEEITALE L0 i A TITERE & EE D 2N
REL, BEPERESNTND Z LN EhoTc. BEBFREIIGCE 52T/ EL, ML TE»r-o
72 (>6mgL?).

JEREBBH (ABL) 7 OJEREE O (AB16) (22T COWmK % Fig. 1.3.1-10 (273, KiRIFAFE
BROCIERBETE, BRI TR 2otz AFITITSAENIZ R Th o7, 0% ABL OF
J@ 6 I NT TR (<30), BRIZmT TEL otz FHIRNICH D L BTN LKFICHIT TEi<
Ppotz. BEITBRATHEZENRCSCHELNZL OO, EOATIIME L CWhAEAATEN- T2, E1F
MR L Tm< (>6mgL?t), ERFKILIIEEZE U CTHEGE SR -T2,

o KRIIEI

JEREE N (ABL6) (28T 2 /KEDORERSIZE L% Fig. 1.3.1-11 12”7 AKIRIZBAB R FEHE L EZ R L,
8 HM b 9 I TikmiiEZ r L7z (>15°C). —J5, FdRfEIZ 2 HIC@lll S/ (<0°C). M TRz
ICRORMEL, 9 AND 11 AIThiT TIRHEREWEZ R L. BE (o) 1ZEFITOVKLS, 11 A 4
RIS CHESEVMETH o7z, WAFBFERE I L CRovofz (G6mgLh). #REITESICH <,
FrlZ 2014 FF 4 A3 E TaVWMEZ R L. —77, 9 AD 2 AT T L TaE TR o 7.

o I
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JE BB D BEW OB, R (ABD) TRb/AEL< (2m), BOICmnsiconT
K&/, 0 (AB16) TbKEM-72 (95m). Poole & Atkins (1929) (B Zyg (m) & /KAE
EEEBAREL K (M) 122\ T K=17/Zsg &9 BfRZ 7R L7=. —7J5, Holmes (1970) (31 0 i\ ik
TIL K=157/Zg 3FE LW E IR TN D . AV Tl Holmes D BIFRENE AV, BB OBLRIRE R0 5K
FEN O OB HEREE HEE LTz RIE D Chl-a IR & BW > BHEE L 72 /KAED e DI BRI O BL% (Fig.
1.3.1-12) oL, RERIC L > THETRLRZ OO, Chl-aBENEWIE EHHFREN K E < 72
DAL

1. 3. 2 ERHNOEE
o HIEHMM

TSN (5 StnA, W0 StnB), 7~ ELN (5L AL2, IR AL4) ([Zd51T D HEREY) ORLEEHE
A% Table 1.3.2-1 12779, 7 W ViGN TIEEES itk 2mm LL L) 23, 7~ BN TIRIES (Kifk 63 um
Anii) AAKERSY & DTNz,

o Mg/khRER

T=EBENO AL2 & ALA (2B 1T % IBRK T ORI R OHER 2 Fig. 1.3.2-1 (R T KEEDO KRR
FE LD & FEABOREIT/NS D oTo. BIBRKH O NHa B3R & e~ TIER ICm <, DIN DI
EAEE NHa DI HD Tz, Z OMEAITSEITIFFE (Hasegawa et al., 2008) LRI U D Th o7z, Fiz,
POs I /KFE & LERT LHTRREEWVETH 572, AL2 & AL4 ORI E OB /275135 LR o
7.

o |EAMHMELE

TH UGN (StnA, StnB), 7T~EHN (AL2, AL4) IZBJ 2HEREM O Chl-a (EASGHSELE)
FEOHER % Fig. 1.3.2-2 IIRT. 7TEHNE LA TTH VRGN CREENBEICE N7z, T
WIHNTIT 4 AICRbEWEEZ R L, AFINT BT 2BARAL LN, 7~ E5HN TIEHAR
HE (AR WS/ o

1. 3. 3 FAFA

JEFEI~ LR D RIZEDA)N, KBI, BI, & LTS~ ERAT 2RI KIZB T 5K -
KAIIRE OFHZ(LE Fig. 1.3.3-1 12739, KIRIZHARARFEMA M Z R L, #kR (1~3 H) R\ T
1% 12 AICHR b IED > 72, NO#NOs, NH4 [ IHR R O ZE T IR E v o 7o b DO, FREIZ(ILIHE Tl
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o7z, POs & SiO ITHUE I DZEN/NE v o 72, Si02-Si 1ZFEZ D LRI HNT TR BEIN$ [ A3
BT,

1. 4 EER

1. 4. 1 FANIKOEE

o ITHIFIALREREEDER

B ZAT o7 A GUEEL AN, RN, B, R K) O O RER AR IR L % Table
1.4.1-1 12773 NOzNOz IR EE T KRB TEE T @A 2 7o, — 77, NHeiREE T RIR) I TEuv MR IcH - 7.
PO IR FEE 1T RGN ) TRRE D o T2 b DD, ZOM 3FJINXFRIFEE Th > 7. SiO, DRI /77K T
<, Zofth 3 TIXFRE Th o7, KBUINIAGEL A, R & ik U Ciiikicis i 2 2o
b0 HFEIE A Y (Table 1.1.2-1) . — XAV K H1 D NOs YR EE & L HUF T RBIZ I TRV BAfR A R H
LT EDHBIVTND. NOsIREITEHD 56 2FIG 1A BRRO 5O 2EIEITKH]) 352 &0
JbVE COMFZE THE SN TEHY (Wolietal., 2004 ; lleva et al., 2009 ; = 5, 2013), AHFZETH [EEED
MR I N, T A BRI DOEYGIZ K - THHE S D SiO DIREEITI ANMTEE O 4 521112 < <
(Jickells, 1998 ; Nedwell et al., 1999), AXFFFE T b RIS KA BR< 3T TITHERZETH DRI -T2,
A HR OSRFRMIR IOV T, ALl Oftitil & Ok 217572 (Table 1.4.1-2). 7 —#HUIR 5
L2600, AEUR LT CIEREW - JEREEIZIRAT D)17K O SRR IRE IR S OEIR A DT,
AU T KBS 6 2 AR g BT iR/ h S b D L B 2 b,

o AN DXREBEATE

WK ORI (Table 1.4.1-1) & FEAKED HHEE L7 (Yoon etal., 2011) 7> 5 A1
2K DIRK ERBIROAM REZFH L7z (Table 1.4.1-3) . & O3EFRIGIZ OV T BIFENA) 1 B DAL &
Db oT-. fBL, NH T OWTIIREEL AN TOWREN KA, BRI & e~ CIEF IR > 72
7%, AREIIZNENNFELFNOZN E HRT A0%RETH - 72, KA - THE (2003) 13 kS (0
& 2080 km?) 1T AT 2 8 I L UV EITHIKES 1 3 FTIZ BV T, e & OSREBEIRE ZJHHEICh D
B L=, TR, NN GEKE~D LEROPKARREIL 21X10°m3 TH Y, DIN, POs DEFF
B|ITENZILT98tonN, 19.5tonP THDHZ & & /mLT-. F£o, ML (2011) 1%, EGE)I, Y7 =
VN, R oy a X6 R ~DOFER O DIN, DIP 77 v 7 A% Zh 24 529ton N, 58tonP &
RFb->TWD. ZhoOHEFIZHET D L, BRRENIEE L e A7 5 B & ik L CRE R
NDORBDOWMARITZL K RN ENR 0D, MIARED R & LTI Z TIHRFRERY (DIN,
DIP) (27 H L7223, WK OE{FREA Y (DON, DOP) IRE & MM CEXRWEBFET D Z EXNAD
n<Tws (Bl z1E, Seitzinger & Sanders, 1997 ; Retamal et al., 2008) . F7=, H/KFFICIZAZ K2 EORREY
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D Zm U Cisfa s s (HP 5, 2003). £072®, )1 OWEMLEIZ OV CITEFREERY),
BAFREAIEY), BB OT X T2 BB 2 Z L NLETH .

1. 4. 2 5EKOEE
o JKERMDHEX

JEREBIRAT 2RO E A HNNCT 2720, EREEN (AB16) (23Tl 2> HFE £ T
ELIZ 10 cm FRE TR S L2 kiR, O OMEEHWT TS ¥4 v 7 7 A% Ep L7z (Fig. 1.4.2-1). —f%
Bz, TS XA ¥ 7T LFAKILDOKITHN BN D (e.9., Emery & Meincke, 1986 ; H 5, 2009). AMF5E
TiE, HFS (2009) TREINFZAIEX Sy ERBEOR 320z, WG, KE (1971) © “UDBisBlEK
(COW)”, Takizawa (1982) DA 7R—> 7T 5 “RAENI/K (SW)”, Hanawa & Mitsudera (1986) @
o “BiEAK (OW)” DX THS (Table 1.4.2-1). IR FEEBITIEARIE, SABRAKIZLEN SR
B WO RHEAE R T D Z L0305 BT ELEEER O W B SR CTh 2 4% (B - &, 2003),
IR ORIITA R —Y ZMBOROKKTH D EHEN S TWD (RE, 1971). £ LT, AR—Y 7k
B IARFEPESOFH L 72 IR B O KBTI E OBUEIK L 0 bIREE Th 2720, FEEICIE S
TEOIERERE & > CEEREZM F425 (EK - BH, 1999). Ah—Y 7BV CRARBIKIL, =
HEE O FR Y % CIRIEIIRE OINRISFATT, LrbaokeEHEVEGETIHENL TS CK
- 5, 1986).

EPFERO S B, EEDINFBOERICHESTHD1X 201444 H, 201541 H, 2 A ThH-o72. 72
B, B, ZRERAKOZNENOER (Table 1.4.2-1) 1Z5%245 3 2 KBLITARS TITHERR SN2 h o 72
2014 4-4 H 15 A, 201544 H 23 H, 2016 /-4 A 5 HIZEAI ST KIR, Moy, VEAFERFR AR O e
Ty ANERELIZEZAS (Fig. 1.4.2-2), 2014 FED /KR, H451% 2015 45, 2016 4F & b CHAZE IS
BVMETH 7. ZDZ &G, FEBMOERRI S L ITBENFIZL > TRESCERD Z LA
ESND. ZHUTL > TEREEBEOWTUIERHOEEMNEIZ ED X 9 REBNE T THDNITONTOR
HNBREHRDBID.

Y =
v

—
HE

o EFTJL—LOBY - L

ALHEE D% < ORFPEMRIR TN 7T v 7 b OFEFT L—20 a2 A D 4 B2 T4
4% 7% (Taguchietal., 1977 ; Kudo & Matsunaga, 1999 ; Tji§ - 54, 2000), HEFE T /L —Lxk b= 5T HEHRK
& LT AKRBEORMBESRE < FE LTS Z & 23MEH STV 5 (Kasai et al., 1997; Shinada et al., 1999) .
BT )— L CIXEERSEAE 54 528 (Shinada et al., 1999), DIN, DIP, DSi OfFfE& (k) &M & ()
DEED D BFERERHEEOFBIC L > T7 L — 20K EA T2 % (Kudo etal., 2000).
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JEFEE Tl 1~2 A2/ Tk Chl-a IBEME ) - 72 b O D, 2014 4= 4 H1Z i3 & W ESBLI S vz (Fig.
1.3.1-8). — 7, KEHIREIX 1~2 AIZEHRE TH o720, 4 HD T — ARFITIFEVRE CTh - 72 (Fig.
1.31-4~13.1-7). ZL OHAEFRFT N —LORHRHIRITFEIC L > T—HRTRWVH DD (Kasaietal.,
1997 ; Kudo & Matsunaga, 1999 ; Okamoto et al., 2010), AWHK TIL 3 HAIZRICEERT 7 L — L0 hE-7- &
BADND. EFEEORFITNLET L2 FEREFZRATRT O (43°01.3°N, 144°50.2°E) Ti, 2 T
AL EIREE D Chl-a BRI S TR Y (HMEH, TME), AFECTIIEEFT LV —L20REE+7Iif %
LBRTWaWnborEZ 55, Taguchietal. (1977) ([C L AEEE COEMAEEDL 1, 2 HITKL, 3
AUBAMICELS RS LW IR L AR LTV, JERE T4 ABIN S - &% o Chl-a 2388
THEINTZ LD THLD0, @ Chl-aREOINEKPITA LIZbDONE 50y, EITIET V— L DR
HEIZOWT OGN NETH 5.

1. 4. 3 REERECBHEEEOERERE

OB DA PEDS E D FE L (DIN, DIP, DSi) IZHIBREN TN S0 &M 5T 27200121 A
7 v¥ A (eg., Vince & Valiela, 1973 ; Granéli & Sundbick, 1985), @+ e DALt (e.g., Boynton et al.,
1982), QfafnEH & ARERBRERIE OB (e.g., PIJII - 4 - 2004 ; &5, 2011), SFOFELEE - FHRA
AVSTnas, BEEORAR L IT C:N: P: Si=106: 16: 1: 16 ([ZITVWMEZ & 5 2 A6 TV D
(Redfield et al., 1963; Brzezinski, 1985). Z D& z IZ oW TIXRENER SN TV A 00 (1 21E, 1
A5, 2002), #/KF @ DIN & DIP, DSi @ (DIN/DIP, DIN/DSI) %, &It liesa o sE5His
L CHIBR L TO AN DWW T OffifE/R iR & 95 2 L3 CT& %5 (Howarth, 1988 ; Del Amo et al., 1997 ;
Slomp & Cappellen, 2004 ; 3 | &, 2005; & &, 2011) . Del Amo et al. (1997) (25> T DSi/DIN } U* DIN/DIP
7ay LT OMNFig.14.3-1 THDH. JIIAKD NP HIZOWTHBD E, NPEEN 16 % BRIV, #EL
TY UHIRERE Fich b LB L. —F5, R - RS TIE AITEW ALS ZFRUNT NP s 16
EEEZZEMEIEALT, MLTERHBRE FIChD LB O, £, EREBEDORETIX
DIN/DIP % 16, DIN/DSi i1 £V $F LIRVMEZ R L, KRB L TWDHZ &35 sz 7z (Fig.
1.43-1). #EWT, FRERBIEORED DT 2 HIRER A HET 5. My~ 7 o7~ (BEEH)
@ DIN, DIP, DSi Y iAZO¥AaFEBITME R R E W H O TENZEFL 5.9 pmol N L, 0.68 umol P LY,
1.31umol SiLT Th 5 (FDH, 2011). Z ONAIFERZBIGORBEIRE L k3 2 &, REEREIX
DIP, DSi O-fafE & it LT DIN OZ & FRlD 2 LnZinolz. ZD7w, JFlUR LI REH D
MR & [ARICZENHIRERN TH D Z LR3I pB 2Tz, —RANCHEE O BRI LY, #okik
T Y UNHIFREER (Nedwell etal., 1999 ; F 5, 2005 ; Elser et al., 2007), VR/KIEOFJIMAITIZY >,
SNPERICITEE R HIBRZEA (Murrell etal., 2007), YK CTIEEFENHIRER L 725 Z L 232 < (Nixon,
1982 ; Howarth, 1988 ;: Nedwell et al., 1999 ; Elser et al., 2007), Z— OfEAIIATE CTH [REEICHER SNT-.
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Table 1.1.2-1. Land use configuration of basin area of main inflow river. Data were obtained from Akabane et al.

(2003) and Geospatial Information Authority of Japan (http://nlftp.mlit.go.jp/ksj/jpgis/datalist/KsjTmplt-WO07.html)

River Catchment area Area (km?)  Percentage (%)
land use
Bekanbeushi River woods or bogs 213.90 56.4
farm 28.85 7.6
others 136.22 36.0
total 378.97
Obetsu River woods or bogs 13.25 34.3
farm 25.43 65.7
total 38.68
Oboro River woods or bogs 29.30 100.0
total 29.30
Tokitai River woods or bogs 19.51 100.0
total 19.51
Tobai River woods or bogs 7.59 100.0
total 7.59

Table 1.3.2-1. Grain size fractions of sediment in clam fishery grounds (Stn A and Stn B) and in eelgrass beds (AL2

and AL4) of Akkeshi Lake in April 2015

Grain size fractions (%) Station

Stn A Stn B AL2 AL4
Gravel (>2 mm) 61.5 48.4 0.4 0.7
Sand (63 um to 2 mm) 26.5 43.3 33.4 41.7
Silt + clay (<63 um) 12.0 8.3 66.2 57.6

Table 1.4.1-1. Mean (Minimum-Maximum) annual ammonia, nitrate + nitrate, phosphate, and silicate

concentrations for year 2014-2015.

River NO; NH, PO, SiO,
(umoIN L") (umoINL") (umolPL™") (umolSiL™)
Bekanbeushi 17 3.05-38.23 0.21-191 0.44-179 11.84-120.95
(18.56) (0.81) (0.88) (64.97)
Obetsu 17 3.46-101.76 0.95-9.21  0.67-2.13  18.55-214.60
(50.66) (3.30) (1.29) (71.80)
Oboro 8 16.75-42.55 1.67-830 0.70-1.64  23.67 - 200.86
(28.23) (4.48) (1.20) (74.77)
Oboro-diversion 11 2.74-27.30 1.07-477 0.66-219 9.36-68.84
(10.23) (1.96) (1.24) (33.46)

16



Table 1.4.1-2. Comparison of river nutrient concentrations (mean or minimum-maximum) in Hokkaido. NR means

not reported

Inflow area River NO,+NO3-N  NH4-N PO,-P SiO,-Si
(umoIN L") (umoINL") (umolPL™) (umolSiL™)
Akkeshi Lake  Bekanbeushit 18.6 0.8 0.9 65.0
Akkeshi Lake  Obetsu® 50.7 3.3 1.3 71.8
Akkeshi Lake  Oboro* 28.2 4.5 1.2 74.8
Akkeshi Bay Oboro diversion* 10.2 2.0 1.2 33.5
Biwase Bay Biwase® 3.5 0.9 0.4 19.3
Funka Bay® 24 2.9 0.30 270
Japan Sea Teshio* 14.3-42.9 NR NR NR
Tokachi River  Toshibetsu® 24.3-49.2 NR 0.22-0.78 229.6-395.6
Tokachi River  Otofuke” 109.1-180.5 NR 0.85-1.96 379.3-418.5
Tokachi River  Satunai® 35.4-87.1 NR 0.14-0.17 37.5-69.9
Tokachi River  Shikaribetsu® 161.7-202.2 NR 0.28-1.40 416.4-547.5
Tokachi River  Sarubetsu® 319.5-428.2 NR 0.23-0.43 106.6-289.5

1: This study, 2: Abe (unpublished data), 3: Yoshimura & Kudo (2003)
4: lleva et al. (2009), 5: Iwanami et al. (2013)

Table 1.4.1-3. Annual (from April to December) freshwater discharge and nutrietns load from Bekanbeushi River,

Obetsu River, and Oboro River

Unit Bekanbeushi Obetsu Oboro Total
Water discharge  (m® year™) 6.65x10° 6.90x10’ 5.36x10’ 7.87x10°
NO; load (ton N year™) 167.0 45.8 17.7 230.4
NH; load (ton N year™) 8.2 3.2 3.2 14.6
DIN load (ton N year™) 175.2 49.0 20.9 245.1
PO, load (ton P year'l) 18.1 2.8 2.1 23.0

Table 1.4.2-1. Classification of water mass

Water mass  Coastal Oyashio Water" Oyashio Water® Soya Warm Water®
Parameter (COW) (OW) (SW)
Temperature (°C) <2 0-7 7-20
Salinity <33.0 33.0-33.7 33.6-34.3
ot <26.7

1: Ohtani (1971), 2: Hanawa & Mitsudera (1986), 3: Takizawa (1982)
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Fig. 1.1.1-1. Location of study area (Akkeshi Lake and Akkeshi Bay).
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Fig. 1.1.1-2. Annual variatios in harvest (bar chart) and yield (line chart) of the Manila clam Ruditapes
philippinarum (a) and the Pacific oyster Crassostrea gigas (b) in Akkeshi Town. Data were obtained from
Hokkaido Research Organization, Fisheries Research Department Marine Net Hokkaido
(http://www.hro.or.jp/list/fisheries/marine/h3mfcd0000000ge0.html). Harvest of the clam and the oyster are

expressed as the wet weight including shell and the tissue wet weight, respectively.

19



43°06'

43°00"

144'°42' 144:'48' 144"’54' 144"'42‘ 144.’48' 144:'54'
Fig. 1.2.1-1. Location of sampling station for water quality in 2014 (a) and 2015-2016 (b).
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Fig. 1.2.1-2. Location of sampling station for (a) sediment and clam (Stn A and Stn B in clam fishery grounds) and

(b) sediment (AL2 and AL4 in eelgrass beds) in 2014 and 2015.
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observed by AMeDAS operated by JMA (Japan Meteorological Agency), and accumulated solar radiation (d)
estimated from model by NARO (National Agriculture and Food Research Organization) at Ohta or Kushiro from

April 2014 to December 2015.
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Fig. 1.3.1-1. Seasonal variation of horizontal distribution of surface water temperature (°C) from April 2014 to

February 2015.
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Fig. 1.3.1-2. Seasonal variation of horizontal distribution of surface salinity from April 2014 to February 2015.
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Fig. 1.3.1-3. Seasonal variation of horizontal distribution of surface dissolved oxygen concentration (mg L) from

April 2014 to February 2015.
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Fig. 1.3.1-4. Seasonal variation of horizontal distribution of surface NO,+NO3-N concentration (umol N L) from

April 2014 to February 2015.
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Fig. 1.3.1-5. Seasonal variation of horizontal distribution of surface NH4-N concentration (umol N L) from April

2014 to February 2015 (except in August 2014, January and February 2015).

Fig. 1.3.1-6. Seasonal variation of horizontal distribution of surface PO4-P concentration (umol P L) from April

2014 to February 2015.
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Fig. 1.3.1-7. Seasonal variation of horizontal distribution of surface SiO.-Si concentration (umol Si L*) from April

2014 to February 2015.
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Fig. 1.3.1-8. Seasonal variation of horizontal distribution of surface Chl-a concentration (ug L) from April 2014 to

February 2015.
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Fig. 1.3.1-9. Seasonal variation of vertical distribution of water temperature (a), salinity (b), density (c), and

dissolved oxygen concentration (d) from AL9N (river-mouth) to AL1 (lake-mouth) in July, August, November, and

December 2015.
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Fig. 1.3.1-10. Seasonal variation of vertical distribution of water temperature (a), salinity (b), density (c), and
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F2EF METETLVERAVEEEFSKE GLEERBERS) SB35 7HY (Ruditapes
philippinarum) @) pE& S
2. 1 XLHIC
2. 1. 1 FHVREXOREK

7 % U Ruditapes philippinarum (Adams & Reeve, 1850) (FZdL# 7 7=t A U H, I —1 v/ o040
L (Rodriguez-Moscoso et al., 1992 ; Nakamura et al., 2002 ; Humphreys et al., 2007 ; Kang et al., 2007 ; Nizzoli
et al., 2007 ; Ponurovskii, 2008 ; Ren et al., 2008 ; Dang et al., 2009 ; Colakoglu & Palaz, 2014 ; Ruesink et al., 2014),
TR ~ KR 20 m HiifE ORYEIEICAR T2 KA TH L. BAREWN TIEALME D & LI H T TR
LTV D.

IO THRETIE, 1980 FANE THEM 11~16 T D7 U RS Tz, LavL, ZO%EaH
(IR L, ITETIE 3~4 5 b UATR SRR LTV D (Fig. 2.1.1-1) . Z O ERITHk A TH Y

()11, 2008), MO TRTHZREICLDAR - BIHG TH L TR - OB (B3P, 2002), K

Bz (15, 2002), ERgR/KSE - FWNZ L5 KEPESE (Suzuki, 2001 ; Toba et al., 2008 ; “F-F 5, 2010),
PN EOFRAEBEORAD (BA - AJF, 2003), FAEROKG: (RO 5, 2002) FRFTLN TS, o
N&EZTTT YY) OFFREOEE AT 7B A3 R iThhTngd (BrE, 2006). —7, Akifs
1 TUE 2000 AR T THRE &S HIIMERICH V, FHENE - —iECHBME, 0B L Wo TR
PEME & LEARTHRIERIXZ < Wb OO, L E LT AENH R STV D (Fig. 2.1.1-1). ZELT
HHELZLZDAN=ALZIAT 22 LITERERICBOWTEERRETH Y, ERNEZT.OL LE
FER D 7 Y Vi EIT R EMNG A2 LA 5 BT, AREE T CTREBEMICH RERMEZ HDD K91
mHEEZOND.

2. 1. 2 7HYOHKER

T Y VI THRCKIEDE T TR AT 508, B CIIAIENOEY 7 Z > 7 b 7210 T <,
JEAG R b EE R LA pER & L TR L T D (eg, P4, 2004 ; (LA, 2011). VEOHERM L
(AR T D R ARSI 80 oW RIS L > TARKEICFIRE T2 Z £ 3 5T\ %  (Delgado et al.,
1991 ; de Jonge & van Beusekom, 1995 ; Lucas et al., 2000 ; Koh et al., 2006 ; Suga et al., 2011) . JT4F, 74V
ZIX L& L@t “HEEOBENR E LT, Bl EoNY 77 7 > (Yokoyamaetal.,
2005 ; Y2 & >, 2008 ; Dang et al., 2009) (Zh1 % C, FHRRE L 72 EAMMAEHOBEEERN BRI TS (Uh
A5, 1992 ; Kamermans, 1994 ; JHiE S, 2009 ; Komoritaetal., 2014). T D7-®, W7 F 7 b LK
AR KD EMBAEFEN E O X5 T Y OAEEICHE L TV ENZH LN T E0RD b1
5.

35



2. 1. 3 7HUOHEETIL

o L AWML EEOLEE & BT 5 3R TOERRTT L, WL L RKRAEIEZRDORNY
EHOMNCTH ETEERY AL LERVGL. £, [KBNRHEZITO 2 LT, Rx RFROREL
I L TARRN ED L D ITSET 202 TR - FHMiT 22 AT L 91225, 7Y VITEER
HTHY, HEKTOBBYWEZKENORY IAATEEL TS, BEHORED AT KA TH S
TH VITEEROMBERERICKE S HFHETLHZ ENM6NTEY, Z20&E & L THEVWEEE (Officer et
al., 1982 ; Nakamura, 2001), 22 D4Rt (Bartoli et al., 2001 ; Welsh et al., 2005 ; Nizzoli et al., 2007 ; Komorita
etal,, 2010), AHfk - BizEDfEdE (Welsh etal, 2005) SE3diy STV D, 70 U B EIEER IR I
B & RN 5 72 DI IZ A LT T ST U OfEAREENRE 2 M AA T MRS 5.

Melia et al. (2004) (X7 %V D% L iR OEB 2 1R 9 2 AR EIEE 7 L ZBA% L, Saccadi Goro
lagoon (Z# A L7z, ZOETAEZHNDZ & TINENRRE 2D L5 R A - ERE & fE g A
BIZHOW TR L. £72, Flye-Sainte-Marie et al. (2007) (% Marennes-Oléron Bay 7 V) % xR FRE
T (= F X —FT ) ZA L, K& Chl-a B0 BIEE 525 2 & CHREEE & FEIRREY
DEWFBMEE 2. —5 T, KEENO Chl-a BT ) OFEHEOFE L LT+ Thna &2k
LTS, 20X, INETEOMEZICL>TT VY OREET AR SN TE 72 (Table
213-1). L Lanb, TAbDETFTAOELAIT VY OEEHRE LT T T > 7 b DBz g L
LTHY, EAMMEREEIC X 2EOMEIIZBEINTWn ol Fio, BRREZBIAIE) S 52 T
WH ZENEL, ERRET MTHIARM AN ZRBL L2637,

2. 1. 4 BH

AMFFEDORI G T oo H W TIE T UV IEN A TH D, 2000 FARIT 1T K 4[] 1000 K HiE D
KETRH -7 (Fig. 2.1-2). 7H VTR O HEIERICT TOFE (o Toh X%z
TSNS TRESHL TS, MINICAET 27 9 VBGORERMIT 15 km* RETHD. JEfF
TIFEREHO—BRE LT, BploRE 7 HPa~8 AR) LY A XoE (3K 35 mm L L)
PITONTWD. JBEEBIZRIT 273U OFFREREICET 28 MITZ LWORBIRTH D, A - 5 H
(1956) 1FEFEWIDT U iGN TT ¥ U OX6RICES < Fli & E 21TV, 4 HICBT 28O
VIR E L (LAERE - 8.8 mm, 2 4E8E : 21.3 mm, 34ERE : 344 mm, 4 4EFf : 409 mm, 5 4ERE - 44.3
mm, 648 : 49.0mm). L L7eans, HARIZE2RERKOEWTHL NS TELT, 27
U ORFRHR B IEEE 2 SR 5 EHRICEH L TH FE RSN TR,

THEBEOBREFIZS O UG ORBENA N OHRBEN R R TH Y, £ OBZITEPEERBE O
WEERMEZ D5 (O, 2001). £7z, KREZHKEBEOKRECRRALZ EAT 5 EERERO—>
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Td 5 (e.g., Mann, 1979 ; Page & Hubbard, 1987 ; Uddin etal., 2012). % D7=%, EFEIERED K& OVKIE D RF2E
MAEZHONNCT 5 2 N MEHOHELHET L L THEETHD.

HFERHIRIC AR T 2 70 VIRRATIRO b O & A THMPEWZD (LA - 45 H, 1956 ; Ohba, 1959 ;
TG 5, 1996), RHIMICE> TEORE LRGERREZE=2 1 V7 LT 5 Z LIRS TlEhn. £2
T, BV I 2L —va rEEHT S LT, RREEICRIE TR E RN O A I REET 5
EMTELEDITRD. BEESIZEWEMETERT L7 VL, WEERICRICTERENREN &
no, REETT/LV (FERBEEET V) 2EBRETNVERAT S 2L T, TOEEZEENICHHET
LT LENTELEIICRD. TNETEREICEN SN TEZAERRET L TIET ¥ OFEKRERITS
EENTI Ao (eg., RIS, 2003 ; K5, 2006 ; Yoonetal, 2011). 7=, AWK TT 4V OxE
T L L CHEAE LT 2 A OEOE  (Kasim & Mukai, 2006) & B8 STV,

T ZTAMETIE, 1) BIMEHEIC I 73 ) OERIFEEL CERREZH O NCTH2 8, 2)
BEIalb—rary (FEERETA) ICLD 7Y ORRSEORZE I S) 4 3Bl 3 5 EK % E &Y
ICHGET 52 &, 3) MWAEEMAXZ DA =R LEHHTHZ L, ZHME L.

2. 2 DRE

JE RN O 7 Y ek (T-1) PICHIS Stn A (43°02.7° N, 144°53.1°E), i1 0 Stn B (43°02.6° N, 144°51.5°
E) @2 ES&RE L (Fig.2.2-1), 2010 475 2011 42700 CE AU H T EHITHE &l & 0
L7z (Table2.2-1). 728, 2 MO (FHFM) 1XRRETHD.

2. 2. 1 EHRE

o REmAE

FHRIZT 7V var (EA29cm) 2 HWTIERE AR L. KEMHB M OY > 7 v i33RE 10 cm
¥T%, GARERO Chl-atrHoy o 7 AERE Lem 2558 L Lz, 8RB L2 EERUEHIRAK T %
THWBRIFE LT, 7HVOEEREROY 7 LE, A7 AT (20cmX20cm, #S 5cm) %
HAWTEERIZBOTHREY AR L7 (n=4-8). Z0D%, 1mm HOAHWTHE, i LoKigE»s
7YV A LRNE £ TEREICTBW ToNT it LK OH CHE L7-.

o I - HAHE
WLEE 53 AT FH OHEREWZRH L 60°C THzMetz, LA F ORI (2mm 2Lk, 2~1mm, 1000~500 um, 500~
250 um, 250~125pm, 125~63 pm, 63um LA F) (2B L, ThEnoEELNE L.
HEREREHTIBTER L g 2K FE L, 6mL O N,N-V A F LRV AT 2 K (DMF) AR H & (Suzuk
& Ishimaru, 1990), Z3#H7r & CWBFET CHRAT L7z, i L 7= HOE R (10-AU, Turner Design #1:54)
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Z I T Welschmeyer 1% (Welschmeyer, 1994) 1T X 0 #Ef58) O B &2 72 Y @ Chl-ai2 & (ug Chl-a g DW)
B L7z, Jeds, E/KRITHERMM A 60°C T 48 IFfHILL Lzt S, WAl O EEAEN O L.
F7-, HEALEREY7-0 O Chl-a BifFE (mg Chl-am?) % Montani et al. (2003) (ZHEVVE H L 7=,

PEER REETHEH LN TV V1L, & 5mm DL EOEFICO W TeERo#ELY ) F ALV EL,
FOBERTOBRGEOEFERELZFHI L. MA T, #&E, BB ES, K ERE COBRA
REBDDICKESTEOEEROT YD 2= L, FHEEZFH L7z, 722k, SAE L E TR %
60°C T 48 Rl LB S HRICERZME LSO TH L. ZZTCHLALBAEXEL S Lig, BR%E
BIE Uz 2RO B2 HEE L, S ERREO NS A~ 22 HI L, £, IR
EHOFELE LT HLR Tt 35~45 mm fiit2 07 % U % 10 fEfRiE5 L7z, Sl 7 3 U IdE
SL (mm), %% SH (mm), & SW (mm), #REEER WW (g) ZHIE L, B Condition index (78
N5, 1992) ZUTORIZIVEHLE

WW 10°

Conditionindex=—————-
SL-SH -SW

TR B2 S TR A2 By AR I U723k 2 CHNS Analyzer (NA-1500NC, Fisons #E#) 2 F N Ciffs
W EES ) ORBRONERGHEEREH L

2. 2. 2 EHEKA

WAL OREIZITERCEFT (Compact EM, 7 L v 7 E () ZHW\W=. o7V 7RG 0.5 72,
Yo 7 AEER 600 fE, S—A MR LR S L <X 2 BERE O R CTRIE 21T~ 7. f#lT Y 7 ~ TSMaster
KON TSEditor (http://cse.fra.affrc.go.jp/matasan/home_page.html) % VT, E¥IR 720 HE T 2 Bk
oWk BR LT DB T (BERIG, 2012). d i ONEE OREIZIX LI H KSR
(ACL2180-TPM, 7 L v 7 &E{+EEL; L% TPM) KO A =7 v 7 ¢ /WEBEEEE (INFINITY-CLW,
T Ly s BEA D% CLW) A EA L7z, CLW IZBI LTIk llERF o 10 # (1 #bds =123 10 B3]
E) DFEEZF L Lz, 7o, BRI & I o —EITRE) S 20 cm BREREIL TV 2 (Fig. 2.2.2-1).

2. 3 BEETML

2. 3.1 YE-EBRESETIL

SENT BRI S A7 3 IRoT PR — AR RERAE &£ T/ (Yoon etal., 2011) (ZHT7212 7 W U O {E#ES)
REET NVEMAIAATS (Fig. 2.3.1-1) . FHREEENIE AR OVERE & U (Fig. 2.3.1-2), )11 K O
KOFWAZEBRE LIz, MPLET NV OFRSEM % (18 Table A-5a 12, ARERTE T /L OREALESE % {6k Table
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B-0a (2, FHATER X% £k Fig. B-0a (2R 3. LRI RS 7V U OfEKREEENREE T /L LA ORI DWW T
IEfHERICRCE L7z,

2. 3. 2 7HYOEFHBEETIL

TH UL LFERE (RI2 EOFKIHEIR) 225 SFREE TO 5 DOEMBFZFRE LTz, £7 /O R EIM
T4 AND 12 AETTH L2, (1 FHED 12 A 31 HERFROKRED 96%NRELLD 4 ] 1 H D i+1 FEHED
AREICH RN D DL Lz, B, VEROYMERIIEFE - EOMEE 5 2 7.

7Y U DORRET V1T Solidoro et al. (2000) T E4L7zb DA EH L7-. Solidoro etal. (2000) T/ 4L
AR ET T L ORI, BOBE - 7Y ) HEORELZEE LT r X —fmzi e, RESE
HIRRICT DO OMLEREORKREZ HIREFRE] L LTHRELTWVWOIRTHD. ZHUTky =
KA DEIRENARIA STV L. VRO TV Y ORIz HEE DW; (g DW ind. 1) DRF#Z{IXF1L
B, MENLLLFOXTERENS (Solidoro etal, 2000). 7233, LA Ik R CTHWE T A =2 D
{51 % Table 2.3.2-1 (278 L 7=

dD—:N‘ = Assimilation— Respiration

B, FREICE o TR S §VAEREOBRITEE DW; (9) IT#fHER e, b, p 2 ATk LY
W% SLi (mm) K OV S IR FW; (9) ICHR L2, 2 b OMBEAEIIH A OF5 5% & & 12 Excel
oEYFR SR Lz (Fig. 2.4.1-5 ).

FW, =a-SL;°
DW; =b- FW;°
e [k

i FEREOEARDFREE (g DW ind.t dayl) (X Solidoro etal. (2000) 75K TEEIND.

1
Assimilation; =Gy g - ng (F) ng (T) DWili?P

T I T, Gdmax (g DWO30day™) (THRAFIHIE B ORAMEEE, F (g C LY (TRFERITHE S 7-ff
REE, for(F) 13RRICEET 2 EFHIRRBISE, T (°C) 13K, for(T) (TR ICEIT 2 /KIEHIREHR TH 5.
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B BRBASE OVKIEHIFREIZIEX 0 205 1 FTOfEZ &V, ERKEWIEEREIZE > THREDFE TH
HZEHERL, KELDEXIIZOBERIZLDEELID S 20, fEFIFREEIIRAIC LRSS,

. F
foe (F)=min [1, ?j
ZIT, F* (ngCLY) [IHIRERETH Y, RANLROHND.

1
F* _ deax : ng (T) DWiliﬁ “Ec
Vi (T)- DWW, - &

22T, ec QgDW?Y) 1I7 %Y oFE, Vi (LgDWadayt) 1%, fur(T) (XIEKIZEET 2 KIRMIREIE, ¢
1%, e QugChH IIMMIEEOEE TH S, BREIZEET 2 /KRNI FRBIEL & oK IZEE 3 2 kiR PRI EU T
ZNZNRATRISND.

T _T ﬁg'(ng_Tt)g)
ng(T):(T = T J 'eXp{ﬂg (T _TOQ)}
mg ~ 'og
Au-(Tmv—Tov)
T =T
=[] ol -7

T, T (°C) 1EFFRIZBET 2 R RKIR, Tor (°C) 1XPERICBES 2 AciizkKii, B (°C) IXFFRIZBE S
B AKIEEREL, Tmy (°C) 1FIE/KIZEE T D AKIE, Tow (°C) 1FIE/KIZEES D /KiE, pv (°CY) 1ElEAKIC
B4 5 KIEMRETH S .

HIPRAFHEEE (X T ) OF A ZOHINE & BICRERY, Bk & OBEFEND Fig. 23.2-1 D X HIZET
TENTEDL. THUOHERE L THEY T 7 7 N AT 2 CIR AR O B\ EE NS B TR &
VIS TWD 729 (eg., Kasim & Mukai, 2006 ; Komorita et al., 2014), AEF /L ClIEM 77 7 b
VR OV BRI U7 ARSI O 2 FREE A AR U CRRE L7z (Fig. 2.3.1-1) . JEAEBCHIEEER o P i £
(ITRIEA K E < HFH LT 5D &) #iis (de Jonge & Bergs, 1987 ; Delgado et al., 1991 ; Lucas et al., 2000)
BBEI, KEOR TEIZEHIT 5 HRE L7z EAREE OB SBA (pg Chl-a L) (LA FOXTHEE
L7z.

SBA=q-vJu? +v? - MPB
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22T, u (msY) I x HFmopsdE, v (mst) 1Ty HFmojiE, MPB (mg Chl-a m?) (3 EAMGH#EEE O
B EEY7- 0 OBFRETH D, ok, EAMMEREOEY IR % (BHE GHEME) &L

ThH 7= (Fig. 2.4.1-2 Z17).

® [TIf
i EREOMEIROME & (g DW ind.t day) (% Solidoro etal. (2000) 7S RATHREIND.

Respiratio n; = Ry max - Trr (T)- DW,

Z 2T, Ramax (day™) (ZFFIZ I 2 #RRHR L BB 0D fie R IR E, firr(T) 13RI RS9 2 KIERIECTH 5.

fer(T) 1FXRATROEND.

Br-(Tmr=Tor)
T =T
=[] el )

ZZTC, Tor (OC) 1EFPRIZBIT 2 RKIMR, Tor (°C) (XFFIRICREES 2 fciiizkild, B (°C) IXFFRIZBId

LK TH 5.

iV EEREO T I U OFFE Densityi (ind. m2) ORFHZ(IZHRE LT &, BEE, IMABRNSRAUIL DK

L.

dDensity ; , .
Tty, =—Mortality; — Harvest; + Recruitmen t;
o BARL

HARSET- & (ind. m2day?) (279U O EHRIELEER Nmorye (dayt) 2V Tz kv R L. 2B,

THIDOYA XL > THECRITE LN bD L L.
Mortality = Nmor . - Density ;

.
o Rk
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R (ind. m2day?) Ik TE L.

Catchy,c

Harvest =
Z Z T, Catchme (g FW day?) 1ZERFMATO AR, Areauc (m?) X7V U ORGHERE THH. H
T8 BT ACRE LR S I IEHE THlE S TV 24 A ok s

(http://www.fishexp.hro.or.jp/marineinfo/internetdb/) 7SR L7, BEEIMTIX7 A 16 H2 68 A 31 HIZ
DT TR AR E STV D7, RETZT A THEBEITE M Thnne Lic, ek, st
BITSFEROHE LT,

o MA

LA < S5 (1956) (XEFHO 7V U SGIZ BV T LAEREO FE)3E 3 88 mm Th o7 L LT
5. RETATIHI~SSFHETOTY U 235 LTRY, S#EOFHEBMBA A 1R) IZHkicl
EREPIMAT DL HICHEEL TS, £I2T, %E 88 mm OFEEEENS—ERE 4 H 1 BIZET MTEMNE
noxboLE L.

o iHEZEH

FIABAAGIF O T U EARED AR O ITBIED O, BAEREOLRITARETENOHEE L. 7
B, VIHBE I TSI L6 —E L Lz (Table2.3.2-2). 79 U OHSAilki%, M5 EE2HNTCET /LD
7Yy REERDLEESBITHRE LT (8% Fig. B-1).

2. 3. 3 &K - BREH

WELESE O YIARIE, 7 D & Br < AEMLFEEER O P ZRIFIL Yoon etal. (2011) IZHE- 72

S, A EGE, FHRE, KPR, ERIIKETO AMeDAS CKH S L <IEFI1H) 1 X 2810
It % 7oL )R, KR, 017K T oS a8H, TR FREAHEAY), T iE AT I £ 13 Yoon et al. (2011)
([CHE o 7=, BABESUC T DWINIIE S 4 4000 (M2, S2, K1, O1) Zoa%iE L. BRI T 2 7KIEK
U453 1X FRA-ROMS  (http://fm.dc.affrc.go.jp/fra-roms/index.html) 225 5%E L7z, BRBEFRIC I T D ST,
RIFREEHY, W7 Z 7 v - 877 b U HREEIT Yoon et al. (2011) (ZHE- 7=,

2. 4 ®#EB
2. 4. 1 AL
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o TEHHE
B AL L TR & ITRIEEAY 2 mm LA E DSy A3 50%LL 4 b5 6D Tz, KR 1 mm BLF ORL723 5
D LEIEIENN L B F R FE o7 (Table 2.4.1-1).

HEFEY D Chl-a (EEAERGIIEERR) BifF 1T 4 H Tk b <, 8 H LAREITR VK ECTHER L 7= (Fig. 2.4.1-1).

S mm LU EOT Y OB T & I 2010 4E 10 HIZlRK &R ol 2O L X OWIN TOEE
TR D 2 f5REEE & @i o 7. 2010 4F 11 A ICIEMHUE OB EEIIRRE Th o7z b o0, FED 4 12X
N COREEDORE I NI S vz, ZA0E 2011 4F 3 AICRA LI K 2584 i L= b
DToHD. WA TIL 2011 FITHF ISR LY bIREE ThH -7 (Fig. 24.1-2a). A& THIZE X, 2010
FEOWIN TR & AT 2 HREOEmWETH 72, B L [AERIC 2010 4F 11 A 25 2011 4F 4 A1)
JTHR TIIAEHEDRE B L, £O%GIRKETHRE L.

THIDe AN T LAOFEHENE Fig. 24.1-3 (7. KEARE CTHA LI X D AR 85D 27k
— I (Komorita et al., 2014) | i HiL S CIEpERR C & 7e o 7o, iR 10 mm A OHE H O #:13 2010 4 & 2011
FITIIRESERY, SHFERBEOFIEN AR STz, £/, BE 40mm UL EOREEFICERT 5 &,
A & 0TI BUR DS R & < Bp o7z, R TIIEHERM 28 U TGRR 40 mm 28 2 5 & 5 7@k
DOHBEIEDIEF I > T2, —T5, WA TR 40 mm LU EOER & ELis i s O BEEE CHBLL 72

7Y U O E, 2010 FRIXFEICIR L 0 LN OFREWETH 72, 2011 FIiE 4, 5 H ERRW
TR DT @ -oTo. EMEIXE RS 2 MAIC b o 7o b 00, Z ORI K-> T2
0, WRTTII A & AR TROWR B Lz (Fig. 2.4.1-4).

e LA X EE, B SR EE IR EROBRE Fig. 24.1-5 1277, 22 THRLNERT
A—BEETTIVTHERH L.

%:'l.l

o EfEAl

[EHARIC B S A7zl de S Dz B IR E EoWMACB LT, Bitiksy (W EEk) & 4£H
ROy (FICEIRESKR) OELORHEEL TWD 2 MEE L7, R TIIRAr & A8 23 [RIRRE T
Hol-b OO, WO TIIBTHAS NS L T, #SH TSRS Z kT 25 & (Fig. 2.4.1-6), Bk
SFTIR LD WO TRE o7, —J7, BHRSGICHOWTIHER THERZEIZZ b NRho T,
2010 = 6 7 (245 iR THIE S I HER e EodOMEOHER & Fig. 2.4.1-7 1T 7. WIRTIX, —#0
I & BRO TR OMECHER LTz, —05, W0 CITt a0 A MEEICBI S, fR R
BEfsT o2 bEnoT.

2. 4. 2 HEETIL
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K, W7 Z 7 by (PHY) IREE, JEAMGSEEROBUF&E & Jid A bR U7 FHE U 7o A0
W (SBA) BEDOHER % Fig. 2.4.2-1 173, AKIRIZAR R FEZ(bZRL, 8 AND 9 HIZnT T
mol. HEEOEEZARD L, 4 A6 10 HIC T TEik, 11 AT 0 o B3 E T mvMETH
ofz. Fo, EERICET 2 KIRHIBREE S KR & FEROMHmZ R Lz, 777 b L ERE LT
JEAEBGR SR IS CIREA R E K B2V, WH L GEFEZE L THIRED bil0 TEro7z. ik
TIEE LR DRV VK (<3 pg Chl-al?t) THERE L Tuiz,

S5AEMOT B U O EREOEFIIHAIZ L > TRES B o7z (Fig. 24.2-2). R TIIFEEZRL D
CATHREHENSIAL L, 5 BICIIEEMRED 40 mm B CIER L2, —JF, W0 T3k 50 mm 2L Lk
F TR L7z, 3%z 40 mm OEER R IFFAETRER, > I 2 L—1 3 v & BICRBROMm 23 A 6 v 7 (Fig.
2.4.2-33). WIRTIET I 2 b— 3 U ORRIERE 20 ARGHE L TV 2 b 00, BREEMERT D823
FFRCX7, —F7, W0 CIUERARRERERAR SN, OfEAO AR RIS I TSy ME S HER
L, fREICEDRERIBEAEAER LTS Z ER00 % (Fig. 2.4.2-3b).

2. 5 EBER
2. 5. 1 FHYDENE - BKE

TH Y OEHREDOE =4V 7 IXENTIIHEET (Ohba, 1959), KRHHTE (Tezukaetal,
2012), AHWAME (shiietal, 2001 ; ¥ 5, 2002) 72 ETHWESNTND. LoLRns, FEREMOMRT
HrHT- L O RBREREOER (Fig. 2.4.2-3) IZOW TR LG ITA LR, FEhGmTo 731
DR OEW D FUTE BN TR (FIRS, 1992) LHFNE =W (Nakamura et al., 2002) Ty ST
L. BWNTRTIE, 7YY ORERITW TH CTRbE S, BIFEOME D, WIREFET QIR T L
TV, ZOERE LT, AR OZEPHK S EOEVRER STV S, £z, /MEIINA TS
FERDOBER DR SN TN D. KIFEOESRTH S StnA (HH) & StnB (H0) 1FEITR Lo
KO NTHAMZR IR T NTIIALE L TR WS, KERICITEE L7zl 0 Lk Ag#ins b g & & 2 i 51
RTHDL LMD, MEGOEWIZL > THRERAPEZS>TWLZENRBEIALND.

2010 FFITITAEME (FBE) (TR IV bInTREL, EOBHIRID SMATRETHL Z LR D
MR ATz, ZTHETE L OWHBRICIE O T A REORRICET 2B EMRMER SN T2 500 (eg,
Jensen, 1993 ; Weinberg, 1998), AFRA OFER ST EME (FBE) TrIpkREE o R o % §LH
TERWZ ENGND. RIS T 27 Y OEY I U KEHRE & [ARE (Komorita et al.,
2014) THY, TOMOUER L A<D LHEFICTENMETH -7 (Table25.1-1). mWWEME (LER) %=
KZDTDIZIIHY T T 7 b o REABHEEEO B\ —IRAE & R R RO N AR R TH Y
RUHE TIIZ OBBEBTER SN TV D LB BRD.
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JEE OHERBICE BT 5 & (Fig. 24.1-4), #RTIIREZ 6 ALK, W10 ClIkXZ 8 H LIRBAEMG
DR TR S, I K > THIZETRRD2LOOEZRIC—EEILTWDHIHDEEZ L.
7Y OEINENTALEE CIXEZEIC 1 (HIEDS, 1996) & SN TEY, KRR THIRIEEOMER DA 5
ni-.

2. 5. 2 7HYDOERRE

THEBEORERE A OAEERPEAE RS TR TH Y, REICHT 2 EMEORRIELE LT
i LTV % (MacDonald & Thompson, 1985) . A% HAH O Bl 88 4 SCRL9™ % 2K & L CKIRSCTREZK IR,
Wy, WATIRSR, VR, EPEHREE, EERHERENZET O D (Ferreiraetal., 2011) . H/r-OVE(F IR R IR L
X7 OEIFICEEST D L) fE (eg, BIHD, 1996) (FfMkke L CHIIS VT, 7o, EKRH O H
BEOETFEA L olz. 22T, 22 TIIKBROEERE (FRECERE LY G1e) 2oV Tl
M OENEBET 5. AGE EOKIEIXFRE DB TR L Y S0 TE TR 2 2@ MR A2 5
NEbDOD, ZOEIF/NE ol FDI®, KIRIZE > THEMOBREEREDENEC TS &IEE
(< WA TR, HERE I L O BB E (Chl-a) 23@0IC L3 2 BIG s B S iz (Fig. 2.4.1-7) .
ZOfED SR, BUGTORMT T 7 N OB LD b D EITE XL L, WY O~ DK
EPHIREE O, SEVHBRBEARM LD THD EEX LS. IR - R (2002) 1E, HAE
AR IR IV COKE OEfelifl 2 i L, £OR CIEICRE LT, mKiAD &&bh ) OO RIC
o TERAEE FF A LIk EWEZR RT 2 L 2#F 50 L. £72, Kohetal. (2006) 134 i
(CHRIZ T DERBLI ORGSR RGBSR 0O B RRE B 13001 (A O TR O H NI HE LT S
Z & &L MR TOEWFORIE, AKCHREOKRE S0 BARHN 20 OfPEHe R 28N S8
e bz, EAEMMBEEOFRBICRESFGL TS LEBEXLND. 2O Lhb, REGEOEN
Ko TR & TR CTIIEFRHRED I E CTH D 2 LD D 2 5.

2. 5. 3 7HYORKEHBRERADER

BEMROT=2 U o ZFERD DI, W TR 40 mm fi TOREER N R S (Fig. 2.4.1-3),
IR 40 mm R OEEEZ F O 7 FEfR B ORE 0 b IR TR O 23R S 7z (Fig. 2.4.2-3).
SR D BRI EE D B O T Dk R Al R DA D BRI DWW TAERERE 7 /L & W CERIITHREE
LT 7% U ORMBEEEITKIR & (R L DHIRA 2T 5. KIRIC & 2 plcR iR o BE G TR
I CRERETA DN oTo. 207, HEREOBEVAREREICRKREREELH 2 TNDH I LN
437 %. Solidoro et al. (2000) (ZH5-3< Az T T /L CIIHIIRETMEE 2 5% & L, Bl ORI Z OHIERAT
MR A TS L AER RIS K DERIRAMERT 2 2 L1225, HIRERREIZ T 5 ) OF A 2 k- TR
720 (Fig. 2.3.2-1), #%E40mm THIUE 2~3pgChl-aLt L7225 Z X005 . B ORFRE g T
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T2 @ Chl-afRfE% TR Z &ENEWNTzs), BRERHIRAE S EHR LEESAMFHL TWD Z ENET VTR
SN, BT NVCEAMMBEOFERREZ BB L o256, 7Y OfEREITREUETFLE
ZDZENS, THYOEEEXZ D ETEAMMBEOFERBENS RE S TFELTND ZERH LN
ol TRNETESOHEICE T, 79U OEHRE U TRERNE L 72 ARG o S0 R
INTEY (s, 1992 ; Kasim & Mukai, 2006 ; Komorita et al., 2014), AAF5E T & [RIFE DR K3 R &
.

Grizzle & Morin (1989) %, &> &/ 244 (Mercenaria mercenaria) O fFE(Z2>W\CEAEREZIT,
KEFMOER N7 T 7 ARREDEE"HEOBRICKE S BERT 2 LIER L. RIFRORR
Mmoh, HEYE ETOZan T 4T Ty 7 X (HOUEXG0E) NEEEREORIE L LTIV AT
HHEEZD. ZLT, WMo TiEEmWwWrea 7 47T v 7 AL TT Y OEmWAEFEEDRHERF S
TWhEERGNE., —77, HRO IS RENOERLH RIS T, HBORNRIZL > TT ¥ U Ok
DPMER L TWD Z EavREnTe. BRHRREZ (b S 272 OIZIIF | E D FERR ENLETH L L
ZHN5. REEEORESAEENOMN LT X RICONT, 73 U RLEAMABEOEIE L & A
FIEAR LFEROM AN 2RI TEDAEBRET VLDV Iab—2a vy aE L, ZORHRIZ
DWTHFEL TV ZERROBND.
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Table 2.1.3-1. Previous studies on the growth model of the Manila clam (Ruditapes philippinarum)

References Study area Assumed food source
Solidoro et al. (2000) Northern Adriatic Sea, ltaly Phytoplankton

Pastres et al. (2001) Venice Lagoon, Italy Phytoplankton+Detritus
Solidoro et al. (2003) Northern Adriatic Sea, ltaly Phytoplankton

Melia et al. (2004) Sacca di Goro lagoon, Italy *

Flye-Sainte-Marie et al. (2007) Marennes-Oléron Bay, France Phytoplankton

Spillman et al. (2008) Barbamarco Lagoon, ltaly Phytoplankton+Detritus
Bald et al. (2009) Arcachon Bay, France *

Hanamachi et al. (2010) Ise Bay, Japan Phytoplankton

Saurel et al. (2014) North Puget Sound, USA Phytoplankton

*: Growth rates were independent of food availability

Table 2.2-1. List of observation dates

Survey item Station Date
Routine observations

Clam A B 2010/7/26, 10/6, 11/25

2011/4/19, 5/31, 7/13, 9/15, 10/12, 11/8

Microphytobenthos A B 2010/4/2, 5/13, 6/11, 7/8, 8/12, 9/8, 10/6, 11/25
In situ experiment A B 2010/5/21, 6/11, 7/8, 8/12
Continuous observations

Current speed A B 2010/5/13-6/7

Water temperature A B 2010/4/15-8/7

Fluorescence, Salinity A 2010/6/1-6/11

B 2010/6/14-6/24
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Table 2.3.2-1. Parameters used in the clam population sub-model.

Parameters Description Value Unit References

a Coefficient of allometric equation relating 0.000195  no dimension Calculated from observed
full wet weight to shell length data

b Coefficient of allometric equation relating 0.0325 no dimension Calculated from observed
tissue dry weight to full wet weight data

G dmax Maximum growth rate on a tissue dry 0.010 g pw%° gay* Calculated from observed
weight basis data and Komorita et al.

(2014)

R dmax Maximum respiration rate on a tissue dry 0.005  gay? Solidoro et al. (2000)
weight basis

p Coefficient of allometric equation relating 1.08 no dimension Calculated from observed
tissue dry weight to full wet weight data

q Coefficient of allometric filteration rate 0.32  no dimension Solidoro et al. (2000)

Vi Maximum filtration rate 552 | gDw®day* Solidoro et al. (2000)

gc Energetic content of clam 19200 5 g pw Solidoro et al. (2000)

EF Energetic content of microalgae 0.0478 ng C* Platt & Irwin (1973)

T mg Maximum temperature for growth 320 o°o¢ Solidoro et al. (2000)

Tog Optimal temperature for growth 23.0 °¢ Solidoro et al. (2000)

Be Coefficient of temprature for growth 020 o¢t Solidoro et al. (2000)

Tor Maximum temperature for respiration 35.0 o¢ Solidoro et al. (2000)

Tor Optimal temperature for respiration 205 ¢ Solidoro et al. (2000)

By Coefficient of temprature for respiration 0.17 ot Solidoro et al. (2000)

Ty Maximum temperature for filtration 320 o¢ Solidoro et al. (2000)

Tov Optimal temperature for filtration 23.0 °o¢ Solidoro et al. (2000)

By Coefficient of temprature for filtration 0.20 o¢t Solidoro et al. (2000)

omc Assimilation efficiency of clam 0.62  no dimension Nakamura (2004)

Nmor yc Natural mortality rate of clam 0.0017  gay™ Komorita et al. (2014)

Areayc Cultured area of clam 1.5x10° m’ Estimated from aerial

photograph

Table 2.3.2-2. Initial condition of clam size and density

Year-class Shell length (mm)  Density (ind. m?)
1st 8.8 1065.0
2nd 21.3 572.6
3rd 34.4 307.9
4th 40.9 165.5
5th 44.3 89.0

48



Table 2.4.1-1. Grain size distribution (topmost 5 cm of sediment) at Stn A (lake-center) and Stn B (lake-mouth) of

Akkeshi Lake in 2011.

Grain size (%)

<63 um 63-125 um 125-250 pm ~ 250-500 pm ~ 500-1000 pm  1-2 mm 2mm <
Stn A 1.35 3.18 3.51 5.20 8.76 23.56 54.45
Stn B 0.77 2.66 2.01 3.95 8.18 31.71 50.71

Table 2.5.1-1 Comparison of the Manila clam (Ruditapes philippinarum) biomass in Japan. The biomasses are

expressed as wet weight including shell.

Area Biomass (g m™) References

Akkeshi Lake (center), Hokkaido 1781 - 7239  This study

Akkeshi Lake (mouth), Hokkaido® 10656 - 13374 This study

Akkeshi Lake (mouth), Hokkaido® 222 - 1922 This study

Hichirippu Lagoon, Hokkaido 1980 - 5590  Komorita et al. (2014)
Isshiki tidal flat, Mikawa Bay 29 - 1855  Aoyama & Suzuki (1997)
Takamatsu, Seto Inland Sea 52 - 563  Magni & Montani (1998)
Midori River estuary, Ariake Bay max. ca. 3000  Yamaguchi et al. (2004)

1: pre-tsunami, 2: after-tsunami
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Fig. 2.1.1-1. Variations in (a) annual harvest of the Manila clam Ruditapes philippinarum in Japan and (b) annual
harvest in Hokkaido (bar chart) and proportion of harvest in Hokkaido (line chart) from 1956 to 2012. Data were
obtained from Ministry of Agriculture, Forestry and Fisheries

(http:/lwww.e-stat.go.jp/SG1/estat/List.do?bid=000001024930&cycode=0).
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Fig. 2.1.4-1. Annual variation in harvest of the Manila clam (Ruditapes philippinarum) in Akkeshi Town from 1991
to 2014. Data were obtained from Hokkaido Research Organization, Fisheries Research Department Marine Net

Hokkaido (http://www.hro.or.jp/list/fisheries/marine/h3mfcd0000000ge0.html).
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Fig. 2.2-1. Location of sampling station.

Fig. 2.2.2-1. Photograph of instruments (left: multiple-parameter probes, right: magnetic current meters) placed in

the clam fishery ground.
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Fig. 2.3.1-1. Framework of the three-dimensional hydrodynamic-ecosystem coupled model including the clam

population sub-model.

en Boudary

Fig. 2.3.1-2. Model domain and distribution of clam.

52



—
B
o

200

LY

1
et
L¥) ]
(=]

100 -

7]
=

Food threshold (ng C

0 10 20 30

th |
=

40 60

Shell length (mm)

Food threshold (pg Chl-a L") 2

[#.]]

mmmm C/Chl-a=50
m— C/Chl-a=33.7

[ S5 P T 9

10 20 30 40 50 60
Shell length (mm)

Fig. 2.3.2-1. Relationships between shell length of clam and food concentration threshold based on carbon

350

concentration (a) and Chl-a concentration (b).

300

250
200

150

—4—St. A (obs.)
=3=St. B (obs.)

«——model input | |

100

Sediment Chl ¢ (mg m2)

50

Fig. 2.4.1-1. Seasonal variation of microphytobenthos biomass at Stn A (A) and Stn B (L) from April 2010 to

November 2010. Error bars represent £1 SD. Solid line shows model input data from April to December 2010.
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Fig. 2.4.1-2. Seasonal fluctuations of density larger than 5 mm in shell length (a) and biomass in terms of wet
weight including shell (b) of the Manila clam (Ruditapes philippinarum) at Stn A (near-center) and Stn B

(near-mouth) from July 2010 to November 2011. Error bars represent £1 SD.
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Fig. 2.4.1-3. Seasonal fluctuations of size frequency distribution larger than 5 mm in shell length of the Manila
clam (Ruditapes philippinarum) population at (a) Stn A (lake-center) and (b) Stn B (lake-mouth) of Akkeshi Lake
from July 2010 to November 2011.
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Fig. 2.4.1-7. Time variation of the fluorescence value of water above the sediment at St. A (lake-center) of Akkeshi
Lake from June 1 to 11, 2010 (a) and St. B (lake-mouth) of Akkeshi Lake from June 14 to 24, 2010. Symbols
outside the framework of figure denote the phases of the moon. The dashed line indicates the detection limit of the

apparatus.
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BI3E EFH- -EREIZBTIERLEEFDSHRIENRL-IRIIOEENTM —FRREELRD
hyFTYoi—

3. 1 [ZLHIC

3. 1. 1 EEABREOFH

ARERIERE & 1T, & x ODAERERIZFHENT T SN D ZARRAEMH) - WL T ne 22 S L, AR
RRED 5 B, FRICANHIZ & » TRED H 5 AERBREREOEH TR AN LR — A LI TN D (D
2007) . IRFHSICITIRE O TR0 Ta <, TR - IO LY & W o TE SRR EIRR D A D1
D05, ENENOERERPA T DBEREIZZ LT DT 2.

W [Tk 2 R ERBR T — B A AL M T ARV AT L ThH L Z LA BTV (Costanza et al.,
1997). MFEBESE R FOAERERRICR - T&E & LTIhETIL, NREFHEEY O G IR OMG
(Nienhuis & Groenendijk, 1986 ; %75, 1996 ; Moncreiff & Sullivan, 2001 ; Kharlamenko et al., 2011), k3%
@€ (Pendleton etal., 2012 ; Tokoro et al., 2014), R OAEH OMH] (Lillebg et al., 2004 ; Hasegawa et al.,
2008), 7 E=TALRK « ik« BEVER OfEE (Caffrey & Kemp, 1990) RN #iEsn &=, /=, T
TP R P Ak 3K R RE - #57K, 1997 ; Kohata et al., 2003 ; i H 5, 2007) C/KPEEEPRADOIE,
IHAFRDOIRE S 28 AT LB O (Kuipers, 1977 ; Cattrijsse et al., 1997) &% 5@ U Tk
BRI —E 22 ftfa9 % (Costanzaetal., 1997).

ZOXIITIHEETIY, BRAxRBREAA T2 2L TENRERRBRIh TV EEx LS. h

DB & Rt ISR L T 7o dI2id, ERRR OIS & 2 OffiiE 2 @ 8IS FHE9 5 2 & 2RI K
Thd.

3. 1. 2 REEICETLIEREEFTORE
MR CIRM R B 57200 ©ed, BERISMNE L WA AHEEE, Bilfttofy 72707 b, WK
DIE LITAHE L0 2 RIS, KRS Wo 7o 19 1Thk % 22 —IRAEFEE DMFET 5 (Fig.
2-1). AWFIEOXRIGIR T & 2 ALMHE BB OVIKITIZ 7 <% (Zosteramarina) 23 AFEPHIZ /A4 5 =
LM% (Hasegawa et al., 2007 ; Kajiharaetal., 2010 ; 5H 5, 2012). 7~ EFXdHEVE > 5 FHEEH IS
JRFPHZR MR EE I 723 > T LT % (Olesen etal., 2015). 7~ EIX—RICEZFELEEARTH D,
AR O LRSI ORS00 R RV TRIRIC 7~ 35 & T 2 KB BEE A TE T2 2 & C, IhRARSR
[CRBWTHERG AR L TWD (IS, 2004). 7 ~FI13EOmEVEW R S IR O 2722 5684
EHLID ZENE. R OFR LICART 2RI REE 2 K> TlRHEHEHE T 5 2
E23d 5 (Sand-Jensen, 1977 ; Silberstein et al., 1986 ; Brush & Nixon, 2002). 7~ EHIZBWTIL, T~F
HY OBFESCAERICHET 2METBEL 60D OO0, FRHTFAIET D o LA pEH O BB
BT 2 RIEZ LW ORBRTH D, MHEFE TRENFT/TET D EIR CITEANREE b E 25—
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WHEPEER L LTNMb 5. —MRICIEARGBERIZIEF IRV E T W T O AR MR T 20 2R >
TBY, W77 7 FrPRHIROZO AR TERWEREIZREWD TS EARGMSRITEEE 2~ 2
&3 % (Cahoon, 1999). Blackford (2002) (il 4523517 2 JEAEPGRIBERE OO A = D IRFZE [ 28 8 2 S il 4
HERE L CHRBEENRGRETHH I L 2R Ln. [REMEOHY 7T o7 b o LIBEE FOfF AR,
HEFEW) b D AT AR CII OB DR S R & < 72 273, FHIREIC K o T & B & KA T0HE
BEITKFEICE SN D 2 L b dH D (Kita & Harada, 1962 ; Kasim & Mukai, 2006) . Z 41 5 O HeffEA: FEE 1%
EIR O, REE) 2o THAEMRICH D Z E2RrENLTW15 (e.g., Yamaguchi et al., 2007 ; Chatterjee et
al., 2013). Z X O iR ORI W T, MBI &AWL EROM BN, £ L TAEmM
DA AR TE HAEBRE T WTEEME OB L CH R FiE L D B2 bND.

3. 1. 3 HIRVRBEOHBEEBRETILOEA

ACHERE REBIALE S 2 )R, mAER) 31.8 km2, FHAZKEERI L5 m OVUKMITH 5. oL EIC X
SUFENAN, KB, BEJIASTRA L TWS. 00 LRI T TRIET 2 79V illG (TI8) %5k
W, NIRRT ~TRNEB I LT\ 5 (Hasegawa et al., 2007) . JEF1IXHER) 500 m D%k
WAKEEZ 8 U RSB~ RO TV D, B 102.6 km?, iR AKIEIZFR L E 25m T, #F 9 km
EEDBREIZ L > TRFEFE~EE L TWS. JEEBTIE7 ¥ Y (Ruditapes philippinarum) & O~ 7%
(Crassostrea gigas), /&5 CTld~H X OBIEINEANATHOIL TN D.

By L ARRAERER O LB & 535 3 Roe OB — ERRRE ST T VL, WEBREROE &L
Y FEFROEINC G 2 5 MG O EOTMEICB WA R FE L2055, EEMNIXINE
<, PS5 (2003), KBS (2006), Yoonetal (2011) , Yoonetal. (2013) 72 W< DD AERERET L
DSE ST E 72 AR B (2003) 13RI O A E 2R BN M AF 9K D522 4 3l L 72. K& & (2006)
RN O E BB BT A EEORENCHOWCEHME L, 7YY L~ XM T T bR
LICEWEEE2 52 TS Z E2H LM L. £72, Yoonetal. (2011) 1 ZEFH0 DIEFE~ L R#E
7Ty AEREY, MELET S EICLAMERNS KXV L ERLT.

3. 1. 4 B#®

R OWENEER B W CEAARERITEE2&FZ K732 (e.g., Nixon, 1981), ZivE TEEHIC
A SN TEZAERRET L (Oshimaetal., 1999 ; 7738 &, 2003 ; K/& 5, 2006 ; Yoon etal., 2011) Ti,
BRI IE AT A DO TEFE BRI L C— B OEIG TR RBIE A )7 S 5 O A CIERARDOEENIH4310E
BEhTWhehotk., 7, ERWTHRBESNTWD ZMEE (7Y - ~4%) OFEREFEE LT
FERE L Q) 2 JEAERGIMAEE  (Kasim & Mukai, 2006) OEIRE S E 7 /LIZIXE N TV eh o7z
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IR TR ERERD A ON DD, AL THR LT 28 T HAERER, WkiEE/ERR (FrioT
P UMRGEN), WREESARR (Fig. 3.1.2-1) TIHMERAEEMEN TN ENRR OB AT 52 05
A5, ZORBEEET DI L TRFBROBWAEENE R D AN =X LD ORN D ZEN
Wrrsh s, £ ZTAMR T, EBRICSHRICHEET DARAERITER L, 1) EREMES ORZE
MZAE 2 R 2 EN, 2) “HEEOE L UCTRBAEEE PRI TKE], 3) HAEAEE O

(LD AERERIERE, ZARRET VICK D EEMICHLNITHZE2ARE L

3. 2 HHHRE

A E A RN, R REENICEE L (Fig. 3.2-1), 2014 45 4 A5 2014 4 12 AISHh T THARMIZ
H 1 RIOBE THELIT> 7. MAEOFEMITN 1 2RIV, ARUFE TR EES OBERRI S
A 205, W77 7 b o R OEARMBSEEOBRAFRITIARECLY, 7vEROMEREOSFE
(22Tl Yoon et al. (2011) (2 &k 2 BLRIE A5 H L7-.

3. 3 KEETL

FRRICRIT D AERROEB 23 E T 28EE 7 /WS, REOKIE - o aiti T 2w Tr L e,
RRAEREROEE Z 5 RS 210F - EWET VL EERET L) ERFEINTZET LV THD (Fig. 3.3-1).
UTICHEET NV EERBRET VIZOWTRT. ok, BT VOFEMITEROHERICEE L.

3. 3. 1 YEETIL-EBRETIL

ETNVOFHESEM 2 Ak Table A5 (2”7, FHAE A v & = ORIFRIZAE L MIZ 475 mX475m & L,
BTN IIARFENIT 6 I EI LT (o BIEER) . ERIIARITMIm O —H 21 /KT 223, AET L

TITHEARDFEK - FAGRIRIEBE L T, 20w, FHRBIITHKIZR 4 A 1B 12 A 31
HETE L. HEREYPIEERE T IR 15em £ T $hE M OfMMEEEIX, 0~0.5cm £ TiX 0.1 cm
fg, 0.5~1cmi%05cm, FHLIED 15em £ TiE lom BkE) x5 L Lz, bk, HEREMNOKIETH
ORBTIEIEEE L T\ e, £z, KAEEWIC X 5 EL (bioturbation, bioirrigation) DOZhF: & £ T
DR,

AERERE T L OARBZE % (-1 Table B-0b 12, IRAEBZSE DA AAFMIX 2 £+ 8% Fig. B-Ob 127”3, &4
LFEROREMELA & Z OFEMIT % B ICFEd L7z, 2 2 THW=ARERE T /L1d Yoon et al. (2011) %
N—=2& L, 7%V OMEKHEE 2 %) KOEEROBELH/ZIINATZbDOTHD. ok, 7~F (M
EES, HUTE) OBUFROEBIET ANTITFE L TR LT, BRIEAZNIEL, MK LT
7= (Yoonetal., 2011). %7z, FiRE L 72 ARRIBIHOKEN TOEMAEIZZE L TR 57, s,
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ke, BEBBROHLZIMOF> TS, TH VITKIEEOR FEOWM T Z > 7 b 2 & iR L7 kAR
MR 2 D JATe S, WRISHRMNC X 2 SR HITHEREY ORE 2 om (ICH)— IS bo & L.

3. 3. 2 HEFIE-HEEH - DHEH

ETVORETFIAFig. 3.3.2-1 IR T, X UDIC, KEHKOWENET VOHEE)L, /IMEEKOTEE)
TNOERFMZTG LTz, £, 4 HOFEHRRK[REMNO T CIEALRRET VA GRS RNLES
LETHENLEZ. Z0OLE, BEROBEROMIT—EL Lz, VT, BIZE/BLNIEEEERET
IV ORERZPIHUE & LTzl — KA REATT LA 4 A OFHRKER LM 0 T T 50 HE%ET Lz
(spin-up). Z DL X THEBEOEBEEBEIIEMLLAZVEOLE Lz, ZOHBAHE GH 1AM 12 A
31 H) (B-7e. F7o, KET AT MEBEZEBOERRE (7Y I~ I T0nD. £
2T, 12 A 31 HOFEKRTIEO M HEBEOV A X&2EEL, 4 A1 HOYHMEL T53H 24V IRL (5
L) fTo 72,

KEDKNT A =2 OFIEITERE, S T—E LS Lz ((f#k Table B-9). 7235, PON, POP, SBA
OPIMREEIL 0 & Uiz, 74 U OPHISGMHIE 1 ECHLNIRERESBIC LT SnA (HRifY) T 1600
ind. m2, StnB (G#lOa8) T 5500 ind. m2, ZHLIAk oS T 2200 ind. m2 & L7z,

o iz

KRR (R T —v) ROVNEE (FOKIA 7r—1) 7 /0 CTOREBER S EMTE 2 22
ik Fig. A-10, A-12 (279, BRAJINIRIFE R, KeiH, R, b2 )1, B oFk 5 )l
ERBL L, BERMTET VIREITCHRN SO T TOTR TITOR T DA, AET N
TIEFBOFHIEZE L TH220.

o LWnHTi

T~ E DAL GIS 7 — % (AWiRE RIS EME T 4 — FREr o 2 — KB AT —va v B
BaESEBRPT), ~ XK OT VY ONMBIIMETEEZNT, ETAD7 ) v FEBERDHEBEITR
iE L7z (T8 Fig. B-1 /).

3. 3. 3 ER&EH
* =&

R[BEMOBEFEITEROMER A BRIV, GRS ORIEILEE LR 2 bE R~ L,
BIRfEIE-8.5°C (12 H), fmfEi%23.3°C (8 H) Tho7-. &K HEEIX 1.4~32.5 MI m? day? DR CTHE
BL, BAZEDLEHmBRENoT.
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o I

TEA) DK & FREDOFREHFIEIIAE A IZFEHE L2, 238, {IKOEZITHIZ0 & Lz, Wik
PO REIERRY), IRIFIERRY), TREEA IR IX 8k Table B-12 O X 9 TR E L7z, F7=, )l
K OEFIERILH ICBFREICH D O & L, EFRERAFIRAE X Weiss (1970) 2> HH L7-.

o FRA

BIBERIC I T DN ZS BN R 4 43 (M2, S2, K1, 01) »HatfE LChH 27, K - Hy 05
ek AR L7z, BRSERUC T DR FRe I, Wi~ 7 v 7 b U REIIBLIIIE (1 5) 25, BfF
ReA 4% (DON) 51T Hasegawa et al. (2001) DR ICH T 2 BUIE S, BT 7 b B
Yoon et al. (2011) 75 ffé5k Table B-10 O X 9 IZ5% € L7=. IEFREAHEY > (DOP) #2/E1X, DON/DOP=10
(Yoonetal, 2011) & LCHHL7-. 72%, PON, POP, SBA M0 & L7,

o fIEY

ARERET LTI, HERIMOTRE 15cm £ CTAFEOKIZ E LTS, HEM OGRS R O T E
(14-15cm) & ZRLUEOE TORTFREROME LRI ONWTHLEBT ILERH Y, ZOFHE TIEEERLL
ROWENVIEL 70D . FERLIROEFREOWEIREITFE, HAIZE 6T —EDMELE Lz (4 Table
B-13).

3. 4 #R

3. 4. 1 ETIORERI

o JKE-1ES - BEEHER - REBIE - Chl-aRE

By (AB8), iR (ALL), 1% (AL2) T&iT HKEOFEM & BLAIME O ik % Fig. 3.4.1-1, 3.4.1-2
(RS, EOHLRIZE W T HKIRITEWEBMENG O, IOV TN TBUH S U 7o RS 13
ETNCTHETLZENTE TN b OO, ZNLSMNIMNRET 2 X 52 LN TE/. NOs &
Chl-a [ZB L TUITET NV CHEMABZIZ D 2 LA TE T2, NHIREIIEREN TITET L CilkqE
fliL T2 b Do, AN CITHBNE O BN Sz, POITEN S IS TR 72 DM
PR TWTZDS, TR CIRREE A R0l KFEAT L Tz

o fElF/KPREIE

LEMOT v EHNO AL2 (H1R) & AL4 (8IFE) (381 2 IR i S 28 S B o0 G HRUE & 8L o
bl % Fig. 3.4.1-3 (R, NOs T, BUHIMEIX 0.9~2.0 umol N LY, FH{EIX 0.2~3.2 ymol N L1 F2 &
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THRE L, £F&2R\CET A THE TR/NHET 20128 > 72, NHs & PO, B L Cid, FHEMEITE
TME & AR FIFLEE OFFHNIC B > 72, IR T NOs 1% NHa 2 & b CJERIAICIL <, DIN O
EAEE NHs D ED T,

o iiEYChl-aIREE

JEREOT VRGN (StnB) &7 ~ESLN (AL2) (ZBIT2HRY O Chl-a (EAMMER) BiFE
OFHEME & BPME O L % Fig. 3.4.1-4 |27, Stn B TIXBIAIMEIX 54~111 mg Chl-a m2, FFE{EIT 49~
116 mg Chl-am2, AL2 TiIBLHIfEIL 30~80 mg Chl-am?, FH-HEfEIL 22~73 mg Chl-am?2 O] TEH L,
FOWHIERSE LN, AT, 7THVRGE T vELHICB T 2BAEDEEZET LV THETLHZ LN
T&EL.

o (IEEBHRAEE

AL2 [ZB T DT ERIEOBAFEIY, BME (Yoonetal., 2011) % 15~138 mg Chl-a m2, F-HEfElE 21~
122 mg Chl-a m? O] CEEY L7z, EE~KFIINT TOLEBIET LV TIRIDZENTELHOD, 4
BN ST mWEWEILE T LV TIERBITE 2o 7- (Fig. 3.4.1-5).

3. 4. 2 KEHROHZMER

® KBEDKFESH

JEE - JERIBICB T D RBOSFEE (NOs, NHi, PO4) IEEERK O Chl-a JE O FEiZ{b % Fig. 3.4.2-1
IR NOsIREEIF OE Cheb @ <, BRBANZMN I IZ 2N TR oo 7. AFITITRMTHEL 2

, ZERINZRZEITNE Dr o 7o NHGIREEIZRD b ZITT TR, KITITESRE & TREEH TR

EZR LT, BT TERTOPRENME T Lz, PO IREEIX NHy & L7 K 9 7o FRHiZA8) 4
RL7z. Chl-aiREICIIRERFHEN A LN, 4 AIFERETEWVMEL R LT DD, EMHHKIC
T TUTARE Z BRDN TR o 7. AT RTIRWRE Th o 72, W AEITEF 28 C TERRE T
bt

o EBEMDHEDM

MR o5 (NOs, NHa, POs) DIE T 1 7 7 A MIZHONWTHD L, NOzidERE TE <,
& & BITHA, NHy & POLIFERE TR, REL LI Lz. 2 OBAIZKRED EZ < DK -
W CRBRICHEE STV D (B0, /i, 1986 ; Trimmer etal., 1998 ; %[ - >k, 2000 ; &ift 5,
2003 ; Corbett, 2010 ; Percuoco et al., 2015) . HEREA T O AHEREEFRIITRE & & I 2@ m ThH - 7.
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o HBAEE (BWMTS U by, [EERE EEWMEESR ORFELLEE

T~ E R BEAER O BALHIEY 72 OBGFREOFHZ( % Fig. 3.42-2 12, AEREOEHE(LE
Fig. 3.4.2-3 \2/R”9". BN T- 0 DM T T > 7 b o BITKIED RN B OTE BER~TE O ER /T
TbHZEZL, ERMNTII o Tc. FHIICAD LIERETIL4 HICRRELZ R~ L., HRE L
JEAEMSEE OB EIL, BN T TS 7 b LRERETH T, MEBEEITHN TR
LD, ERIRBAFROET/ NS poTe. FHMNCTERCE L EWBIFE Th o, AN
FITERHO T 3 V) i T b WBFREZ R L, WMNOZLSN O & JERB O RS ) O T
W7o o R E R TOREWITFE TH 72, —F, KIEOHEWE O Tl AN RILIZ &
IEB BN T, B (4 H~12 ) OB 720 OEEEO KV A% 5 L (Fig. 3.4.2-4),
W77 7 N ATRRFMORE 2RO T L D BB TOCEm oo, FHEEREO A B O ZEHF) 728
B/ NS ote. —J7, JEAEBGIROE O 4 E BTN OB, o T Y VBN TR - T
JEFEETE I ABS, WO 7 U il Stn B, W T~ T8 AL2 (28T DI X D AR FE RO A
At % Fig. 3.4.2-5 |2~ 9. KHUR CTOAEERZDOBLEN DRI EER A PER (T ~E%FR<), AB8
TIIEM 7' Z 7 F v, Stn B CIREAMMESE, AL2 TIXEAMMBELK M ERETH 7.

JE el Atk e OVE B 238003 1T 5 530 A Z{RIX Fig. 3.4.2-6 D L 912721, BB CIIEEED
KEBDDKE T Z 7 NAZE DD Th oz, —J7, JEFMCIIEMMRE SRR RE S5 LT
DT ENIID.

o HBAEEDAEHOHREER

JZFEWOT ViGN & T~ BN TIRIEABMEE O BF RN RS RER > Tz, £z, Wi
SLE BIZHALEAE Y 72 0 OBUFEIIRAERMEEEO R K E o7, AT E, REEREIC
L 2HIR A= T D728, Z02 OOEFL T H 2 & THAARO S M K VEDR O ERE AT
RN OWTHEIT 52 &3 TE 5. StnB (A7 Vi) KOAL2 (MIRT ~EY) (2B 5MEY
TT vy b EEABREE O YA RUCEET D R & R EIEIRE I X D HIROES VOB E T hEh
Fig. 3.4.2-7, 3.4.2-8 |/ ¥ MMM/ NIV E, HAMEHIRT 2EENPARENI EEZEHRLTW
L. 7B, ZITORLMEITINEREITORWER b GO HFETH D Z L ITEE I,
W77 o7 sy, IEARMRIEREE L HIOEHIROESWITE O HEIZT THEML, Eo%ED7
LEMAER LTz HRIZ6 AICRRERY, R RASNELRRNESL 6 A LAICEEEk L7729 (& Fig. A-1),
IREKB L FEIELE e ods. WUHLUETHD L, W7 707 b k0 bEAMMEEDIZ S 2
HHNRDOEE NI NS notz. RET VL, T 77 b ONHIBRE LS %2 58 L7 Steele !
(Steele, 1962), JEAfAIHEEEE O YEHIBR 2 #aF07 (Montani etal., 2003) TREL TS & & HIT, KR
TR VL EARGBEEEDIZ ) DV NEWNWE WO KB E R T 5. ZOTDKEPNERWGET T3t 77 7
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R R0 BIERAMEEIEOIE D SRBRENFEE D N 5. —JF, FEMEHIBRO AW IZEHIBR
W DEFIR/NE IR DFFEBN I DL, RERBIROWE 2525 L, EAMMSEEIL R ZHN K
EWVWHOD, BERLLTIEWT 7 7 b XD BHIROEENTORNE o Tz, ZHUTRBAKRT O
BREDORBHAFIATEL72DTHLHM, L HOFTOEB A 742 & AHPICITREBHBENMETT5 2
CICEVHIRERLSZIT D bdboT

3. 4. 3 Z“HEBOHEER

e 7Hl

JEEE O (StnA) KONHE (StnB) IZBITHAET A TRE LT U OEHR (¥~ 7 7
v, FRE L EAERGNIESE) oEIA O H 2% Fig. 3.4.3-1 1287, SnA T 77 > 7 b LKA
MATESE OB ENFFE TH Y, StnB TIIEW T 7> 7 L OBFRENROXKRE o7z, BEHIKICH D
&, W77 M OFEHRIT 4 I T0~80%FEE L b mi<, —J CEAMMBEBEEO TSI Y
DEEHTH 2 FEIZ 50~60% & Hiki)m o 7o

e THX

JZ S ALS 35 X OVE RS AB8 ICRIT BTV THRE Lz~ W OEEHR (4~ 7 > 7 b kA
Wy, JEAEMGEEE R, (ERERRAEY) OFEG O AZ{bE Fig. 3.4.3-2 127 T. AB8 TILJH
EEBUTHMT T 7 N HROFEEMOHFGN 10%LL EE Kb REL, —H CHEREOR5IXF
EhERhoTo. ALS Tk 4 HITHM T T 2 7 b DD A0RFEE L LR KR E N2 b DD, ZThLL
SAORFNIEANEE & A BEOTF SN RE NPT, 2O b, BENTIIZ R A
FEHAHROAEM 2~ TXDBFHL TNWD ZENRET MLV RENT.

3. 4. 4 PHEFEROTEEL

JERA R VR SRIBIC BT 2 EHOER REE) O % Table 3.4.4-1 12777 JEFATIIAKEEN O 3
WEAEPER I LD RBHE O AR BEITT v ER KB L <, ROVTHERIE, M%7 77 FoDIETH
Sl REEOMBIIZER T2 L, AEY (B2 DON) OB RbEWESEER L. £2, ]
JUBOWARE LV HHEREW )6 O &R %0 > 7. DIN IZBI L TR & BB O R OIS & %
&, FHTIIREEMNOEEB A~ LR LT\ e, BEBICOWTAHRL &, BN L FRRICAE#ED D5y
FEDSRBIOIK DY —ATholz., W7 T 7 N ~OBMHEIZEEMCII®Bm 777 h kv
bV AFXOIE) BEMoT-.

3. 5 EE
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3. 5. 1 ERLEEORFERVEEROEHER - EREKLIES

SRR PEE OB GFREITTIKE, JOmRE, SREERE ), HERICL > TEHT 5. ik
BT D EMAES LB OF, HBHE) OBAICONTE, ZhETEHL OMLTHmIN T

(e.g., Sand-Jensen & Borum, 1991 ; Zaldivar etal., 2009). ¥~ 7 > 7 bk > OEEFEITIKFEN O O IE HibR
oM GEEICBEET D HEDOKT) 2672579728 (Lorenzen, 1972 ; Krause-Jensen & Sand-Jensen,
1998 ; Yamaguchi et al., 2007), VEIZAE T 2 EAMMERIIEY 7 Z 7 h A L TEOBA 2B W
TARMTHL EZEZABND. LnLARns, EARMBEIIEY 77 7 b L0 HEEETH#EET
LI ENMBNTEY, HMZREEO R/ NTHIROESWZ T 5 Z L 1XREECTH 5. Yamaguchi et
al. (2007) VXHET NHEOW T CIIAMERER OWY 7 7 > 7 b o Bifr & L HEFEY h o AR R B A
ORNTITAOHENR A HND Z & #5202 Lz, [FERIZ, Chatterjee etal. (2013) & /KFEN O YD 1R
B & SR A E S RIS T 2 A0MBI A R Lz, T~ EHNO AL2 128V TKEED Chl-a Biffi L
AW O BRGEROBGRE T & 25, T<EDLEMEN D2 Chl-a BE R EWESITITEITET
T & O RADHENRA BT,

JEAE IR DL PE 2 B L 72 < DD ARERE 7L TR 2R R FE 25 <, RIS O
A RITIERBENZ E A EHIR LW E WO FERPELN TS (e.g., Blackford, 2002 ; Yaraetal.,
2006). —77, SRIEMMEIE )N EVAE T /L Tld Hochard et al. (2010) & [FIRIC, —HRAOIC a8 HIBR 2358 <
AUHERTBEZ DT, 2, EAEMAMIEEEIC K 5 B0Y AR DA 1Y O SR L EE-CHEREY) T e
MO EZ LRS- Th 5.

T~ EBGOF KT DT T 7 s 2 R OUEARIEE O AR BT D HIRRER O, HKAEH)
DI Il Z A (Table 35.1-1), 7~EENMN ST E, MW7 707 b v ORFEHRHIRITR X <
Sz, ZHUT7 < LOMNERBEIC LD REROR VAN 7200, KEEOREHRIREE D L5
L7c7ehThD. —J, MREICRE BT lerole. Fio, ERAMMBEEIC L > TRREIZDT )
CHEINOBRE Th oo, 7~ FOEKPENG S EARMSE S F N T & 20683223, K
HER OO HRENE Chl-a IREEIC K> THEB T 2720, IRAMMBEORRERRE EMEh D Z
ElTlem otz ZNOORERNG, EIHEK, FHCT < EHNITIHBW TRMBAEES DL R OB 4K -
THARRICHD Z LRI N,

eI HIRAT2 KO RSO BUR DAL & 0 ¥gEIZ s < SEEITEA % (Morris, 1989 ; Pinckney &
Zingmark, 1993). —J5C, BRIADOIFAENHERTY O PR 2 0] L, BB EEEE O EREE D AF A kI
ORNDHLEOERMLH L (Carretal, 2010). £z, KEDEAIZ L > THEHEMETL, ZOREERL L
TT<EDEFTNELT S Z Lo fi/ 92 2 LM ERESNTun5 (Valielaetal., 1997 ; Buzzelli et
al., 1998 ; Zaldivar et al., 2009 ; Plus et al., 2015). 7 ~EREFICEET HED, T~V EOAEBTKELZIE
TLOHERELRERO —OTHL Z ENHRESN TS (Abeetal., 2003). (A5 BHHDHIEAE T Th HiFE

]
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HOARZME T 52 (Sand-Jensen, 1977 ; Sand-Jensen & Borum, 1984) . AEF /L ClL7 ~EDAEMEIT
BIME > SHREIBE E L THEZ TWA T2, oA REE &L OBROBEIZ L > TEDOEMENE(
TAHZLIFZEINTEBLT, EFLOKBENAAIRTHD.

3. 5. 2 HA4ERBROFEH

Taguchi et al. (1977) (ZEFEBE P REBIZIBNTHED T 7 7 b v O—IRAEFERORIE % JHFITPE > TT
VY, BEIICHAD EEREFBICRLEL, ROTHKEINS =T BNALI, ZOffX-0.030~15gC m?
day O CEB LI L Wi Lz, Fo, FMO—KRAEFERIT 1462259 Cm? (4 AD 12 A OHEK
107gCm?) Thol. RET/NTIE, AB8 (BR) THMKFIZOALEEROY—IRNAH LN, -,
4 A5 12 2T CoO—RAEFEREITFHN 70gCm2day! TH Y, Taguchietal. (1977) & HERTOLEN
BCThHole. 4 AOEFEREEZET /L Tl/NHE L7222 R/ & LT, JROSREIE IR & RAKRIC X 266
HEORENZET b D, JEREEORBRIRE IR OREICRE UKET D2, 4 A ORBHIRE L
BUMEICESEELSRESATWD W EEZEBM). £/2, KEFATIIWEYW T T v 7 b ONAKICH
T2 KIBDEN Qu=2 TIHET 5 £ 91275 TWDHA, 4 A DKIRIL 5°C A & FEF IR T2 DTEHEAME
TLERWICHD. W7 T2 7 R ONARGEENIRK & 72 2 KIRHHITAEEIZ L > TRE S B D0,
FEA 2 RN TIZKIR DY 20°C LU R THAUIKIRN@mWIE EXERGEEIZIRE S RD2BRNA LD
(Eppley, 1972 ; Li, 1985). AtyffiE O AR —> 7 2B\ T HKIEDY 0°C 25 14°C £ TOFPFANTIL, #
R OMEm A HE T2 (Shiomoto, 2009) .

JEEBENTIL, HER T O SR B I OB L TR OIS WRE TH -2 b oo, Bl
FFRITERM & R TIFEA L OMATE? - 2. KA 77 27 F o L _THV R
TTHEGETE 52 (Cahoon, 1999 ; Montani et al., 2003), i T #7 TlLCEREE )N E A MANEIE O AW &0
TENIRE L HEHET D2 EIRENTWS (Blackford, 2002 ; Chatterjee et al., 2013) . JEEIEITFE Y O—
A& B CKIRDS 10 m LAE & JEEMI & TR (Fig. 3.3.3-3b). £ D72, JEAMGIBEIE O A pE 81T
INEL, ERE TN T T 7 NN FERIEAERER L L THREL T\ D 2 EAVRENTE.

3. 5. 3 WBREHEEEBROFH

JEFEOT BV iGN T O MR & A~ TRARMBHOTF RN BE (Smr o7, £z, HALH
FEY47=0 @ Chl-a BUfFRITHE 7T 7 b o R THE~ G Th o7, SnBICHBITH 1 HHZY
DEFERIT 0~58gC m2day! THERE L, 4 ADD 12 AT CORARERITR 390 g C m2dayt ThH -
7-. Colijn & de Jonge (1984) Ix Ems-Dollard estuary (Z331F 2% EAEBGHIAIEIC K DAEM O —RAEERE 62
~276gCm2 & L TW5. E£72, Montanietal. (2003) [ZH#EF PNTED T-EIZ 1T 2 EABGHIEE D 4E
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M OAFEED 329~10959 C m? (CFHME 434gCm?) THDHZ LA RLTZ. ZNHLOFEFIEEE 2D L,
TH VRGN TR ONTAEEIIRARFEEATH L L EXBND.

MR CIIKIROE S I L > CRBRBENRAFTH D, 2Tz <, 7H VRGN TIET %) Ol
AKIEENZ Lo TREEOREW 7 7 > 7 b U & S5 2 L2 L M2 4fwb S5 Rig, kiRt
A U CEEICREBESMHE SN TS (Table 3.4.4-1). 20 X 9 RERIC L CERABIEIE D F L
FREOAFEEPHER SN TS Z EaVRENT. TEARERICRT 2 EAMMEEO BEMT, MY
T bl L TEWEYE - AERAERZE L THERF L TS 2R THD Z EMM4 (2014)
RV EERSN TS,

BIHROKFEN TN T T 7 b I20 T, EAMMBED &WHIS TEET 2 2 LBRmbi
Tk Y (Guarini etal., 2004 ; Kasim & Mukai, 2006), DK & L CHEREN T 5. FEREITEA
FREFEREORSCEER TR EATHY, RET /N TIHIHIIG U CEABBED K S
DH0& Uiz, EABMBETS T CTiXe <, HEMZ OB OO FHERE b RIER CIIKESOERRICRE
7o % 5.2 (e.g., Carretal., 2010), FHEREEIZEE ORIROKSEARE, MHFICL > TREEL
4% (Postma, 1967 ; Lucas et al., 2000 ; Widdows et al., 2004) . HEFEY) O FRE N EEREEIC G- 2 5 WA+
T IR IAT Z E DEBROETH 5.

3. 5. 4 BEFRREEBROFH

B O OFZR/NRIRIBIZIZ LIZ LIE T =T O (7 ~FH) BNERSh, RNOWEIERIC
KEREEE H7- 57 (e.9., Hata & Nakata, 1998 ; Oshima et al., 1999) . 7~ &3 Cldkkx 7 LA e H (7
~%E, (ERE, W77 7 by, ERAREIEOER) BSFEEL, SERAEES OB FR L - RAEEDH)
RIIENENFER R D EEZOND.

Hasegawa et al. (2007) (JEFMDT v F L E BB OERERE OEICEIVEH L, Z2oh T, 7~
EOHAERIL0.06~2.89gC m2day! THERE L, 4 A5 11 H £ TOMRAEFERIT 258 g C m2, {58
O B A PERIT<0.1~5.21 g C m2day! THER L, 4 A5 11 H £ CORAEERIL 349gCm2 Th -7 &
ELTWD. MRS T, EBEIC L D EERED SN KE W (Hasegawa et al., 2007) &) #HiE D
— 5T, FEIFIEFITENE W FER L REN TS (e, Lebretonetal., 2009). 7~ H & DA EEL
ARETNTIHEM LT RWD, JERBINO T ~ B2 55 BEOFER OEFE I 127~2269 C
m2 O#iFH TdH 7. Hasegawa et al. (2007) THE Iz 7 v EDAEER L T 5 & AT E BB O F 57
REWZ ENRET VORI RSN, £, W THOWMFREESGNICE W T RIROAFEICKT LT
JEABHIEIEIC KD EPEOF LGN DI N2 ERm BTV 5 (e.g., Murray & Wetzel, 1987 ; Lebreton et
al., 2009). 7~ EHN TOEAMMEHOFM OEPEREIL 150~200g C m2fRETH Y, KET /L THIH
BOBBPNRENT., TEHNTERIIELARTT v ETEHAERIC LD ROBENEL DL HLOD, KEN
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15 mAiffc & kW20, EAEMMBEHOAEN XX B TWD. RET /LTI ~EOAYEITEINE
(Yoonetal., 2011) Z /A LiRiB% S LT TWA. (EBEOFEIC LY 7~ EOJBREITK
BT D EnNImBEN TS & & HIT (Sand-Jensen, 1977 ; Sand-Jensen & Borum, 1984), & S 1kic
KL TET LY SAERENEFTHSL &SN TWD (e.g., McGlathery et al., 2007). ED7-®, fF
BHWHEHE T~ B LD BIROBABIGREET MCHAAL Z L NS HBOBETH 5.

Duarte & Chiscano (1999) (%, ¥EEEEIGIIHER | Che & AEPEN R AERERO—D2 & LTHEIT LN D L
LTWo., 7vEHTET EICMAT, MW7 707 o, (BB, EABMBIEIC L2408 b
PTERVWETHDLIZENRET MICEI D RINT. T, BORBHE LV o L&A K- THENE
CTWa Z ebRan, EAERRL, £ U CREZER & OMANEN ORI RS54 78R O 4 pE
REEDEIC R R Th D, £, TNETET~ELHO—RAEENICER LTEX 7R, 7TvEHRE
7o & & U COKBEN O EAROIRFUZ L D HHDOWARC, H TR OFEFIT K 5 R OB il
SN TW% (Wardetal., 1984 ; de Boer, 2007 ; Hasegawa et al., 2008 ; Kombiadou et al., 2014) . A€ /L C
IXRBHOMERICEH L, WEREOFENER LY » OWENEBRICE 2 2850 L=, HEh
NDOEBIZONWTHEKRET WAL Z ERVETHD.

5. 5 EBREEFOSHMEALL-LTHER
FREEBHEDHIF]

IR FEECITRER L IEAEROBENE TH Y, HREW) O ORBEIADIEH RN OWEIEERIZKE
et EERI- L TCWD 2 ENH D (e.g., Nixon, 1981). & 2 T, FEREAEMER OIFE & REEORHEDOR
fRIZHE H L7z (Table 35.5-1) . JEAMGHIBIHDAFAEIZ K 0 HEFREY) — KD REIR 7 7 v 7 APMES R H
NTWNDZ ENFE#HESN TS (Sundbéck et al., 1991 ; Rysgaard et al., 1995 ; Bartoli et al., 2003). — 5T
WORER & LC, Blackford (2002) 1Z4ERERET /M K 2T D, IEAMMEIEO A TEIZ L 2 HERE
53 NHs & POy OFEMORHEEOE TN E Do T2 EIRRTN D, RET VT, JEABSEEOFE
ZEBRE LD > 72358, NHy OAER] DU 5732 R TUIA 35%, &1 Tl &3 25%Hn L 7-.
ZOZEND, EAMMBEEED A I X > THREW IO KEA~OREBEDO 7 7 v 7 ARERIMA B
TWALZ Ennnd.

JEAMHRIFEEOFEIC L VKO 77 > 7 b USRI TE DRBEHENFIRS L TWS Z L2k
O, THCKoTHEWM T 77 FOAERPIHISNTWD. T~EDOEFITILBI 2 ICEREN R AR
THHN (Olesen, 1996 ; “Flil 55, 2001 ; K& 5, 2002), #7727 kv BEIFAKEOKROBEIZKE 7
WL G2 5, EABMEBENAHEZIZ S Z L TV <EICE > TREARBENER SND 2
el A
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o “HEHOENIR

BT AOFRERNGIIT VY OFFEHRE L THEY 7T 7 b2 T, BRE L2 EAREE D
HETHLZ emashie (Fig.34.3-1). KAMMBHORERELZ BE L1758, 71U Ok
HEIIREIET L, 202 b, TR - MEIERIC W TREARMBIEOFAEN T Y U DR
ZRESHZZATWDZENGND. ZOFRERIE, 7 U OEENEY OMREERL E RN I X
S ORISR L U COERARIRHEO EEM: (D, 1992 ; Kasim & Mukai, 2006 ; Komorita et al.,
2014) LHETD.
ETIVOFEERNBIE, JEETN TEIE STV D~ T I DU T 25 S B OV A= O e ke
DEWD DTG DR N T LR ENTZ, IRARMBEIEICINA T, 7TEDOREKLIZAELTWD
PO SRS A RO REEHR & LT ICHRET 2 Z L AENERICIVRIES N TR Y (b, 2009),
KBRS T O A ESEERO AN FER R & 2o TW D ABEMRIT H B A b s, T, R
F - BREZERNIRLE (818C - §1°N) %2 HW\ =~ H ORI 8 & AT TEBY (e, Riera&
Richard, 1996 ; Decottignies et al., 2007 ; Marchais et al., 2013), ARV T H Z O FIEIC K B EHEHR
DHEERIR & DN EEND.

o HMAES

PRI & 2 JERE AR pE B2 DT, ik & O Ll % Table 3.5.5-2 (27”9, [Al— DRI 31T 24k
DIEEEPFEF I L DAEEEOWREITR OGN TSN, AEEOBLRICE 28 EFIIHETICE > TR S
ZEMNR I MM 2D . Kennish (2002) 13454 ZeRKIBIZ 35 1T D 45 FERE AR PERT 1T L 2 AR [ D AR AL pE 5 A K
L, M~ b id5~530gCm2yrt (E#)2509C m2yrt), JEAMAHSEEEIL 25~250g C m2yrt
THAA L TV S8 LTWb. £72, Cloernetal. (2014) HiNFEICBIT 207 Z 7 kv DER O
LR A PE R Z OV T-105~1890 g C m2yrt (¥ 252 gCm2yrt) LHEPR L 7o, AN TORRE & it
WI D&, MW7 707 N OEERITEDOIMEL Y bIE-72b 00, EAEMMBEIEILT ~EHN
TH%ETHY, TH VRGN TIIEWVETH 7o, AR TIIMIEEBEEOEERED I RENT LR
IRINTED, T EBHIZBIT DA E RO EENEICET 2 WmEIIERICZ Lz (eg., Hasegawa et al.,
2007), Z 2 CHROLNIMEOKRAEIRECH 7. TYELEBE Lol X, MW7 77 ~oD
AEFERIIRE M (K 2.04%), EABMBEOAERITETHEML (1245, BHEESEToE
FERIIFEE TH -7 (Fig.355-1). ZHIZT ~EHHOLEMAPER (Hasegawa et al., 2007) % & &9
DL, TYELOME ((EEEORL) (X o TRBEANOEWIEAEERDSHERFF S TVWD 2 LR
G3IN%.
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Table 3.4.4-1. Annual (April to December) nutrient flux in Akkeshi Lake and Akkeshi Bay simulated by the model

Processes Nutrient flux (ton N year™)
Akkeshi Lake Akkeshi Bay

Photosynthesis by phytoplankton -1346 -7873
Photosynthesis by eelgrass -4360 0
Photosynthesis by epiphyte -2853 0
Respiration by phytoplankton 95 1980
Respiration by eelgrass 974 0
Respiration by epiphyte 621 0
Excretion by zooplankton 90 1237
Excretion by oyster 218 4
Mineralization of DON 3294 11198
Mineralization of PON 500 1011
Release from sediment 642 823
Supply from rivers 270 0
Inflow from bay to lake -182 182

Table 3.5.1-1. Comparison of the limitation indices (minimum-maximum) for photosynthesis by nutrient
concentration (left panel) and light intensity of phytoplankton and microphytobenthos at AL2 (lake-center in
eelgrass bed) under presence of vegetation and absence of vegetation from April to December. The model results
are expressed as daily mean values. A limitation index of 1.0 indicates no limitation by the resource (light or
nutrient). The values for phytoplankton and microphytobenthos are expressed as average of all layers in the water

column and topmost layer in the sediment, respectively.

Component Factor Presence of vegetation Absence of vegetation

Phytoplankton Light 0.08 - 0.64 (Ave. 0.45) 0.08 - 0.64 (Ave. 0.45)
Nutrient  0.47 - 0.86 (Ave. 0.70) 0.75 - 0.94 (Ave. 0.87)

Microphytobenthos Light 0.12 - 0.64 (Ave. 0.49) 0.13 - 0.64 (Ave. 0.50)
Nutrient  0.38 - 0.96 (Ave. 0.74) 0.41 - 0.96 (Ave. 0.73)

Table 3.5.5-1. Variation in the annual ammonium flux released from sediment in Akkeshi Lake and Akkeshi Bay

under standard and without microphytobenthos cases simulated by the model

Calculation scenario NH,; release from sediment (ton N year™)
Akkeshi Lake Akkeshi Bay

Standard 679 828

Without microphytobenthos 840 1064
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Table 3.5.5-2. Comparison of annual primary production (g C m year) by microalgae (phytoplankton PHY,
epiphyte EPI, and microphytobenthos MPB) and eelgrass (EEL) for several lagoons and estuaries. Simulated values

are spatial mean.

Study sites Primary  Annual Methods References
producer production
Akkeshi Lake, Hokkaido, Japan PHY 34"  Simulation This study
EEL 2587 0O, Hasegawa et al. (2007)
EPI 166 ©  Simulation This study
EPI 349 0O, Hasegawa et al. (2007)
MPB ! 189 ©  Simulation This study
MPB 2 412 *  Simulation  This study
Akkeshi Bay, Hokkaido, Japan PHY 59 *  Simulation This study
PHY 146 e Taguchi et al. (1977)
MPB 20  Simulation This study
Seto Inland Sea, Japan PHY 218 Bc Tada et al. (1998)
MPB 434 0, Montani et al. (2003)
Potter Pond, Rhode Island, USA PHY 120 0, Nowicki & Nixon (1985)
EEL 200 0, Nowicki & Nixon (1985)
Boston Harbour, USA PHY 305-525 e Keller et al. (2001)
MPB 250 Y Gould & Gallagher (1990)
Sylt-Remg Bight, Germany and Denmark PHY 43 Unknown  Asmus & Asmus (2000)
EEL 258 Unknown  Asmus & Asmus (2000)
MPB 347 Unknown  Asmus & Asmus (2000)

*: from April to December, **: from April to November
1: except in clamfishery ground, 2: in clam fishery ground
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Fig. 3.1.2-1. Schematic view focusing on primary producer diversity in intertidal flat and tidal estuary (a), eelgrass

bed (b) and offshore deep subtidal zone (c).
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Fig. 3.2-1. Study area and sampling station (AB8 of Akkeshi Bay, AL1, AL2, Stn A and Stn B of Akkeshi Lake) for

model validation and comparison.

Discharge Water temperature
River loading | Temperawre |  Hydrodynamics model | Salnity Open ocean sub-model
sub-model (Princeton Ocean Model) N ( FRA-ROMS )
Advection Temperature
Nutrient loading Diffusion Current speed
Organic matter loading Temperature
Ecosystem model
Water/Plankton Sediment/Benthos
sub-model sub-model

taking into account interaction
————————— not taking into account interaction

Fig. 3.3-1. Structure of the three-dimensional physical-ecosystem coupled model.
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Fig. 3.3.3-1 Calculation procedure of the hydrodynamic-ecosystem coupled model.
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Fig. 3.4.1-1. Modelled (solid line) and observed (square) surface water temperature (a) and salinity (b) at AB8 (left

panel), AL1 (middle panel), and AL2 (right panel) from April 2014 to December 2014. The model results are

hourly output.
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Fig. 3.4.1-2. Modelled (solid line) and observed (square) surface nitrate (a), ammonium (b), phosphate (c) and

Chl-a concentrations (d) at AB8 (left panel), AL1 (middle panel), and AL2 (right panel) from April 2014 to

December 2014. The model results are expressed as daily mean values.
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Fig. 3.4.1-3. Modelled (solid line) and observed (square) top-most (0-2 cm) nitrate+nitrite, ammonium, and
phosphate concentrations in porewater at AL2 (lake-center in eelgrass bed) from April 2014 to December 2014. The

model results are expressed as daily mean values.

Stn B Sediment Chl-g (mg m™?) AL2 Sediment Chl-¢ (mg m2)
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Fig. 3.4.1-4. Modelled (solid line) and observed (square) sediment Chl-a standing stock at Stn B in clam fishery
ground (a) and AL2 in eelgrass bed (b) of Akkeshi Lake from April 2014 to December 2014. The model results are

expressed as daily mean values. Observed data were mean values (n=3-5) and error bars represent +1 SD.

Epiphyte (mg Chl-a m2)

A MJ J A 8 O N D

Fig. 3.4.1-5. Modelled (solid line) and observed (square) epiphyte biomass at AL2 (lake-center in eelgrass beds) of
Akkeshi Lake from April to December. The model results are expressed as daily mean values. Observed data was

cited from Yoon et al. (2011).
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Fig. 3.4.2-1. Horizontal distribution of surface NOs (a), NHa (b), PO4 (c), and Chl-a (d) concentrations (umol L
for nutrients and pg L™ for Chl-a) in April, August, and December simulated by the model. Model results are

expressed as monthly mean values.
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Fig. 3.4.2-2. Horizontal distribution of phytoplankton PHY + resuspended microphytobenthos SBA (a), epiphyte
EPI (b), and microphytobenthos MPB (c) biomass (mg Chl-a m2) in April, August, and December simulated by the

model. Model results are expressed as monthly mean values.
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Fig. 3.4.2-3. Horizontal distribution of phytoplankton PHY + resuspended microphytobenthos SBA (a), epiphyte

i

EPI (b), and microphytobenthos MPB (c) production (g C m day) in April, August, and December simulated by

the model. Model results are expressed as monthly mean values.
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Fig. 3.4.2-4. Horizontal distribution of annual (April to December) total microalgal (phytoplankton PHY, epiphyte

EPI, and microphytobenthos MPB) production (g C m yr?) simulated by the model.
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Fig. 3.4.2-5. Seasonal variation of microalgae primary production by each primary producer (phytoplankton PHY,

epiphyte EPI, and microphytobenthos MPB) at AB8 (bay-center) of Akkeshi Bay, St. B (lake-mouth in clam fishery

grounds) and AL2 (lake-center in eelgrass beds) of Akkeshi Lake from April to December simulated by the model.

Model results are expressed as monthly mean values.
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Fig. 3.4.2-6. Seasonal variation of contribution ratio by each primary producer (phytoplankton PHY, epiphyte EPI,

and microphytobenthos MPB) to total microalgal production in Akkeshi Lake (left panel) and Akkeshi Bay (right

panel) from April to December simulated by the model. Model results are expressed as monthly mean values.
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Fig. 3.4.2-7. Time-dependent characteristics of the limitation indices for photosynthesis by light intensity and
nutrient concentration of phytoplankton PHY (left panel) and microphytobenthos MPB (right panel) at AL2 (in the
eelgrass bed) from April to December. The model results are expressed as daily mean values. A limitation index of
1.0 indicates no limitation by the resource (light or nutrient). The values for phytoplankton and microphytobenthos

are expressed as average of all layers in the water column and topmost layer in the sediment, respectively.
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Fig. 3.4.2-8. Time-dependent characteristics of the limitation indices for photosynthesis by light intensity and
nutrient concentration of phytoplankton PHY (left panel) and microphytobenthos MPB (right panel) at Stn B (in the
clam fishery ground) from April to December. The model results are expressed as daily mean values. A limitation
index of 1.0 indicates no limitation by the resource (light or nutrient). The values for phytoplankton and
microphytobenthos are expressed as average of all layers in the water column and topmost layer in the sediment,

respectively.
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Fig. 3.4.3-1. Seasonal variation of food (phytoplankton PHY and resuspended microphytobenthos SBA)
composition of the clam calculated with the ecosystem model at Stn A (lake-center; left panel) and Stn B
(lake-mouth; right panel) of Akkeshi Lake from April to December simulated by the model. Model results are

expressed as monthly mean values.
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Fig. 3.4.3-2. Seasonal variation of food (organic matter derived from phytoplankton PHY, epiphyte EPI, and
microphytobenthos MPB) composition of the oyster calculated with the ecosystem model at AB8 (bay-center; left
panel) of Akkeshi Bay and AL5 (lake-back; right panel) of Akkeshi Lake from April to December simulated by the

model. Model results are expressed as monthly mean values.
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Fig. 3.5.5-1. Comparison of annual (April to December) primary production by microalgae (phytoplankton PHY,
epiphyte EPI, and microphytobenthos MPB) under the presence of vegetation (PV) and the absence of vegetation
(AV) in Akkeshi Lake simulated by the model.
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F4E BEETILZAWVEEERN - BEREICE1TD<HX (Crassostreagigas) DFE & FDMETE
RICR =9 &AM
4. 1 [FCHIC
4. 1. 1 AXBRBEOBRKEAFORREET IV

~ 7% (Crassostreagigas) # (XU &3 20 FHIFHRADOL L oMz W CEERBEELEO—
TH D5 (http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en). ~ 77 DjfafE g% 1950 5
1980 FARA% AT AT TREITHIIN L, AT 60 5 b (MIHBIE B EHR) Al THERE L <\ % (Fig.
41.1-1). —J5, BAENTOD FEOEM L, 2000 FLARE LA EINCH 2 B DD, 16 J7 b ~23
7Ry BT S MEEHRE) OMTHE L T2 (Fig. 4.1.1-2).

NI TR SN D Z E RSV HHITIERAMED K EETH Y, EOIEIEFES) (Smaal & Zurburg,
1997) SCHEIHI L - B OE A (Smaal & Zurburg, 1997 ; Mazouni, 2004), BEilit4 O HEFE biodeposition

(Haven & Morales-Alamo, 1966 ; Hayakawa et al., 2001) (2 & Y WEMEERIC K& e BE2 5 2 T 5.

INET, HMEBEORETT VOIS & LT Scope For Growth (SFG ; Bayne, 1976) <> Dynamic Energy
Budget (DEB ; Kooijman, 1986) I HAL T\ 5. A FXHEHOMETT /VIL, Powell etal. (1992), Kobayashi
etal. (1997), Renand Ross (2001), Pouvreau et al. (2006) 72 2 X » THE ST 5 (Table 4.1.1-1).
Pouvreau et al. (2006) %~ 7 > AVEERD Arcachon Bay O~ H X IZxf L CREET V2w L, B7p 2 s
THRONTCREEERFR—DNT A= L Y RREE LD A I 72 BB TE I L2 fd L
7=. F7-, Gangneryetal. (2011) X7 7 > AFMEBIZALIE T % Thau Lagoon (233 TH7ZR 5 HFIETRIES 1L
TWHLYAFZRGE L, MEHEOHBL 2RI, ZORE, (HEHE%Z Chl-a lRE & L25a I 3mEiE
MELS, BREREAHEY) (POM) O MEERHEOFIE S LTHE LW 2Lz, Lo bik~7z L)
A FHITRFROWERRICREREEL L5250, ThHETREINTELEZLOAFHEICHETHE
TV TIIARREDBUEN O —BRICEZ 6272 &, Mk EMEMREPHAMICRIL STV RN
ENFEEALETH-Tz (Tabled.1.1-1).

4. 1. 2 FEBOHBE

JZ TR 31.8 km2, FHEIZKIE 1.5 m O HIERTUKITH 2. RO FERIIENE 500 m 13 £ DBk
B CIRFEA~EORP > TS, JEFEBITIRELHE L TR Y, ORI 12 km, L 102.6 km?
Ths. BEFEHOMARINE, WOAEVEE2 HHRAT 2B R HE b RE V. BRI R
~%E (Zosteramarina) 73341 L T\ 5. AFIIFEEHO AR T 5. ERATIZRIT 2 2013 4ED
FOUEERIT 155 b (D HEEME), KGRI S8EMHTHY
(http://www.hro.or.jp/list/fisheries/marine/h3mfcd0000000ge0.html), #EDEFELEHDO—>TH D (Fig.
4.12-1). HFBIIEFMNOIZERE L EEEO—H TITbh T\ 5. ERETON XL (RS

HI
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) & Ty — RG] ICRE S SHSh, BEEOKFIFBEMICLDbOTHS. FEIT
B 4 HEICEICEIR D DI SN T 1~2 EFR S %, A 64 L THITORIEICY) Y 4
ABND. TOK, JEFHHRETOEIN - ik, ERFE~BESETOF AV et 82k THm S h
5. BHEY A 7 WL 2~3 - THMIZIZIEEFATLI TN D
(http://www.hro.or.jp/list/fisheries/marine/o7ulkr000000crzy.html) .

4. 1. 3 HHW

BREBEUA T 1 3Rt 72 BRSO A IR ORI BT Dfamic B W Tl L R DS TH D, IHFIRTO
I CIIRBENAE N 2 M E A 2B BB R AR CTH Y, FRHTHSO—RAEREINURIFT 2 T O MG A 5l
Th D M EFERIEICE L CREINA ) O /A 1T 2019803 8% <7 T& 7= (eg., Bacheretal,
1998 ; Smaal et al., 1998 ; Aure etal., 2007). = OFS, EREROE(LE RARMIZFIE CTE D ARRRET LN
b s Z En%L, EERY—/LE LTHELTWD.

IHE CTEEAE VEREITIIN < OPOAERERET AR EH SN TE (69, RPN 5, 2003; KEDH,
2006; Yoon etal., 2011, 2013). LRl ERERET LV OMMER L LTHINEENTWVDLA, IFEHD
MEIIBEINTI o7, ARERET AV E AN T  KEHEORKESEME GRENAN) #HREL D
FCREETAOBEAIIARARTH Y, BEZLICHT HAERROINE i+ 272012 3kcDARE
FRET VAT FORREET NV EMIATL Z EITEERRETHD.

Z 2 TABE T, BIIFHA K O ORERICESW TR SN AERRRET VICLY, 1) Bk
VREBBIZBITI D HXORERT XY VEiHiliT 5, 2) ~HXDBWERERICES 2 208 % 7 HE
5, 3) YHAXOBRBINAENEZHEST D, ZE&xAME L.

4. 2 BHAE

4. 2. 1 BHAEOHX

o REHm - RAEBHIRE

REFRA D723 O TE J % JEFHINIC 145 (AL5:43°03.5° N 144°54.1° E), EEEWNIC 1 4% (AB8: 43°00.0°
N 144°48.5 E) Zh k@& L=, £/o, ZNHOHSIZITHE LI FOE =4 Y v FHS & BN
1% (OL:43°03.7" N 144°54.4° E), JE#BNIZ 15 (OB :43°00.3" N 144°48.6'E) “h £l L7- (Fig.
421-1). 728, FHEFRFOKEIL ABS T 14.0~149m, AL5 TO0.7~13m O&FPH TH 7. IFDE=H
Vo 7# BRO HfE% Table 4.2.1-1 127”3

o WEHE
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T FRRBRICH D 7 013 2014 45 5 A FANCIREEE D DEEA LTo. 7280 13, FHEICHE L7z b o (LA
%, LAEREEMES) &, BEREMATRLIC LFEU RE#E TSN AOHA SN b0 FEFELFES) O 2 F#
a2 ME Uiz, B FBMAE CTHRifElE KPR BRI O 0T it LK CTEREE L, 5 H TNLEETO
AR ZG L. BTG OBBLZ 200A%, 6 PHZIZENZNHE 2B L 72 (Table
4.2.1-1). I+, fAHFEEIC/KIE 2 Z— (HOBO Pendant, Onset Computer #:54) Z%EL, 570b L<IX

Sy TR C/KIR Z2 HlE L7z,

KEDEMRAIL 2014 -4 AN D 12 AIZHT CTHEARRICA 1 EIER L. KR, W, BE, BfF
BRI T2 B AKEEE (ASTD102, JFE 7 RN 7w 7 #E8Y) & VT 2> S E T 0.1 m ff# T
HE LTz, WKEUEHIM B oY 2 AW TRIBAKZ BRI L 72, BRI L 72 KEUBHI T £ T ©
RAFLTZ.

o MW - HITAHE

UL U 7= 1352 B 0 BrE, 2000 LK C—BKET L7-1%, &fEEESE (FW: wet weight
including shell) , #R{AHESIEE £ (WW : flesh wet weight), #RIAEEZEE (DW : flesh dry weight) % JII7E L
7o WU o R A 2 R HA S EIE L=, E£ 72, Condition index (CI) Z LA Fo=Ruc kv &
L7, ZOMIERBE S WCERER B OFEIE &£ 725 (Chavez-Villalba et al., 2010) .

B Fleshdryweight><
Shellweight

1000

Mgk E 2 GFIF 7 4 L% — (Whatman £E8d) _EICigiEHE L, 8kE 2 A F LR L7 I F (DMF)
WIRICRH S aFEoR A7, R (10-AU, Turner Designs £:82) (2 X W chlorophyll a (Chl-a)
B A JIE L7z (Suzuki & Ishimaru, 1990). F£7z, TOEEZNE L7z GFIF 7 ¢ L& — Y 2 it

L, WRHIRR ICEREZBENE L, HEEENOBEY (SS) REZHIE L.

R « ERLERNMARLIT~ T %, BREERAHEY (POM), (AR ANEGSRLE Uiz, tRELLZT F
VXTEIETEAKIC —BAE L, € ORETZ B B UM Lz, %A, WEHERSE, BARRICE
DIBLIRE, ZumTrbb  XAZ 7 —/0 (2:1) WRZMATHAEL, FBERGZRIEZ. 2k,
~ I F T LEROBKLORELEVIE LS OZ LIk L LTIV -7, WAKEE% 4500C TT 9
SREMUEE L7 GFIF 7 (v 2 — RICIRHEE L7z, R A, 7 4 V¥ —ZBRSRoiR%, HCl kK2 —BAH
KRLTT A F— EOBBREIR R & IR & U ChRE L7c. BURMRILIERZIL, BRRORICELET v 7 —
Z—HTNaOH &> U 7 & &Iz 3MEMMAE Lo, RMARENT (BF) HEREFOFERTIC T, Jok
SrpTaEiE (FlashEAL1112, Thermo Finnigan #1:84) & &453#75F (DELTAplus Advantage, Thermo Finnigan
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HED) BB F L TA U AT A& VT, 813C & 8N ZHIE Lz, MM ICIE, R¥EIC V-PDB
(Vienna Pee Dee Belemnite), ZEH I KRTZEZE N R Z -, 88C & 8N & & I ICEBRFEE I1X£0.2% CTdh
5. BERNKRIZULTORX N SHEH L

X = [(Rsample / Rreferenoe )_1]X 10°

ZIZT, XIEBCHLIEBN, RIZBCAC H LKIZENMAN Th D, £z, ~HFITHONWT, #ELE
AR 2y AR L= 6 0 % CHNS Analyzer (NA-1500NC, Fisons #18) % FCoIKESRZE RS 720 O

BHFEROEHOEHRE I L.

4. 2. 2 DFEAEOHER

e KH

EWFAAIC X 2K EOFHIZ % Fig. 42.2-1 12777, KiIZ 4 A5 9 AT TILAB8 (BHh) &
T ALS (HH) CTRK TR 8C m < #fE L7z, 10 ALY, 23 hE Vb oo AB8 LV H ALS T
B T o7z, #5313 AL & AB8 Tl RE <5720, ALS T3 20.2 725 28.1, AB8 Tl% 28.1 725 32.6
DM THER LT, IEARRIREIImHAR & H1om <, ARSI E L KTT L 5 amEKks (1,
2004) IR SN 7R o072, Chl-aEEEIL4 AN S 8 AICHT TIX AB8 LV & ALS THEidro7-. AB8 T
FRFLHEBICE—7 BARLNT.

EHELIRNC X D KIROHES & Fig. 4.2.2-2 1279, 5 A5 9 H BANCHNT T OB & H_T OL Dk
ERIEICm -7, —77, 10 A LRI OL O J7 300Ky VKGR THER L7z

® NXDMEK - KL

B RBROM R % Fig. 4.2.2-3 [TR 7. ikl E EHE & AT E & CIIMUARH TR 2Em A2 b7z,
AT S EE THISE, MR L bICE THHAEOICONTERIIRE S Rotz. IFTHERT
HleSrd, VEREE 1 EIH ORIFHIZEFEH O BN EENE TR b 00, 2 B H ORI (3
DM Th o7z, 2F8EE, 1EHOERHICIXIZ & A EERH LMD 5T, 2 [BIH ORI ITE
FE O 7 XK E R L Qe 2 OEBIIERE TR S s no iz,

Condition Index (CI : Chavez-Villalba et al., 2010) OHERE % Fig. 4.2.2-4 |Z/RkT. HZED Cl X HS TR
BEMMETH>T-bDO, 11 ADCHIKE < HRY OL THEF LI TEAREHEAS L, OB Tk
HELFABETH-T.

WROAES iz B A & AT L, A S IR E R OBIfR & Fig. 4.2.2-5 (27~ 7. Excel (280 IR (BT
L) ZRKw, TTFTAVHONAT A =L EHFF LT,
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R RALIRLL
[R5 - EHRLEFNLAL (S13C - §1°N) DfEFL% Table 4.2.2-1 |Z/~59". POM O §13C fil i i, Z=EiH]
B2 v, HFEIEFEMEL Y BERENTERS, KFETWIIRRCRP o7z, v ¥ 58
fEY POM & [FIREDIRFZEMZE 2 m LTz, SN ETHA S &, W& bITERE LY R TRV EE

Iy
|.

4. 3 HEETIL
4. 3. 1 ETILOBE

ARTETIE, Jed 3T TR UL 3IRTEWEL - ARRRMESETT LONT, WXICHTHEMEEREDSE
WRETS., ZHECARBIRICEH SN TE7AERBRET L (eg. AP 5, 2003 ; K5, 2006 ; Yoon etal.,
2011) TIEAFOAEMEIT—EDMEICEE SN, IWFAFORRIIBE SN TR, £D7D, T¥x
DN ODOERIT T, IMEBIUHEICOWTHEZITHY Z L& L.

i FERED 7 2 ORRIAHELHL B & Flesh dry weight (DWiy ; g DWind.Y) DBRIZE{L (g DW ind. ! day?) (Z[7]
{b. & Assimilation, W% Respiration, FEJFE: Reproduction 7> 53R 5305 (Fig. 4.3.1-1). 728, #UAER
15 5 & Flesh wet weight (WWiy ; g WW ind. ) 35 3L OV () & 18 8 & Wet weight (FWiy ; g FWind. 1) (kK
HRLE RSB LT,

dDW,

= Assimilation — Respiration — Reproductbn

HZFBEOXELL FIRT. £/2, KPP THWEZ/RT A —% % Table 4.3.1-1 2R,

® jEK
P8 FR (Lday?ind.?) 1%, Bougrier etal. (1995) X W /KiE T (°C), #kiA# iz EE DW (g DW ind. %)
O E LT TFoRICTHEB L.

FR = f,(T)x 4.825x DW%*¥ x 24

4.825 — {0.013 x (T —19.0)* }
4825

f.(T)=
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2, (T XIEAKICBET KRB TH Y, KA 19.00C DL XITHRAEL &2 L DBEBIETHD. A
B, &0 FHOIEAKEEIZ G- 2 D52 B0 #HE S T4 25 (Mannetal., 1991 ; Kobayashi et al.,
1997 ; Wang et al., 2008), AFFEIK Ci3Hi/7 7% 20 (Kobayashi etal., 1997) % FRI5 Z LT E A E W
0, ORI

e [t
A& (gDWind.tday!) (ZLLFOXHROHND.

Assimilation = ¢ - Ingestion

Ingestion= FR - Food - Ry, -10°°

ZIT, s lXEMEER (BERST), FRITIEAKSEE (Lind.tday?!), Food 3% &ICHE L7-EHEE (umol
N L), Rawn [ FEAEHEE - ERE A ZHERE (DWmoINY) TH5. B F OEPEHZ ST Fig.
4312 DEHITREL, HEROMEHEAZE L TV D RBEET VORETH L. s, T OERE
VIR SR - B HRLE FNAR L DORE RITEES DTV D L AR, IR I CHUAE U 72 AFR EE POCroo (Mg C m®)

ZHWTHRS (2003) LWL TFoORICTEHB L.

Qloys = 200/(200 +POC 1y, )

® [
I £ Respiration (g DW ind.? day) (% Kobayashi etal. (1997) T/RE 7= H FORBIEEENOLLT

DOHUT LV KDz,
Respiration = (69.7 +12.6-T)- DW*™ - 24 - Ry,

Z Z T, Rawoz 1% Kobayashi et al. (1997) O Hyun et al. (2001) 7>5 % U 7 #RIKHT ML B & - a2 &
B (@DWul 0Y) THS.

o EN
~ XL PEINRFI B & — ISR L, AFERIIR O R E A WS KR & B2 R> 2 &
BTN D, FEJRKIEIE 10°C TH Y, FEEIKIRAY 600°C FREE (272 5 L FESR « BUEREIO B & Shvd
CEJR - /MR, 1995). F7=, FEEIIAFHFE S5 DIF/KIEA 20°C LL L (Pouvreau et al., 2006), 23°C LA
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I (Kobayashi etal., 1997) & O#HERHDH. ZNOHOMRAEZSEIL, WEET LV CHAEINEZEAZY v
RIZHT R KIEA 600°C (23 L, A 2/KIEAS 23°C LU EIC7e - 7= BRIZEEDN « Fioks 2 X 2 IR E D 034
C%& L7=. PFEJPE: Reproduction (g DW ind.tday?) (ZLLFOXNHRD HND.

Reproducton=y,, - DW

T T, yoys [XPEIN - BRI L DIRERAE (dayt) THY, A4S (2003) 6L TFORICL W EHL
7=,

14.978 x log o (\WW ) +10.11
Fo = 100

| FERED 71 % OFEFE Densityiy (ind. m?2) ORFEZA(L (ind. m2 day?) (356 1° & Mortality, 7% & Harvest,

i v ¢ A& Seeding 22 HLA N DO L 9 IZHEH L7z,

dDensity, . .
—a —Mortality — Harvest+ Seeding

e L
SE1C & Mortality (ind. m2 day?) 137 %0 BRI H Nmoryys (day?) ZHWTLLFOXNDHEH L7z,

Mortality= Nmor, - Density;,

o Ak
& Harvest (ind. m2day?) (ZLLFOXDHE M L.

Catchy,

Harvest=
Www

I’eaoys * iy

Z 2T, Catchoys ITHRIAHE B & CHR SN2 ERICH T 5 HIERfERE (QWW dayt), Areaoys |La85H fifE
(m?) TH%. FHHEAEIZ Yoon etal. (2011) T/R S V7oAl D FE M Uz, I8 &3t E ST S of
e (U o3y MEEE) D AF LT,
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o EHEZA
I UDIZ, BRATICRT 2k S E & CK I~ U 5 OFERH] &
(http://www.hro.or.jp/list/fisheries/marine/h3mfcd0000000ge0.html) & i1 X (AT & EET60g &
BE) 22D 3EREOIEMRE A AR, Ak BRFETRNS LEFOEBREHE L. £0%, #
JHEFE ChR9 2 2 & CHALmATS 720 OffE (L4ER) OARE (ind. m2day?) ZHHI L.

o HRERRETILADHEAAH
ARRRETATIHIERBLOY VOFERE FEICMO P> THDD, TXBENLOMEERICEEL G2

LEF L LTER, MO, REmodtEr»Z2 T o5 (Fig.43.1-1). U FIZHT 2 ERE
BRIZOWT, 077 v 7 ZAOHMNZ mmolNm2dayl &35 L FO L ITRDEND.

- HEW T T 7 b PHY (umol N L) o4 (mmol N m?2day?)

3

Z Fr, x PHY x Density;,

iy=1

- FRIRRR U7 ARG EEE SBA (umol N LY oA (mmol N m2 day?)

3
z Fr,, x SBAx Density;,

iy=1

- BRRREATEZEFE PON (umol N L) ofE & (mmol N m2 day?)

3
D _Fr,, x PON x Density;,
iy=1

« 7% =7 NHs (umol N L) OHEH (mmol N m2day?)

3
D Respiration;, x R, x Density;, <102
iy=1

- B A %3 PON (umol N LY @4k (mmol N m2 day?)
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3
> Ingestion, x (i- aoys)x Rpaw X Density;, x107°
iy=1

ZIT, FrlX i FEREO I X OPEAKEE (Lday?tind.t), Densityiy 3 i £#EDZE (ind. m?2), Respirationyy
X0 FERED 7 - O (g DW dayt ind. ™), Ruow [ZERIRERHZ & - 3R G A ®HHEIREL (9 DW mol N1,
Ingestioniy | % i fFRED B X DERE (DWW daylind. ), aos (XFEEHE (HKTT) THD.

4. 3. 2 ETLOHESEHK
o MHAKH

AT 5 0 F OFRFEMIMIL 2~3 FRE TH Y (AEELR AT TR |
https://www.hro.or.jp/list/fisheries/marine/o7u1kr000000crzy.html), €5 /L Cldh 1% 1 4-8F (1st year-class)
~34ERE (3rd year-class) F£ TOFAET D LARE LTz, BEREOYHIY A X131 4825 0.03g DW ind.?, 2
FEREN 259 DWind. L, 34EREA5.0gDWind. L & L7, 728, 1 EREOBERERIIFERICIE LI EERD
BIELSHEH LI b DO TH D, RIS LI E AR, RImE, e, ARECRNLHEE L.

o HEZH

HAEEOHEMMIZ4A 1 B2 12 AL BETE L, UIFTOFMTIFMEY K LFHEEATTo7-
RZEDH X ORERDRICET HERBE LN R o722, BUHEEOHFEKTH (12 A31H) OUF
OEREEY, BFEA4H L HORBEOMIESE L=, ©DF 0, VEFOHBEK TREOEREIZEFED 2 FFEOH)
W, 2 FREOFHRE TREOREITBED SEHOWMHEL /25, Z 2T, 1EFHOKREL LOKEHO
FEPEIX Table 4.3.2-1 O&MECT—EE L.

ET IV ETOEREELFig. 4.3.2-2 DX D IZEE L2 LAERHIE S AR LIEGICEASNS & L.
FTo, AFOREICET LT =2 BN GELNRroTclc), 1~3 HOMIZEENEL LW ERE L. 1
FREO 12 A 31 AR TOERZ FED 2 FFOMME, FERIC 2450 12 A 31 HEF R TOHREAEH
O ZEREOMBIE L Uiz, VAEROBKEREROMBIEIE, BHE25 0.030gDWind 1L L. N
AT, ARAEE 2 BIG TR L VGO BIME & i 5720, 51 23 BB iEEE e
41 0.030 g DW ind.%, 1.508 g DWind.? & L7=fEARDF R Z & T1To 72, 2 b OERITMh O b2
RIITEBEE G2 0D L L.

N FOJMBIIMETEENT, FETAD T Y v REER D BEITHE LTz ((H#k Fig. B-1).

o HELFUL
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IRDIZ, 2014 FEDORG - RS CHNFEZITo 7. HWT, IXO®ME (HEKRAE) % 25~
400% D TR L S, FHEOEIC LD DX ER (AEE) CKEE~OFELF MLz, ZDk
XEEDF UEHIE T b,

4. 3. 3 ETILOEHR

o ETI/ILOBBRMDIRIE

AL5 (H18) K NAB8 (Bi) (2H1) H/kiR, Hisy, Chl-a#EOBIME & 3HHEOLE% Fig. 4.3.3-1
IR T. EOBERIZOWVWTHEWEHBEMENE O, Wit & ICKIRIZARZFHZ L EZ R LT b D
D, KIBOZEEMEIIRE £V, KE/KERIZ5C U EEREMCENo7z. HIFERNTIIERFICK
<, ZO%EATLBRRA LN, EFRETIIEFURSLOEVMETH -7, Chl-a REEIZOWTI,
JEREETIZAHEIANS 10 HIZNTTO2 20— RN bb OO, JERHTIEE ORMIXIEE
Thhoilz.

BRI B RBRIC K D AR OBLIINE & FHREME O R A Fig. 4.3.3-2 1287, BRI EERE & HIZ 24
BEOEFORREIEE % €7 L TR/ L TW b DD, ZOMIZ DWW TR B T & Tz

o NXDEEREZTDFHIRERDES

AB8 & ALS 1285 2 FEM DR OHEE %2 Fig. 4.3.3-3 (2R T, 1 EREORERE L ALS DI 9 N K&
Moleb DD, 8 HOREINZ Lo TREITRE D Lz, —J5, AB8 TIFEINC X 5 134 U IE
PR E N A BT, SR O REREOE M OV KR & EFRBE DB DR 5.

A BE 3 2 KR PR BB I AR & [FEROHERS 27~ L 72 (Fig. 4.3.3-4). Zhid, 13 & A EDHIH,
B (F19°C) % Flalo T\ ez Th 5. KIRHIFRESUL AB8 T1% 0.20~0.98 (F¥IfE 0.74),
AL5 TiZ 0.25~1.0 (CE¥fi 0.82) THER L Tz, BEIRSIEICE B4 5 & (Fig. 4.3.3-5), AB8 TIIfEH
JKIEIE 6000C IZEET 5 & DD, /KRN 23°C ZHZ D Z L NRIN -T2 EINCE b ieino 1=, —17, ALS
TIX 7 AICFERKIRDS 600°C 28 %, 8 A DPIDITIKIRA 23°C Z M8 X 7= Wi CREFRNAE UTo 2 & 303
. BHEREEICE H9 5 &, AB8, ALS & HIZEIREITHRT L KT EMEZ R L, AB8 LV ¢ ALS
DIEINERETHo72. B E 2D &, AB8 TIEM T 77 M HROFHMNIZE L EE S
HDTWebDD, ALS TIIEW T 7 7 b, EABMEEE, (EREThEhOT5 R0 7 (Fig.
4.3.3-6).

o ZEBEEZXI
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T X DEFEEE E 2 Bk LT 25~400% 28 b S W72 & & D ALS I2B I D i ER LR ek o
ERERDOEAZ Fig. 4.3.3-7 IRT. AR RITEIAE O L TRELSHA Lz, —77, AERIT
BEOEIMZLVEZ TWbD0, AEDRIIREMETLTNDZ NG5,

4. 4 EBE
4. 4. 1 HFOERREEDZEMES
EY BN A HEOREICE Y 52 2ER E UCKR, Hy, WABRRE, (IR, (RS
MZETF B TWS (Ferreiraetal., 2011). = Z TlE EFEOFERIT OV THIARR (AL5, AB8) T
et 5. KIRE, 5 H~9 BT TEREHOIZ ) BWEREE XY 5°CRE SN -T2, B X OEKIEHE
BT D Ecli/AKIRITSZERFIZ L 0 K& < B2 5 A (Kobayashi et al., 1997 see references therein), Bougrier et
al. (1995) (F/KIEA 19CD & X ZIAKEEN R K E 72D L OFREREZH TS, AB8 TILZ DK% EAl%
ZEIRFEAE R STb DD, ALS TIH19CLL EICR D 2 b Z 0ol 1 ETHRLIZL I ITESE
BOEOTIEEFCRERE (R%, 1971) OBz, RBEERKERZONDS. Z0w, B
B (AB8) TH ZOKILDOWAIZ L D FEN L EIZHT TUEREE R TKIR THER T2 2 L1275,
Bougrier et al. (1995) CT/r SAL7-I/KIZEEIT 2 KRB OE A i3 2 &, KIBSHFICHUR B O 2T S
MR- T, 13 ORI ITIE 373 19 AT IZ72 5 LI 5723 (Mannetal,, 1991), EHFHARF O
AW E Y BB TEP oL OO, WML HIC20 LY HLEVMETH T2, T D72, HAROE YO
BVVIRRICKREREETIHEZ T RWLDOEEZ bND. T, EFMmFERE MR & HIZ 6mg LY
ULETHY, DXOEMCEETD LI RBETE RN £, BWEBEITY SHEOBBIEMEICK
TREEE G252 ERMBLTNS (Powell etal., 1995 ; Kobayashi et al., 1997 ; Gerdes, 1983). AL5 C
X AB8 L LU L CEV SSIREART Z L NS o7end, T D & & ORREYIIRED /1 % O KIEENZE
B 52 TN E D DITENTIER. Z07w, BIGOR% AW BNERIZ X RN 4 %K
HHND. LLEND, FEINC XD REBAD LS T, HREDRRIEEICRE B r 5255 2R
HESND.

4. 2 AXOHERER
AR, 38 M OVE SR DL E RN Z2 O 7o S gt O FIENER ST % (Bl 5, 2013).
SBC IIIMEAPER 1T K-> TR DA RT Z L2 HE SN TE 7 (e.g., Fry & Sherr, 1984 ; France, 1995) .
IR O IR FBL EFN AT AEBTEEORBETH Y, ABFEREIIAKR, S, RBERESICLY
ZEL, AFHENHE 25 L BCHILELS 2D (BiFh, 2013).

1%, B, (PEBEORSE - BREERNMAEOT 7y N Fig. 4.4.2-1 1273, 728, W)IHRA
B KOV ~ B IXHUR - gnR (1992) DR COBIANE, JEAMKIEESIX Kajihara et al. (2010) o K HiAfi

4.
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HTOBRMEEZSIHA L7z, IF%0BCEIZT ~EDOZNEIFIRELS BipoTW e, TEHKDOH
W EFIH L CODAMREMEMEW E B 2 b . £z, WITHKO Y b R TH o 72, — iz, §1%C
VLS BB N 1 F-9 AT 1%0, SN 1T 3~4%0 5792 Z £ BN BTV 5 (Riera et al., 2002 ; Kajihara
etal., 2010 ; see references therein) . 77 - JHIZIRRNANIRIWIERL 2B R T2 2 L3V HN TV S 25 (Newell
& Jordan, 1983 ; Riera & Richard, 1996 ; Cognie et al., 2003), ZiLZFH DOHLE TD POM 0 §13C D Z=HiZE
ez KB LT F 0 §BC IS UK LI TRB) L7 (EFENLKEEITHT T, AB8 TiEm <, ALS
TR eoT2) b LEXLND.

LEFLAAR 2 I T2~ 7 2% OEPEHROHEE L 2 E TO L O OFZEE 3 #E S T2 (Riera &
Richard, 1996 ; Riera et al., 2002 ; Decottignies et al., 2007). Z L5 DHFEIZ LD &, B X OEHEHRIIEE 4 T
bo0, EAEMMBEEOFGRE NI EMEM SN TV D, (ERREINTELYHFOREET VLTI,
BNEONM 77 7 b (EFDT R T4 X A) BNEEEHR E LTt TE 7= (e.g., Kobayashi et al.,
1997 ; Ferreiraetal.,, 1998). L2 L7236, WIS E Tl 401 C BT 2 s C IS A O saEa <o
EE, MBEIE EOMERESOBERO—RAEEFEDFAET S (e.9., Kasim & Mukai, 2006; Hasegawa et al.,
2007). AT, 7~ EOEELITAE LTSRS M EEOEEHR & LT Haoici#sed 2 2 &
NENERICLVRIESINL TS (B, 2009). ZD7=®, ARERET VIZEBWTH I FORKEOmEY) 7
FHI O 7= DIIFEE ORI A BE S 5 Z ENRAIRTH D, AWFIEDLERAMLIA /I OFE R BT,
JE A & IR RRE T 2 3R LT 2 8BRS BB 1T 572 D & O Bl R RIIG O kv Tz, %
DOEFEHEIRD & 0 EMEREIICIE, FHE O RDIPENFTELETH .

4. 4. 3 HAXBEDA /) FERBREANOHE

E W E R CHIET D0 X DR OWEIERICE 2 58 L LT, mUWIEIREEIIC X 51868+ (Dupuy
etal., 2000), VRIAHEMICEE S SO EA  (Smaal & Zurburg, 1997), [EAHEY) O HEFE biodeposition

(Haven & Morales-Alamo, 1966 ; Kusuki, 1978 ; Deslous-Paoli et al., 1992 ; Hayakawa et al., 2001) 3281 5
NTND. 2ok, AXFMEWEDY 7, Z U TREREOY —2A L7 55, EERIC, BBy
BEZKEABWY T T o7 N BB SEL =T, MW7 T FUDAREZIRESE DL Z ENE
WNEBRICL W HEESHTW5 (Prinsetal., 1995 ; Asmus & Asmus, 1999). F£7-, 7 F » AREBICALET 5
FASHME D YRR Cd % Thau Lagoon Tld~ 4 OF&JE & /AKEE OBRIZ OV T ORI AN S < ik
ENnTHY (eg. Dupuy etal., 2000 ; Souchu et al., 2001 ; Mazouni, 2004), = O CYIEIEERIZH = H F
DEENIFFHINCRE S BRDFEEAT 52 LM S TW2  (Souchu etal., 2001) . &5 K OV
FREOEROFMM 7% & (Table 4.4.4-1), JEFEWTIIMEN 77 27 b oD N ZOREISH LTI &
DR RIL 10% 288 2 Tz, FHIRICA D &, AFLRWICGAWEIL T ®FOFEREP TS &N
STz, Z ORISR ENMEKEECTHER 3 5720, %12 &0 PRt S 72 e S SR )~
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Ty bATKHIAEND. W77 7 by B UTC RGBSR OB R EIIEFEM TIIEY T 7
YU bR b= RO NL T

A X FGEDSHRNDAEMFFEI G 2 DOV TR 2720, WX O EEZEBETICHEZIT-
Tol ZA, B L L CERWNORMY T Z 7 b & (Chl-a JREE) A RIEIC#N L7z (Fig. 4.4.4-1).
ZOZENS, MNODXDHM T T 7 b OBEICRE RIBEEEZ 52T 2 8905, ZhE
T, LTV XA T4 (Mytilus edulis) DA A~ 2 EFEW T T 7 b & (Chl-a ) ([ZIXTAOMBEN
HHID T L NBUGEER A Y 3 A LR (Prinsetal., 1995) I XV #HESHTWD. AFFETH A F
DFFHEE L WINOWY 7 Z 7 R o BUFREOBICADOHBENA Hive (Fig. 44.4-1). M2 T, WH~
T U N DR S BRI L OB LT SR Ao L7z, Prins etal. (1995) Tt S 4v7z &
T, KREEHOYMIZ L > THEM T T 7 b AT & > TREBRBRENER SN D b DD, 1% Dm0 E
RIECE T T T 7 b OERHIIRS TN D Z LRSS,

TREFEO R T REIIETAGE T OREICK X 8% 5 2 (Kaspar etal., 1985), FAHE DI {
IBGOEEREDENEMSNDG Z L bH D, AR T, IFOENDRELS R BFCOREE
DN T, B OHER T OGEED IR ERCR LA T AR BN b DD, Z DB
EHTh o7,

N X OFIEFE L M S E725E LIRS 720 OfERIRE KT L. —FHT, LERAKITE
FHEOHINZEN EF L7, X OBMIT YA XL > TRR D720, FEROL I L IS D)
PFLL B LARNWZ ENEZHNS. McKindsey et al. (2006) TrREH7- & 912, BRENAENITAERE
(production carrying capacity) 7213 T72 <, #&#FH7eF5HE (ecological carrying capacity) (2 X - T &Gt
LTWSMERDD. £, BHEBOHINZ L >THH T 7 7 BORDRIEEOELREL D Z
EMETNTRINTZ., DT, T FORIEERIEEITHINOAERRRDIGE 2 Z B L7270 HEEIZRD
LI ENBELIND.
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Table 4.1.1-1. Previous studies on the growth model of the Pacific oyster (Crassostrea gigas) and the Eastern oyster

(Crassostrea virginica)

References Study sites Index of food Coupling to
quantity and quality ecosystem model

Powell et al. (1995) Galveston Bay, USA Particulate Organic Matter no

Kobayashi et al. (1997)  Hinase, Japan Estimated from Chl-a no

Ferreira et al. (1998) Carlingford Lough, Ireland Chl-a yes

Gangnery et al. (2001) Thau Lagoon, France Chl-a no

Ren & Ross (2001) Marennes-Oléron Bay, France  Chl-a no

Gangnery et al. (2003)
Pouvreau et al. (2006)
Wang et al. (2008)
Grangeré et al. (2009)
‘Yamamoto et al. (2009)

Thau Lagoon, France

Particulate Organic Matter no

Thau Lagoon, France Chl-a no
Apalachicola Bay, USA Particulate Organic Matter no
Baie des Veys, France Chl-a yes
Hiroshima Bay, Japan Estimated from Chl-a no

Table 4.2.1-1. Sampling schedule of oyster and number of sampled oysters for cage experiment of 1st and 2nd

yea-class in 2014,

Station Start Sample collection

(Spring) (Summer) (Fall)
AL5 2014/5/23 2014/7/29 2014/11/19
(Akkeshi Lake) (1st n=45; 2nd n=16) (1st n=26; 2nd n =30)
ABS8 2014/5/23 2014/8/6 2014/11/20

(Akkeshi Bay)

(1st n=28; 2nd n=19) (1st n=27; 2nd n =30)

(1st n=24; 2nd n =20)

Table 4.2.2-1. Mean (x1 SD) *3C and %N in particulate organic matter (POM), epiphyte, and the Pacific oyster

(Crassostrea gigas) collected in Akkeshi Lake and/or Akkeshi Bay (AB16: bay-mouth, AB8: bay-center, AL5:

lake-back).
Station Summer Autumn
313C (%o) 8N (%o) N §C (%o) 8N (%) n
POM ABL16 -22.20 5.40 1 -20.50 5.50 1
POM AB3 -22.60 6.10 2 -20.50 5.90 1
POM AL5 -19.50 6.20 2 -24.40 6.30 1
Epiphyte AL5 -14.80 8.10 1 - - -
Crassostrea gigas AB38 -20.60 +0.8 9.10 £+04 3 -18.60 £0.1 9.00 £0.7 3
Crassostrea gigas AL5 -19.90 £ 0.4 9.30 +06 3 -20.60 0.7 9.90 0.1 3
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Table 4.3.1-1. Parameters used in the oyster sub-model

Parameters Description Value Unit References

R qwo2 Conversion coefficient from 0.95 g DW uL O,™ Kobayashi et al. (1997)
oxygen consumption to flesh dry Hyun et al. (2001)
weight

Nmoroys  Natural mortality rate of oyster 0.0017 gy Yamamoto et al. (2009)

Areaoys Cultured area of oyster 1.29x10° m? Estimated from aerial

photograph
R dwn_ovs Conversion coefficient from 778 g DW mol N* Observed data

nitrogen content to flesh dry
weight of the Pacific oyster
Ruawovs  Conversion coefficient from flesh  0.00129 o) N g pw* Observed data
dry weight to nitrogen content of
the Pacific oyster

Table 4.4.3-1. Annual (April to December) nitrogen flux associated with oyster in Akkeshi Lake and Akkeshi Bay

calculated by the model

Processes Nutrient flux (ton N year™)
Akkeshi Lake Akkeshi Bay

Photosynthesis by phytoplankton 1346 7873
Excretion by zooplankton 90 1237
Excretion by oyster 218 4
Grazing of N (living) by zooplankton 225 3092
Grazing of N (living) by oyster 642 14
Grazing of N (detritus) by oyster 616 4
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Fig. 4.1.1-1. Time course of annual harvest of the Pacific oyster (Crassostrea gigas) in the world from 1950 to

2014. Data were obtained from FAO (http://www.fao.org/fishery/topic/16140/en).
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Fig. 4.1.1-2. Time course of annual harvest of oysters (mainly Pacific oyster Crassostrea gigas) in Japan from 1956
to 2012. Data were obtained from Ministry of Agriculture, Forestry and Fisheries

(http://wvww.maff.go.jp/j/tokei/kouhyou/kaimen_gyosei/).
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Fig. 4.1.2-1. Time course of annual harvest expressed as tissue wet weight (left panel) and yield (right panel) of the
Pacifc oyster (Crassostrea gigas) in Akkeshi Town from 1991 to 2014. Data were obtained from Hokkaido

Research Organization (http://www.hro.or.jp/list/fisheries/marine/h3mfcd0000000ge0.html).
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Fig. 4.2.1-1. Location of study area and sampling station (OL and ALS5 in the Akkeshi Lake and OB and ABS8 in the
Akkeshi Bay).
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Fig. 4.2.2-1. Time variation of surface water temperature (a), salinity (b), dissolved oxygen concentration (c), and

Chl-a concentration (d) from April 2014 to December 2014 at AL5 of Akkeshi Lake (red circle) and AB8 of

Akkeshi Bay (blue circle).
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Fig. 4.2.2-2. Time variation of surface water temperature observed by continuous monitoring at OL of Akkeshi

Lake (red solid line) and OB of Akkeshi Bay (blue solid line) from May 2014 to November 2014.
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Fig. 4.2.2-3. Time variation of wet weight including shell FW (a), flesh wet weight WW (b), and flesh dry weight
DW (c) of the Pacific oyster (Crassostrea gigas) obtained by cage experiment at OL (in the lake) and OB (in the

bay) in 2014. Error bars represent +1 SD.
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Fig. 4.2.2-4. Time variation in condition index (CI) of the 2nd year-class Pacific oyster (Crassostrea gigas) at OL

of Akkeshi Lake and OB of Akkeshi Bay from May 2014 to November 2014. Error bars represent +1 SD.
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Fig. 4.2.2-5. Relationships between flesh dry weight DW and flesh wet weight WW (a) and flesh dry weight DW

and wet weight including shell FW (b) of the Pacific oyster (Crassostrea gigas).
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Fig. 4.3.1-1. Schematic diagram of the oyster population model. See text for a description of the model.
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Fig. 4.3.1-2. POM (particulate organic matter) subdivisions according to its sources and assumed food sources for

oyster (gray shaded area) in the ecosystem model.
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Fig. 4.3.2-2. Treatment of oyster generations in the oyster population dynamics model.
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Fig. 4.3.3-1. Modelled (solid line) and observed (square) surface water temperature (a), salinity (b), and Chl-a

concentration (c) at AL5 (left panel) and AB8 (right panel) from April 2014 to December 2014. The values of water

temperature and salinity were hourly output and value of Chl-a was daily mean.
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Fig. 4.3.3-2. Modelled (solid and dotted lines) and observed (square and triangle) tissue dry weight of the 1st
year-class (solid lines) and 2nd year-class (dotted lines) Pacific oyster (Crassostrea gigas) at AB8 or OB (left
panel) and AL5 or OL (right panel) from May 2014 to December 2014. Observed data were obtained by cage

experiment. Error bars represent +1 SD (n=5-30).
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Fig. 4.3.3-3. Time variation of flesh dry weight of oyster at AL5 of Akkeshi Lake (red lines) and AB8 of Akkeshi

Bay (blue lines) for two years under standard condition.
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Fig. 4.3.3-4. Time variation of surface water temperature (a) and temperature limitation index (b) at AL5 (red solid

line) and AB8 (blue solid line) from April 2014 to December 2014. The model results are expressed as daily mean

values. A limitation index of 1.0 indicates no limitation for temperature.
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Fig. 4.3.3-5. Time variation of daily averaged water temperature (solid line) and accumulative water temperature
(dotted line) at AB8 of Akkeshi Bay (a) and AL5 of Akkeshi Lake (b) from April to December. Arrows in the

figures indicate the timing of spawning. Accumulative temperature is expressed as maximum 600°C in the figure.
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Fig. 4.3.3-6. Time variation of modelled surface food concentration at AB8 of Akkeshi Bay (a) and AL5 of Akkeshi

Lake (b) from April 2014 to December 2014. The model results are expressed as daily mean values.
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Fig. 4.3.3-7. Relationships between relative stocking density and growth rate at AL5 of Akkeshi Lake for two years

(A) and relative stocking density and annual production in the whole lake ([).

11
10 - & Ovster Lake (Jul)
& OvsterBay (Aug)
9 - & Ovster Lake (Nov)
g - & Ovster Bay  (Nov)
T @& POM Lake (Jul)
£ 7 ¢ @ POMBay (Jul)
= 6 - Ce 'D. {2y POM Lake (Nov)
= {3 POMBay (Nov)
2 @ POM River”
4 - & Eelgrass”
Epiphyte
3 - Microphytobenthos™
1 1

30 25 20 -15 -10 -5
313C (%.)

Fig. 4.4.2-1. Dual isotope plots of 3'3C and 8*°N (*: lizumi & Suzuki, 1992; **: Kajihara et al., 2010).
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Fig. 4.4.3-1. Relationship between relative stocking density compared to standard case and yearly (April to

December) averaged phytoplankton (PHY) biomass in the lake.
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EE5E EBRETIZERAVILEERBSKAOEREERED LR & 5% 0
5. 1 [FC®IZ
5. 1. 1 QREOEZSHE

IR AEW A PEVE DS S W T H Y, BN Y 72 V) O S PERIIINEDK) 2 %, SIRAETIT
BYFLEDOFIN-y 2 > T D (Ryther, 1969) . KIEDHEWE/KIN (lagoonal estuaries) DFRFEIE, WIAFEIC
T HREBOEIENEmN L, T LTANBNOEALEMOIFETH S (Tyler & McGlathery, 2003) .
Nixon (1988) (XVA/Kisk COHALHFE Y 72 W OIRERE (MM OKIK L L TEWZ L2/ L, ZOHA L
L TR TIE—IRAEBEIC & » TR S IVIZ A DK ED~ EBATT 2R m 2 & 2280 7.

ARESRIERE & 1T, & &% DAERERITEHEIT T S0 ZARZRAEMH - WE L7 e X THY, AR
PERED 5 BRFICANHHIC L > TRED & 2 A RBRMRED T EE D ERRR Y — X LTINS (D
2007). IRFEICITTRZIZ U O & T DMMOME RS & W > T 2R AERRR D A LN L8, T bD4E
RERITFEFICE VAR Y —E 2% H7 % (Costanza et al., 1997) . i FIRO A EMSCARER T — B A Z5F
lfid 2 720121%, TRZ & eMEGER-CE RS 2 B ATV AT LA QiEICHFT 5 Z LN EETH
5.

FATHIRARTZ L DI, IBREEITAEEER SV CTH 523, [ARFC ANHIEB) OB L Z TR0 W 23
b5, TIVETERE (eutrophication) &L 2 HHEWIRE (FFIZ Chl-a L) « SREHIRE D EHOZ
TICEE D DN S S SN T 7278 (e.g., Harding & Perry, 1997 ; Cloern, 2001), — J5 CiUr4E Tl
W B OFEA AR ORI X D&%/t (oligotrophication) 723 —EBDIHEIEE (Anderson et al., 2005) <°
1R FEtE (Yamamoto, 2003 ; Mozetié et al., 2010) THEfi STV D . IR FEBTIIEMZEDREAIITDRL T
DT ENEL, BRSO BEAGEEAR I CIXE O J8 IR O SR — RAEEIK T 5 2 L1
L. TO, BIEEITRGOBRBEINA 2R E 272 E RO L 2 ENEFE LS, BENENOHEEIZ
YT o TUTWHEIEER % & 0 T AR A FEERE DRV b DY 2 AR ROBMF N A IR TH L. IR
KNI 1T 2 BIHFAESHUEE 7 M L2 EHZU OWEIN SO RAEY 1%, ZiFE TIZ Gialova Lagoon

(Petihakis et al., 1999), Thau Lagoon (Chapelle, 1995 ; Chapelle et al., 2000 ; Mazouni, 2004), Sacca Di Goro

(Zaldivar et al., 2003), Venice Lagoon (Solidoro etal., 2005), ¥z~ (Sato etal., 2007), BEEUH (Hata &
Nakata, 1998), #AJI[J# (Kohata etal., 2003), ZSiEi - ¥ (Nakata et al., 2000) %50 #iulsk CHiA ST
D, ARKAFEREORHEIIY Th 5.

5. 1. 2 HANRREHEEOLEY
KEEROEBITBNT, EROP—FEOEHIZMZ T, EEBROZEL S LIZITEEIERLBUR &
W 7oA EE SR & A2 Ecosystem Approach to Fisheries (EAF) <> Ecosystem Based Fisheries Management
(EBFM) LW I B ZXMNINE > TEZ T35 (Pikitch et al., 2004 ; Garcia & Cochrane, 2005 ; Jennings, 2005 ;
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Curtin & Prellezo, 2010). L2>L72723 5, EAFX°EBFM OEH LOFE L LT, AREROEEMEICET S
FREEDRHENL SN TN L0, FIFITE Y —ARROLITWD Z ENRZEITF LD (Fréon et al., 2005) .
F 72, AR O EAF X° EBFM ([ZH1 2 T, IEFHE & AR 788 B2 Integrated Coastal Zone Management (ICZM)
DEZDREINTNWD., HAEPBFEEEHEOMRIE, RRROBRESCER A £ LWVIREE THERF 5
72O, ZNIE 2 52 2 NRIOF T2 S 55 25 L 2O, £ L TEDFEK] (B - KK,
2003) TH 5. InFBOBRERLEIR A FHAIICFIE LT < 720121E, REECEIS SRR OB E DT
TITINA T, Wb DA ESLEIHA R BEORIE & WV o Tk % 2 TR ORI W HE72 Y — /L D BAFEH
RARTHY, ZOXIRGEICBWTRHEY I 2 —ray (EERETY V) 3RENRTED
—DOLRVIE5.

5. 1. 3 HRXNREORHH

ARWFZECIRAbEE A AL E S D 3 D OVUKI (R0, KB, JEGHER) 254 &4 % (Fig. 5.1.3-1).
TS OV UK FEEIRIEDS 1I~15 m R2E L IER TN Z &, £ L TIRVIKERIC K 2408 & ok (5
WBASEME) 23l L 7= BRI 2B Ch 5 (Table 5.1.3-1). F7=, W ZEITHRKRKTH 15mLUTFTHD
(microtidal) . YRR AR LMK » WK DWHARF NI KBS EIE R IR E g B2 5 2 28RO —
> ToH % (Nixonetal, 1996 ; Valiela et al., 1997 ; Jickells, 1998 ; Dettmann, 2001) .

IO LHIFI AR AE D &, R~ D F R OFEAI) T & 2 BIFEGD ) TN FED AR 218 Y
NZBIRBRRE D BENRIEFI NS N ERFFETH D, KB E TITTEFRRIZIRAT 5 & 5 7o) 11T A4
LT, FAKIKDIZE A EEZFARRED TS, —F TR OFIEIE, 1954 4 DRI B SR Hi X
REE (NA vy 77— AGHE) (2K VBRI, KRG~ FREL T o7z, BLEND, it
187> & OB O BE G TR > > KB T 5 Z L MRES LS.

PASHME K T3 2 OHIZAYRF A 2> U C A RIREEDMT DN D Z L3 <, B & KEURHE Tl
B ZZ R 000, <A xXOE FERIEL @RS (TR) TOT7 Y VEENMTbATWD. £7T,
IS OFEKITIIERE RS (7~ € Zostera marina, =7~ <t Zostera japonica) 23 AHEFHIZ /AR LTV
L. EMDZ L OWTT ~ ESHEEOBA DHdE STV L HT (MMa b, 2003; [k 5, 2005 ; Hiratsuka
etal,, 2007), FEAYZE L CESR LIRIEDSRAFERNITHEN TV D . BEFIATHNS IR R Cid~ U &
OFIEAE T T (Inukai & Nishio, 1937). F7-, B(EEGEH TiL ¥ I OFHFEEOHD (=15, 2008 ;
i PR, 2016) IZ X DB VTV D, JRRNZZERICIIFFE SN TW Wb oo, JilkoB%s & B
FRL TS Z LA STV (Inukai & Nishio, 1937 ; = 5, 2008).

FARKIL COKE LWL, RKRAEREIZRET 2 BTN oG ST b, &5
WHICIE,  lizumi etal. (1995) (ZE/FHIN DRy & RFEHRRE ORI &, FHBRHL I 17> 5 DG IS
K DR8N, ) UEEEITIHN COBAEEDRENRKRE N 2R Lz, KHEHAHE T, Komorita et al.
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(2010) 17 VU OHEIIZ X 2 R BEDNERAEBBEEOAFEEZ XX TWDHZ L EZW LN L. £, &
5 (2011) (FKHATEITBOKMEFE L0 B IC LM KOTREAD T REB LR TH DL T L Z2RL
7o BGERITIE, MRS (2011) 2SINIZ oA 2 BB RE A IR IT)ITHR D 0 L0 H N T4k
PEDTTPENIGINRE L, APE SR ITHIIMIIRH LIS KW IC > TWDH Z &L 2R LTz,

ZO X, RRAREROBREICET DRI RBLEDITONTE TV DD, M—aRfinm s
TR L > TENENOVFRKIAO RS Z BT T Tl S D Z & 3o, Rl—0ET V&R D
VKB 35 2 & C, VUK OAEFEREDEWIZ OV TR VDRI TE 2 L 5122550
LEZDND.

5. 1. 4 BH

BRBALIC L DUEAFEEDIRTICALILD L DIZ, IRFEIBROEEAFEL XX HT-DITIT—EREDA
MENULETHDL EEZXLNDLN, AfTEEKE, ERAEITIEFRGIICET D720, EWMAEEL TR
LT DY) 72 A A BIHFAE DL B3RO D Z LIFEG TR, ARk T, FERAICERE S
DI L D EREN - BRBOOMEIES OWADFENEZ BN, T OORE (ABRONESM) %
THEHE$ 5 2 &E NEERFREETH 5. Nixon (1995) 1285 & EHRB0IL TER D OF AR &
BN LERINTWVDN, I TIHEREL EREL) & [BEE O ORFEEEROZESR - U oo
AMROHEM ()] & LTHRS . Chl-alREIIRBOEEL Sd 2 L3% < (eg., Hanetal, 1992 ;
Bk, 1998), EREF(LICE o TREINEITT 5 2 &E03% < O TS ST\ % (Anderson et al.,
2002 ; Heisler etal., 2008). F7z, MREIORENABFEKHDIERICKE S FET LI ENMBNTND
([F 5, 2010). EEEFEAKBLOERILIN 20dHDH (g, B, 2004), AW CIXETREFRE 3 mg
LT UL T 2 & FEKRILDOFEE & L.

AAFFETIE, 1) VUKIIOKERRESE K OMERAEFERE Z e+ 5 2 &, 2) VUKIBONesstEDFEiE &
L COKRH:D Chl-a iRE, QIEEOEFRERIRE, OMEMEERLZ T, MORIICIE S 5 5 REAL
WXL CZNDDIENRED X HINET 50 ERRET Y U ICEVGET 2 2 L2 HE L.

5. 2 BHEE

BVUKINC 1T 2 A A R TEUEE 7L OREEE « BEEANS AW o, M L7 BI3KE OKIE, H57,
WATIRSE, BHE, Chl-a), KB CRIESMk, MIBRKHEBERRE, Chl-aBiffE), 4% (7 ~EBfF
&) ThHhd. FIUKMICTERZREL (EFW - E5E %0 ABL6, B9t AB8, 0 ALL, 1t AL2 ;
KA WA Stn 0, Y Stn 10, VHE Stn 6 ; JEEW] - AR - ARE M nmroll, M0 Stn 27, $EZEH
Stn 15, %L Stn 41), FAEREREZ SR L7- (Fig. 5.2-1). TN ORI TlIfkee L7-KIEZEDE=4
U > T HTOITN D08, AR CIIE R0 - 2113 2014 4 (55 L 2R, KA 1 2007 4= (Komorita
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etal., 2012), JEGEIIL 2011 4F (3 - FH4R, 2016) (TN iiffE R A2 EAMICHWA Z L 245, F
72, ESEWNC I T 2K ORBHEEEIIMA S (2011) 2»H51H L7z, JHEGIESLE - 54T 51k
WZOWTIEENEFND LR E S E IS -0,

5. 3 HEYIaL—vay
5. 3. 1 ®EZEH

3T — AERERKE BT T V& AW TRIUKMIC I 2 IRRAERER OB B2 51 L 7. BT T /1T
Princeton Ocean Model (Blumberg & Mellor, 1987) ZJAR L L, [BEML, WINZES), SMEKDTEA, ]
NIKDWAZEBRE LTz, FHRSEM% 16k Table A-5b 12737, WRENET /L CIE, IR A 7 —/L (KREEIR)
TOFHRFREVUKIIA r— UNE) OBERSEML UTHEM Lz, REE GR/FA 7 —) OFt
TR AR R ) < SRR, KB & RO — 8, JBGE T & AREE O —Ef & L7 (1% Fig. A-10, A-11).
F7-, ANEEL GRKI A —v) =T L0 REERIIAHE Fig. A-12 DB Th 5.

ARERET TR — RAERESET L (KX 3, 45) 2o, ARBRET L OREEH
% {4k Table B-0 (2, MAANEAXK% Hk Fig. B-Ob 12777 GEMZ 3 WA OMHERIZFLHE) . MEHHE LT,
R & B CIE T ~E0Y, KBAE T a7 v EBMELT 20, a7 ~vEDOK, RTA—FIT~
FLREILbDZMWE., AETATRT v BHOIFBEOLE LT T VN TIEFREES, mambilpike L
THEHIE DA L7-BFEE 52 CnD. 22T, 7~EHOBFEIIERTTIX Yoon et al. (2011),
KEAETITER S CRIER), EHEMCITRM O CRIER) »OEG L. RES O GIS 7
— & (RS & QR ZA0E K2 EEE 7« — v R o Z — R R R ERRET, KEURE I
E L HPEGERAT OWIER) S, 7T U RO F OMBIIMZE T = BHEE LTz (fHk Fig. B-1). &
FENZ 3T 2 74 U i (T98) OREREITHR 1.5 km? (BRI, M), KEAHE TR 0.19 km? (Komorita
etal,2010) & ENTHY, WHEOKRERCED L7V VIEGOEGIEELE  5NRETH 7.

F 72, VKNSRI 2K OHEERER] (flushing time) % RS 5720, WINEIC K LZ b L —
P—DRFELZFHE L7z, P L—Y =T TRt S 4, 2o b L—3—3KIR - o OBk
BOTRRA LR US> Tk Sh D, I OERITHRA. TH 528 (A, 1984 ; M, 2013), =
TN (b L<IEBHKEF ) ICBITDBUFREN L —F— 2R A LTZRA O e UFIZET HETD
5[] (e-folding time) Z /K DFFEERERM & L CEFE L7= (Dettmann, 2001 ; Monsen et al., 2002 ; Plus et al.,
2009). 75, T OMEITEEIZIISME & O KR ZR LTc b O TIER0n

5. 3. 2 ¥PEH

IHISRI T2, &2A vy, 2 CR—OEE W= (7§ Table B-9). 723, PON, POP, SBA
DEREIZ0 & LT,
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5. 3. 3 ER&EH
o R

KT D AMeDAS (1 L 28I (http://www.data.jma.go.jp/gmd/risk/obsdl/index.php) K OVERRFFERE 12 X
BHHEE E (http://agrid.diasjp.net/model/solar-radiation/?gui=station&lang=ja) 7»HR%T — X ZHiG L= (fF
#k Table B-2, {1k Fig. A-0~A-3).

e il

/NFEICE T /L T OB AR R CIIRsEn )i, REDI, BRI, S22 A )1, HHE) 1 oF5
N, JEGERTCIEEGE), o2V, Rev oo, BIEENOF 4011255 & Lz (Fig.
5.3.1-1) . KHBUAA TIIAEZ TIRAT 2 K 0 2 INEZR 0D, W< DD 7 ) — 7 BMEET 5 (B 5, 2011).
EDT, 6 oD V—r ZBRE L. BRI AT D) Oji sk OUKIRIZEH 3 H=b, KEHh
BETITED (2011) 725, MRS K OVEGHER CIIAR =B IE PRI o0 & 0 FEHIME

(http://www.pref.hokkaido.lg.jp/kn/sbs/ksn/kasenkahome/ijikakari/nenpyou24-1.htm) & 25-3a1J 1| o gk A b 2>
SR L7, 7ok, WIIKFPOHE FIFIZ0 & Uiz, WK OEGFREMMY), R AHEZ=R (PON)
TR I XBLHME D D 6%k Table B-12 O X 5 1T E L7z, 7ok, EFREAHEZESE (DON) X, DON/PON=0.5

(Retamal et al., 2008) & L C, i {FHEATL Y > (DOP), llREAT# U > (POP) I3Z 41€ 41, DON/DOP=10,
PON/POP=10 (Yoonetal,2011) & L CaR&E L7z, E7z, WIDKPOEFBFEREIXF ML TN D
DL L, FOREBEEIT Weiss (1970) 7SIk v BEH L.

InC” = A1 + Az '(100/Tab5)+ Aa ’ In(Tabs /1OO)+ A4 '(Tabs /100)

ZIT, CF (ML LY IRIEFRERIRIIELE, Tas (°C) ILHERHRIE TF LI KR Th 5. £77, A=-173.4292,
A2=249.6339, As=143.3483, A=-21.8492 Th%.

o FHER

BREES 1T DI A B L5 4 0l D U7e (8% Table A-4) . RFEICE T L OBEERICKIT 5
KR & M5y OfEIL FRA-ROMS O FHfEHTHE R4 VY (1% Fig. A-8), KFEIE 7 /L DFHRAER D & /) Elk
T AORBEFIZIT DK - o OWRE Z & O ZE Lic (T Fig. A-9). & H OBRERICKIT 5
KA, IRTREAEZEF (DON), W77 7 b, 77 v 7 b iR I3 % Table B-10, B-11
EHICRRE L=, 7ok, WIFREf#Y o~ (DOP) 1% DON/DOP=10 (Yoonetal., 2011) & L CHH L.
& HOMEEBIEMRE L TR b 1 REOEEZET VA LT,
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5.

@

. 4 EEIFIF

JE IR 2014 4F, K EA Tl 2007 48, JRGE TIE 2011 4E A BRI ELO M RAE & Uiz, i)l AR o
B (ERERE, AXE(L) BWERRICEADEETIT 572, WK ORBEIRE 230 L T
LT, 25%~400%D[H CEB S WEHRZITo 70, 723, KA TIF) D 6 O S A fif & & AR
HDHIERTETWRWED, ZOr—AOFREITFEML T\, £z, 7T~ EHOFEENYERER
\ZH2 DB D720, T~EY (T~ EE, TEHTE, fEEE) 2EILLEED
R Z 2T OB E S RIITo 7.

5. 4 #R

5. 4. 1 BhREHER

JE RN 31T 2 FEFRAGAI GUEEZ A, KA, R, BRI 31 2 EERANR)I (RGE#E)],
YU aYl, R vyaxVl) (2B 5% (NO2+NOs, NHs, POs, SiO2) #REEDFHTONTIX
% Fig. 5.4.1-1 12779, NOANOz R EEILFRNIFIC Lo TRE < Bip o7z, BEMACRDOHF TIEKBIINN,
JESEEIAKROPTIIR Y 72XV )IRES&RETH Y, W) ORESMIIFEFITTEULIZb D
Th o7, NHREILE DI E NOANOs#RE & bR T LMK o7, 2D Enh, WITiAT D
DIN DK% % NO#NOs (Kl NO3) 23 HHTW\D Z E 253005, NH.IREE X EGEIAK R & TR 2
HARRTREDIT O DENKRE D572, PO IIMOSRFRYE & A~ TIJIIC L 2 REDITH DO E /N E D
o7z, SiO TR R & AR TRGEBIACR TEE S WIREAZ R L. —77, TREHDKFENTO Sio;
MR NE oz,

5. 4. 2 ETIORE

KELET NV RFEEA T —) [ZXDERBEOE R (AB16) LR=E (nmr0ll) (23617 5K,
WAy OFFAE L BIE O i 2 2 N2 h Fig. 5.4.2-1, 54.2-2 29, £, JEFWH - B, KEUHA,
JEGEIN 31T 7K'E OKIR, 5y, WA EESR, SBEH, Chl-a) OFFEE & BIHED g 2 Z 1 Z 4 Figs.
5.4.2-3~5.4.2-5, Figs.5.4.2-6~5.4.2-8, Figs. 5.4.2-9~5.4.2-11 |Z7R7".

® [EFEZ (JEO AB16)

AKIROBLE XA 2 FE A b2 R L, BUIME & HEMIBRR AL TV, L, Erbd)
HIZHT CTOERRE OKIRZBARFHE L T\ o, I N ThDE, RETO 3R % FEID KD K0
NEETINVCTIHEFHTHZ LN TE oo b 00, ERUBOE /O FRMEMITIZ 52 N TE
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e iBEZ (nmr011)
ETIVTIHEN S BT TOEREOKIRZ LB/ L T\ =b oo, Ziuigh o R 8 iE
RSB TE W, B oW TTEER 2@ C CRFRFIERE NSO N,

o EFEH-ERZL CERABS O AL1, R AL2)

KT R FHE b AR L, EOHARIZIEW TS @mWEBMEN GO, BB L TiIinZgs)
ZRATHNZbO?, 252 FES K5 REESIZE L TIHRTE TW R oo, IFMRAREIIRSE
Wb mE<, ZOBREFINT TP T 2BARALNT. BREWNIZENCTIHFEBMEN R Th -
2b DD, IR TIIKTFELUEDORE 2 &7 /L T/ NGl L Tz, NOs & Chl-a il L TIXET LV TF
WA ZHZ D Z LN TE TV, NHIREIZEEBNTIIET VL TRESEKGHEL T2 b DD,
JE AN CTIR R A & OB BEDMS S Tz,

® XERfB (GBA Stn 0, ;BH Stn 10, ZE Stn 6)

B (Stn0) 2B 2KIREHE S OFHMEILE DT b OO, HR~ERIZONTTO 7 I8l s
TARAKIRSC 11 H O I ET AV CTHPICHET 2 Z N TERD ST ShEMICIZIRSEAE L TR,
SEATHFSE (Komorita et al., 2010) & [RGB ALz, WA FRIREIIIIR 2 BH A (LIEA b7
Mofe. ETFATITHAO 4 H OEFBRFRE 2 KRE BRFHEL TWiz b & biz, HRTOKELRE
DY FE % it/ NG LTz, FEN 0 NO iR EE DOBLIMEIT 4 A 2~5 10 A 12230 THEIER IR (< 1 pmol
NLY THBELTEY, 11 A»D 12 AIXEEE G5umolNLY) Thote. T /A THREBROMBEmN R
SH7. NHAZBI L TiE 9 A5 10 FIZH T TEEMITIERGHE L TW e b oD, Zh S oRHITR
U7 BB ST,

® [ESEH (0 Stn 27, ¥kZEER Stn 15, HAER Stn 41)

AKIRIZABR R FH L Z R L, EOHPICEWTHmWEIER G L. BT WTIE, 9A L
10 H (FHARTE TIT 50 mm Z#E 2 HFEM)  (ZBUHI S AU 72 I B C ol 7 5> (<10) #E7 /L CfF
BPdHZ ENTE TR b0D, TRUNOKRHHIZOWTCIIEB A Z 5 Z ENTE 2. Wk
FIRE IR BEA I A bR o Tz, T AT, BERICOCERL REFHE(LERLEZ LD
O, MRBHELFRETH /. ET AV TIHERED NO (IR AL Z LB TETWEbo0, 10
umol N L1 A 2 5 X 9 ZRIREITRBLTE TR o 72, —J7, NOs & T NH O FR B I3 bl i) B 4T
Thol-.

5. 4. 3 XKEE - EREEEOFREMERD
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® ii-iEn
BUHIZ BT 5 4 A TRO LFHIRE & TR ORE OO —F% Fig. 5.4.3-1 12, KEHE DK}
A D—Bil % Fig. 5.4.3-2 |2/~

I - S

YRR (1969) 12k 2 &, EREBEORBICEBIT D FHEITE N T20~40cms?, &R T10~30cms?t, EHF

WORBIZIIT HHEHITIN N T 20~60cms? Th o7, T /L TIHE R (AB8) TOHANHITAI 35 cm
s, W0 (ALL) TORKFEITHK 45 cm st TH Y [FFLE OFEHNE STz,

A C I BRI O @ O KA DI LTz, s BB AT TR IS
A e N AEY=a IOV NP/ACY

KA i
B 5 (2010) 132005 £F 4 A FANZERE O ATLE A JE L, WESFE S OFEEEESE A (Stn0) T
19 cm st Fif%, W& (Stn10) T6cmsthifk, #HHE (Stn6) T2~4cmstHiE Tho7oLHE L TV D.
ETVCIEEEEEIE, Stn 0 T 30 em st Hi#, Stn 10 T5cemstiif4, Stn6 T3cmsiFiETH Y, HO
TOPLH Z LR KRFAf L T2 b D, HRA~EBIZH)NT TOEITBIE & REREZE TH - 7.
KB TIEE A D BERICHT THWES AR A DN b OO, EORREIIMOVKE & T
INE o T

JRSHE A

WARS (2007) 12X 2 &, EEEHOM N (S5 CiEEE - T8 - JEEOMChRmibEICEZ3 72 <,
FNAHDIFIZE BTN S TN E LT TRY, =2AF 27 U —ERSCNEEY 2~ o iEAa s T
e R (Stn27) 2B 5ERE, TE, KEOWRMEEZ 25 & FITHOTRNPHRE S, WAL L
AR DBE AN ET L THR STz,

TG C 1 T IR AR R VS O i 5 O /K DS BRAZI AT & THA L Cu 7z, WIBLE U1 A o0
MREL, W20 2 FED 2 ENREh oo, IEED S RIS T THES AR IEFICRE N &
DTG .

o ~L—HY—

WBENZETET 5 b L ——BORMZ(L% Fig. 5.4.3-3 12777, b L—H—EOMxHEL 1/e(=0.368)
2T 5 F Ol (e-folding time) (XJE M RIS H, KHUME T 11 A, BN TK 18 A TH > 7.
F7o, WENOBE T RICBIT AR A 25 &, BERMOM O~ KBAmREOE O ~EIITH
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IR N S, WKASRR R @72, — 75, BGEM IR AL 2 RV T, o 2 SO
E AT R AR WEANIZH ~ 72 (Fig. 5.4.3-4) .

o XEIE

K@ DA (NO3, NHa) IRIEDKFAm D2 (4 H, 8 4, 12 ) O—#il% Figs. 5.4.3-5~5.4.3-7
(R
JESE] - SV - NOs I 1A 4418 U CRIZEAA ) O I Cle b i o 7o, AFEZFRVWTE AN
BRI/ THRRE Th - 72, NHAIREIZEFICIIEE TR -2 b 00, BFELKEIIERTN, F

(IR T 7.

KHAGH - NOs IR EEITHRED LRI T TREBTR ) o 72, NHaIREEIZ 5 A6 8 I Talli T <,
Z LS OEEFNTFN O ) LT WG TRV EZ R L.

EUER : NOs iR IIEFE 2@ U T AE T <, HHEIT TRE KB Lz, FHIMIZITERIK
BIRS 2 o7z NHaREEIEZ 5 A2vD 8 HIZ/T TaETIR S, ZO®RL0MMd 2822 6.

o HBEAER

FJB D Chl-a J1E DKV DFEHZELDO—F % Fig. 5.4.3-7 1. EETIE, 4 AOH & H~_T
& Chl-aiRENEN>To. EFE~KFITNT TUIHORH T 10 ng LT A2 2V MEZ R L7z, 12 A
I - EARRCIRIRE Ch o 7. KBURE COZEMBRZE N E 2D L, BRANLER L L THER
HTRRm L RAMEMB BT, T U EGOE ETIEEFEEZE L TURIRE TH o7z, FHifIZIL6
Ab 8 HIZiT TR - 7o, B - RS TIXFHINICA D &, 9 A & 10 AIZaToem MET
bote. TNLSIORHNIIAEM TR, PAA BIRIC2T TE 25 Th o7z

W77 07 b - PR LT RE, (iR, A o B R Y 72 0 OBIF RO
FHIZL A ZN LI Fig. 5.4.8, 5.4.9, 5410 [T T. MM T T 7 b oL ERE L EARESEE O BUF
EIAEN TR ORIEE & X T RS o 7o, ERBEOBUFEIT EOWE TH EFICRKNEZ R
L7c. ZEMIM 72 B 7R O 2 TIEARGIBER & LTS o 7o, IEARGIEEE TSR Cm W EBLFE T
HY, FHEFE KBAEOT ) RGN TIIEBEOMA LY bEWETH 72

WO (W7 7 > 7 b, (P30, EAMGEEE) (T X D RAEE RICK T 2 B mE O % 5-
ROFHEE LD &, EOMBIZBNTHIFIER, (&R, EEARCIDEENERLTNDL LI R
K TH -7 (Fig. 5.4.3-11).

5. 4. 4 PERBRABEOEEIL
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FVUKMIC IS DRI 2R CREBIR) OFM D7 T v 7 2% Table 5.4.4-1 1T~ . JRFHH & EGH
W 5 EZR 6 OATR RE T 2 &, DIN IZEERSE RO 1.2 (5RRETH Y, DIPIZBL
TIERBETH 7. TN, TP THTHEGEHMO AR Em VAR ThH o7, KENOEMAEZIZ X D%
BEOMY IAHET, B EEERTIIT~ERR B L, KHHETIET ~ & & EREN RIRRE
TEnole. WD ORBEAMEIIS T 2 MEIC L2 ERREEITEFW & BEHTEHLHE 5~
10%FEE ThH -7z, RKEHDO Y — AL LTULEDOWHAICBWTH AR (K12 DON) D RICE 5 H D
Db o7, W75 O DIN fffa & & HEfEY 225 O DIN I E A T 5 &, IWHEDO T 1RE o
o, VUK & BEIK & OIEBRDEBOEFR T T v 7 A JIEb o2& 24, RN DIEEE, K
BHORFFE, BGEMNOIREB A~ ERIIREE LTI L TWe, FEICA D &, BT
FIRE DMK T2 HRIIIR R & B~ S AT 2B H Y, RNTEZL ORRNMHER S
Tz,

5. 4. 5 REFTEICHTIEE

VUK 31T 291 A fi B D 22 8) K OV S5 O AT IS 697 % Chl-a JREE & IR AR R D L B %
ZHNZEI Fig. 5.4.5-1, 5.45-2 12, I A EOEENKT 2 Chl-a BEDOIGE ITHLEMIZ L > TRE
KEZY, WAMOHAIEERENRE S, TOBMIIFRICEEY CHE Th o7z, —7, WrmRER
FEICIIRERZITA LT, @UVKSEE (>6mg L) 25HERF ST e, MRS OFEL B L)
ST E, SMERIOHLE Z B\ T Chl-a IR O RAEIF NG 2l m 23 A bivle. 7o, MR oA
I K DA RIRE OZLIZRER Th o 7. W)IAREOEINIXI LT, MH7 77 itk bk
A PE B TR R, JRGHH & B IS —RRICEE 2 T /e (Table 5.4.5-1).

5. 5 EE
5. 5. 1 ¥YE- - £PLFRBEOLE
o kifiEd - MAK—BKDEERE

FVUKIIC BT 2KIBONMICER T2 &, ERITWEE (BRE) LANEOKIRENEFICREND
EDRFFETH D, B EZIRNDINFEAKIL20°C 22 5 Z &3 Th 5 (fFk Fig. A-8). —J7, WIS (JH
YL IR D IMNEIK & O/ NE <, BOKIED RN -, HZRITITHH O RBZ R 521 25°C
UBEICH2% . ZHUS KD IKFEL R TORE RKIBEENTERSND.

B O KERE A T 5 & (Table 5.1.3-2), B > FM1 > KBATHE TH Y, RAKDOAR G
NIIUTHEST D, OO E D &, JE R CII AT £ TR AT DI T, A
FHTE THAH7RKITA AR ORVRNIC K > TRA SIS, 20728, BRI TIER)IIKD
RBIIRENTH D, —77, EGEH ORI — I THKITADEEN R 5D,
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EDOWHE O EEIKEITB L7 1~15m EKERIEFIZTER W=D, ETFEORENDETST V. JESE
DA B T FIFRIRFICI9E AR, BRI ITRIES RO S/mZ2~T b o0 (IR 5, 2011),
ER A =S AT A SN Sy WAL AN

o ETILORERILE TDHRE

JE VB OV AR ORI OOV TBLIME & IR Z i L & 24, FFEOEME S K ORI
(2B U CHRBIMERNME) o 72 (Fig. 5.4.2-1) . Z OZFERNZ DWW IO EH O FiE R O/ NEn, & O@
PHEE SR COKIE « M DIROVFEBIMEDR 2T b 5. EIE 7 /L Tld FRA-ROMS ORI 2 BT R 4t
e LTRBEIGET LV EZFATL, ZOFEMBEEZAWVTOMERET VOFERFMHEZEREEL TS, ER
BCIEA D DRI TRIE - (R ORFBE OR%, 1971) ORELZBZT 505, SRAW:
FRA-ROMS T Z Oip/EHlill A+t TE T ineEx bhd. BHD (2016) (X FRA-ROMS
T N— 2 CAEE AL BT D —EANFEREEE T AR L TRY, ZOMRENWD Z L Tih
I OY GO BB R LT 5 Z RIS,

5. 5. 2 PHEERBEOLE

o HHMDLE - HEMELKREHORBEIS VIR

SR PEE DRI T 2 R O KIS, AHM ORI X 0 A SN2 BRI LTz (Table
5.4.4-1). Nakata & Hata (1998) %, 7~ €42 AT 5 EIEROEAR TIET v EOMIEIZ LY g ST
T MU X ADSIRBEE N ERIEER OB /> TWDHZ EEBRML TV D, 7~ EOREEITKFIC R
%< (Yoonetal., 2011), BIZIZRLCWARWE DO Z ORIIL T ~ B HROREFE N L AR LT
AV

HERE) & AAERICTOREI T 7 v 7 AZEHT D &, NHay & PO ITHEREW 7> 5 AKHE~, NOs 13K
DHERRY) ~ Lk SN AEIIZ & 0, IRFEECOSEATIFSE (Trimmer etal., 1998) & RO R Th > 72.
DFEY, KEEN SR THREDIEL NHs & POy D Y — A, NOIE v 7 & LTERH LTS Z ERSND.
FD0, KEENOIEMAPER I & o TR CITHERI H> SIRH L2 38 2 R ICFI T & 28
B5123 5. Chesapeake Bay T, WM~ 7 v 7 v DEFEDEREITH LT 13~40% (Boynton & Kemp,
1985), 63~79% (Kemp & Boynton, 1984) NHEFEW) D> 6 D NHy DEEMIT LV 72T b, FEHEIK
7R3 1 m A5 D Rhode Island @ Potter Pond TlIE[FIERIZ 30%F2EE & U 9 fiEA3 Nowicki & Nixon (1985) 12 &
STHEEINTND. W7 77 2 K% DIN OBV ARBIZK T HHFED 5 O DIN OIFHEOE]
BILRS T 48%, KHUAH T 153%, JEGEINT20% TH Y (Table5.4.4-1), fEW 77 7 b DAEFEIC
JEAERPEEREEZ R L TNDZENTND.
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o A

JERH & KEARE Tld~ 77 % O T8 L GRS TO 7 ¥ VRN Tb T2 (f14k Fig. B-1).
BB R AR E OB R, REEOYEEEIC X 0 IR REROWBERRICKRE g EEr 525 (eg,
Newell, 2004) . 74 U KO~ HXIZ L DD T T 7 b OBRETEM T T 7 hrOoZn kb b k&
<, BMWEREZHZTWD ZERgND. £z, EEREO—MNHAEIHZ @ U CHRaEH & L Tl
LTkY, ZOEIIKEBEOELS RHIERICKOE N7, KBAMETIIEZRIZ, 7HIVICL Y FAEES
FUT2 SR O Koy 2 JE AR EEE SR LTy 2 & 23 Komorita et al. (2010) (2 & > THEMN D HLT
BY, TOMREBEERTH -7 (Table5.4.4-1).

5. 5. 3 BREEBEOLEK

T ORBIEARE LMY T T 7 b o OBEBEAEERDORBIIZIEOFBEAN A LD Z & N HEA
HESROV UK BESR  (Kemp & Boynton, 1984 ; Nixon & Buckley, 2002) THE SN T\ 5. — 5T, ¥k
R TG L7 A I I B RAW RIS 7T 7 b OB REOBE W E BT 52T+ Ty
ZEMEMSATV D (Borum, 1996) . AWFZE TITE I & BUER 2 5t 5 & LT, ARRISH)ID 6 DA
fif B 2 BN S W - AT AR PE B A) - L7z (Table 5.4.5-1). DIN JREEAMEL 725 5 AD 8 AIZhiF T
DT T 7 R DA RERREPRESHIRL TWD. 0k, {)llZiE U TOREHED
A EONMIINEDOAEFEZ FH H 2 LITD7MN 5. TIET, EHAFERN KIS WVIERIZ EREEN
ZUVMEIR R LD Z EDURETW S (Nixon, 1982). 72, ZOMHAITMB THLHER STV
(Oglesby, 1977 ; Downing et al., 1990). D72, Ih/F O EHEAPERE L RAES 5 2 L IFKEEROE
O THERREE VR, EEEELZZDAN=ALEZRLNITLHZERARTHD.

ikt - TR (2003) (%, ALHEEOECKIEBIZ BT D O AR OB N O IEREEEIC G- 2 5
WA R, MAERORAEEIIKT DI OFERITIEFIENZ L 2R Lz, GO IRE
IZR Y FAESNTRBIEIZ L2 —AFEIT THAEARE], RO HAE ST R BIEIC KX 5 —RAEFEIL D
APE] ERETND. BRI E L TNH ZFIMT 2602 AARE, NOsZFIHT26DEREEL TS
({HL, BEEICIINHs bR SHAE ST D). FAELERE & FAEEOTNIT DB AEFEDO I f b &
PRI DAY, 2 2 TIEHIT NOs & NHy DA A2 D AR EOREE L LTIV S b D &T 5. —fKI,
BRI B SAMEICB W T TED b ta SN D KREDACENOEMAEIC SO 581G (FH) 1310
~20%FEE & F T 5. San Francisco Bay TIEHEZFED 7 /L— AREFZIFK 50% & 5 <, ZALLAS D HifH]
I3 20%H(#% Td - 7= (Wilkerson et al., 2006) . & Sak L 72 PASHADIA R T & 5 8 I3, fHL7S 53%
ERWVWEIETHD W1+ BE, 1999). KIZIT/R L THRWA, 4 A5 D 12 AIZHF To f T 5%#i#4
RS, WM T T N OEFEITEICHAE SN2 NH IZ X 5Tz b T e, Lk - 7574 (2000)
ITHAEEDIZ L LV EITREFT N — LA L TERY, TA— A ABITHAEEEIIE L Z AL
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ABFFROFERIT N LS Th o7, fHONT A, I - SMEDS D NOs, NHa DGO 3
MOHEFREY T OEE 72 NHa 22 <UL, ARFEICEYR S® 57 ~E (Oshimaetal, 1999), NH, DOHEHHE
FEDOREWIGREY &M M HE (U=, 1992 ; Magni et al., 2000 ; Newell, 2004) DIFAE D 2 %252 11 T4k
THHLOTHD.

AWFFETIE, IO EEIIRELSHFELTWDL EEBEZ LMD EINENODREBET T v 7 A%
AL UL, REHOMGHEE LTI E72T T2 <RA (Scudlark & Church, 1993 ;
Prospero et al., 1996) <°Hfi F7K (SGD ; Zektser & Loaiciga, 1993 ; Moore, 1996 ; Taniguchi et al., 2002 ; Saito
& Onodera, 2009) HIF(ET 5. FRIZHI F/KZ M U CORFEBRA~DORER 7 7 v 7 A R)INCICET 5
(Slomp & Cappellen, 2004 ; Kroeger etal., 2007) & OHELH Y, i O EOE B REBEIFR
AT 5 ECOSBROBETHS.

5. 5. 4 FANAGEOCERICHT HIEE

BT AOFRERNGIX, I AR EOFEINT & L CTEFEANO NOs i IR E <M L7228 Chl-a 2
(21 NO3 1E EBRSL » T2 BN E L T e o 72 (Fig. 5.4.5-1). Z DO X 5 RISEDERIZONWTOERE
K& LT, O—RiEEE @777 PR B ICXD2mWHREDHE, OWH7Z7 7 b
> @ DIN (NHs, NO3z) OFFFEDEYY, Q@KIRIC X DAERMIROIFIE, NEZDND.
O—RHBEI L DEVHBIEDE : —RIEEE @7 707 b, ZKEHE) OEEREITRIEA
T EOBEIMIIG U T2 T\ e (Table55.4-1). 07w, $E LM T T 7 v N7 7> 7 b
VRTHBEMICEBIEAIND Z LICKD, B omBEAICENR TN ERG0nD. R
TIHEWAEYEO K EBEOFEICE > T, KD Chl-aBENMESMAONTNDHZE, £ L THENKE
BIC LTI 7T > 7 b OiEZ IR L T\ D Z LAVRS L.
Q77+ 7 k@ DIN OFHFFEOE 7T 27 b 1E NOs K0 b NHa &3 IREYICE Y A Te
238 5 Z LN HNTWD (Conway, 1977 ; Dortch, 1990). NH41E NOs & 0 §3& 72 7-9, L0 #E
TN T T v 7 N AT END. ZiuE, NOs ZFIHT 28413 T NOs & NHs IZE T3 5
VENRBHY, L0 LEOTRVLX— &L O - HERRTHER R ENNELRDLTDTHD. i
2k, KEF/ALTH Wroblewski (1977) 124\, NHg 23R RACH D AT R 28 LT 5. )11k
D NH RE TN ORE L 1TRE S ED S, EEMMNICIIT 2 NH, O =240 E L TR o/
AFERER STV D (lizumietal., 1995) . )12 DA M S 1D EHEIT NOs BAKE /& Hd DA (Table
5.3.3-2), FRETHIUENO: LV & NHs DG BAEFEICTHFET 2 Z L1272 5.
@AKIRIZ K B A RAMROFAAE : £ ZF OARKIEFF IS 1T AR EOEEIT KT 5 Chl-a M OAEEMEDISE T
HENTHoT=. ZDOLEOFRBEBEIIEWVLOO, KENIEFITIEN DA REEMELS A b
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TV, KRBT EBIEINICEE T D KO ICRE L TV D7), KR TIERE IEERNK T2
Z eI .

A B O3 U CIEFEMNOAERE BN L TWD 72, A EOZENIRT 2 0B I XEEE 72
REZEDECITS WAREMED & % Chl-a 2 Tlde < HEEAEER L WO B TRMET 5 Z & MFE LW
EEZLND. WG L IIINEND ORBHAMBELZHD SETLE T, JERIN O A EM: D s
CRESWDT 2 Lotz T, RNOEEYOBEAEEICLDEZANKENLEEZILND.
IKIEDEHRTIE, KN THEEBMI R0 ST IR E TR L 2 0%, HERMN CRER
~ERESND. [HBUKH O NHa, POsIREEITHERME O Zh & EE_TEI D NITEmW o, JREic k-
TR 5. oF 0, HEDITAEEHOY 7 LT, iz, EXREO Y —2L LTH Z &R
Zu. A (I, SNE) b OARTERNED Lz & &, FHIEICITAEENEDN & DR S 573,
EHIMITEED D ORBEEIFESBAD L, AEEBREIKTTL2EB8E2LN5. BEOET
IASHOKIIDFAEC LY, 4 H6 12 AETORE LTI ZENTERY. 20D, S%EEIR
HEZ A CTE2ETVORBERRDHND.

125 OWF 72 ARTIZ L VIR FREROBRED BT 2 F00 B L <G SnTnded (B2,
Rabalais et al., 1996 ; Cloern, 2001), KEAKKAFENE, MIRAEFEZEDOEBIZONTHEE L, Hx of]FH
REICL > TOBEYRAMBICOVWTRAT L ZENEETH .

\

5. 5. 5 BEEREOEVICHTILE

TwEEZIILDE LI EFAO SRR E T B - & 1K E < (Short & McRoy, 1984 ;
Pellikaan & Nienhuis, 1988 ; Lepoint et al., 2002), kT IIT 2 RBHEIREICRE REEL HEZTVWD
(Oshimaetal., 1999). 7~ EIZMA THEBRBIZ L D2 REBEBOW Y AL ELEH TE VI ELL, B
ERBRICKE LS FELTWDZ L85 (Table5.4.4-1) . MFHIESOFMEEER Lo 1254, Y
7T MR DRBEHORY IAKZEIIRE ML, ZOEIEITEOWINE b BLYLIIx LT 1.5 [FRAE
Th o7z (Table5.5.5-1). MHEOHEEIZ ED DT ~EHOEE X 60~70%H1% & &< (8% Fig. B-1),
BARIZB T 2 EBRASN—AOBFREITEMAEEE OF TRLE 1 o7z, RGN IR FROARERIC
RETHENIZHETH Y, THLOERNZFMIIES TRV, L LAETMICE - T, Rtk
OB HUEEBRESG OIS RO B WAEEEEZ XX TWD ZERT I ENTE,

5. 5. 6 NPREBOEEROBEHNYELIHE

AT TV TIIABATECEGEIIZ 31T 5 Chl-a JRE O FHMEICHEEILH 5 b DO (Fig. 5.4.2-8, 5.4.2-11),
BT R D EE NSO B A5 DI/ L C/REED Chl-a 1T ER-TAAZR Lz, LaLARR D, AN
O PSP THEE RIS A B 5 K 5 2@V Chl-a IREN A 208 U THEFF S D 2 L1372 <, tho/KE
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BIZHEZ D BIHBRET 5L OICRENTH L LEZADND. BUEM TIIMD 2 SOMB LT, &
FFALCEG O & o TBREEEIZ R L CKEED Chl-a JBEEA LR Lo W Em 2R Lz, Z OB H
kbf,ﬁw@m§@$<ﬁg&me,mm4)kﬁwﬁﬁEﬁ$HEMé.ﬁm§@$ﬂﬁ<,%ﬁ%
REBECIINEY 7 7 > 7 N U LT W EREEDS IR S D ()R - £, 1995 ; Schinder, 2006) .
ZC, B OW Tl O AREEIRE OW K OB L Z TR0 W e, foa & A TERE L
LT W &5, £, BEMEEKERTISWEREZWEY 77 7 N UBHRICE X, TEY
Ty hrgEEbary han— LT 5EMRH 5 (eg., Officeretal., 1982). ZD7=®, FEFEMTII~ ¥
T WY OFEIC L > TEREBICOEENREN TH D Z LBHN 5.

KFGIRIZ 31T DBl COWAFIERIREIIM L TR < (Fig. 5.4.2-4, 5.4.2-7, 5.4.2-10), BESLo7-iRED
BAIFET TR oTe. DT EMnh, BRBIITKT DEFREHRREDOEBNTHRZER DT
bHEVWZ D, seld (1UAS, 2009 ; fnH 6, 2011) <2, {EVA (BH - B, 2007), E4#1 (IaH G,
2010), i (GBEE D, 1997) LW o END % < OV UK CEBFKILO R AENRE L 725 7000 C, &
SR TIFETERITIE L TRV, ZOHHEE LT, KEOES GHEEAOKREE) "Ex1bh
5.

JE I & JRGHLEA C U3 A B O HEINT & U CRGiEE R O A FEME S ) B9 2 5 RA3 b7z (Table
5.4.5-1). AZFRZERVTHN OSBRI ERER & TR 2D, 106 ORFEF OHHEIC &
S THHIBEROARMEES LD . TIVET, —RAEEN L IECEAFEMEOMIZITFHEAR A LD & D
N D Z L5 (Oglesby, 1977 ; Nixon, 1982, 1988 ; Downing et al., 1990), 2 72 & faf & O HITRI XA 2%
EPEDHEFHCITIF E LS RN EBZZ DD, BEEIROEPEM 2 X3 2 B RIT—RAEREZ T TIXR W
72, WG E DRIk DA% & N OARERDISEIZ DWW TIIEE R A LE TH 5.

KR 2 DI I O R O FefE & LT LWQI (Giordani et al., 2009), TRIX (Vollenweider et al., 1998),
ASSETS (ASSETS, 2009) 72 EAMEME SN TE 7. MBI TIET v BHOAEIC L » TEFORERRE
DMEKETHER L TS & & b1, i &t A OB REIC I VI KFED Chl-a RE IR b
TV, 207, KEBZET 2E1E, EEROKEEOEEZT TR, BENEIM LIS
EZOWTHRMEDHZ ENMETHD. BRFRIZB W CHEI L TW D BEICINZ T, fFRIIC
ESINDMEITEHIRIC L > TRESER DL EZEXOND. ZDO1YD, Mt =4 1 7 kUHIHE
Vialb—TarEB U CAERROMIIELZFHME L, ZOMEICRT I FREM L 2BLENOHRET LT
WS 2 EBBEIRORNEEZEZZ D ETHETHS.
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Table 5.1.3-1. Summary of geographical features of Akkeshi Lake, Hichirippu Lagoon, and Furen Lake

Akkeshi Lake Hichirippu Lagoon  Furen Lake
Surface area 31.80 km® 3.56 km® 56.38 km’
Boundary length 24.8 km 16.4 km 93.5 km
Mean depth ca.1.5m ca.1.0m ca.1.0m
Max. depth in lake ca. 10 m ca.3m ca. 13 m
Width of lake-mouth 450 m 75m 1000 m
Contiguous zone Akkeshi Bay Pacific Ocean Nemuro Bay
Catchment area ND 20.64 km® 1054.83 km*

Table 5.4.4-1. Summary of annual (April to December) nitrogen (DIN) cycle in Akkeshi Lake, Hichirippu Lagoon,

and Furen Lake simulated by the model

Processes in water column DIN flux (ton N year™)

Akkeshi Lake Hichirippu Lagoon Furen Lake
Photosynthesis by phytoplankton -1346 -20 -4628
Photosynthesis by eelgrass -4360 -92 -6658
Photosynthesis by epiphyte -2853 -93 -3296
Respiration by phytoplankton 95 2 784
Respiration by eelgrass 974 38 1527
Respiration by epiphyte 621 27 946
Excretion by zooplankton 90 2 642
Excretion by oyster 218 1 0
Mineralization of DON 3294 83 5762
Mineralization of PON 500 20 1264
Release from sediment 642 30 939
Supply from rivers 270 0 304
Inflow from bay to lake -182 -2 91
Processes in sediment DIN flux (ton N year'l)

Akkeshi Lake Hichirippu Lagoon Furen Lake
Photosynthesis by microphytobenthos -3078 -76 -1460
Respiration by microphytobenthos 323 18 237
Excretion by clam 2768 60 0

Table 5.4.5-1. Variation of annual (April to December) primary production by phytoplankton to various river

loading in Akkeshi Lake and Furen Lake simulated by the model

Region River loading

25% 100% 400%
Akkeshi Lake 1.11 1.26 1.63
Furen Lake 4.17 4.61 5.92

(Unit: Gg Cyear™)
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Table 5.5.4-1. Comparison of annual (April to December) amount of phytoplankton grazed by zooplankton, oyster,

and clam in Akkeshi Lake and Furen Lake simulated by the model

Region Grazing rate of phytoplankton  River loading
25% 100% 400%
Akkeshi Lake  Grazing by zooplankton 220 225 239
Grazing by oyster 1147 1257 1571
Grazing by clam 2751 2768 2852
Furen Lake Grazing by zooplankton 1450 1532 1672

(Unit: ton N year™)

Table 5.5.5-1. Comparison of annual (April to December) nutrient (DIN) uptake flux by phytoplankton under the
presence of vegetation and the absence of vegetation in Akkeshi Lake, Hichirippu Lagoon, and Furen Lake

simulated by the model

Region Presence of vegetation Absence of vegetation
Akkeshi Lake 1346 2710
Hichirippu Lagoon 20 54
Furen Lake 4628 7348

(Unit: ton N year™)
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Fig. 5.1.3-1. Study area (Akkeshi Lake, Hichirippu Lagoon and Furen Lake).
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Fig. 5.2-1. Location of study area and sampling stations in (a) Akkeshi Lake and Akkeshi Bay (AB8: bay-center,

ALL: lake-mouth, AL2: lake-center), (b) Hichirippu Lagoon (Stn 0: lagoon-mouth, Stn 10: lagoon-center, Stn 6:

lagoon-back), and (c) Furen Lake and Nemuro Bay (nmr011: off Nemuro, Stn 27: lake-mouth, Stn 15: narrowed

area, Stn 41: lake-back). Scale size of each figure is different.
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Fig. 5.3.1-1. Model domain of Akkeshi and Hichirippu (a) and Furen model (b) and location of inflowing rivers.

The dashed and solid lines indicate open boundary for large domain model and small domain model, respectively.
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Fig. 5.4.1-1. Box plots of (a) NO2+NOgs-N, (b) NH4-N, (c) PO4-P, and (d) SiO-Si concentrations (umol L) in
Bekanbeushi (Bek), Obetsu (Obe) and Oboro (Obo) River for Akkeshi Lake basin and Furen (Fur), Yausyu (Yau)
and Ponyausyu (Pon) River in Furen Lake basin. Box plots depict the median (line within the boxes), 25th and 75th
percentiles (lower and upper edges of the boxes), and 10th and 90th (lower and upper error bars) of the data. Data

for Akkeshi and Furen were obtained from Abe et al. (unpublished) and Montani et al. (2011), respectively.
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Fig. 5.4.2-1. Modelled (solid line) and observed (square) surface and bottom water temperature (a) and salinity (b)

at AB16 (bay-mouth) of Akkeshi Bay from April 2014 to December 2014. Model results were hourly output.
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Fig. 5.4.2-2. Modelled (solid line) and observed (square) surface and bottom water temperature (a) and salinity (b)
at nmr011 of Nemuro Bay from April 2011 to December 2011. Model results were hourly output. Observed data

were obtained from Hokkaido Research Organization, Fisheries Research Department.
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Fig. 5.4.2-3. Modelled (solid line) and observed (square) surface water temperature and salinity at AB8 (bay-center),
AL1 (lake-mouth) and AL2 (lake-center) in Akkeshi Lake and Akkeshi Bay from April 2014 to December 2014.

Model results were hourly output.
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Fig. 5.4.2-4. Modelled (solid line) and observed (square) bottom dissolved oxygen concentration at AB8
(bay-center), AL1 (lake-mouth) and AL2 (lake-center) in Akkeshi Lake and Akkeshi Bay from April 2014 to

December 2014. The model results are expressed as daily mean values.
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Fig. 5.4.2-5. Modelled (solid line) and observed (square) surface nitrate+nitrite, ammonium, and chlorophyll a

(Chl-a) concentrations at AB8 (bay-center), AL1 (lake-mouth) and AL2 (lake-mouth) in Akkeshi Lake and Akkeshi

Bay from April 2014 to December 2014. The model results are expressed as daily mean values.
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Fig. 5.4.2-6. Modelled (solid line) and observed (square) surface water temperature and salinity at Stn 0
(lagoon-mouth), Stn 10 (lagoon-center) and Stn 6 (lagoon-back) in Hichirippu Lagoon from April 2007 to
December 2007. Model results were hourly output. Observed data were cited from Komorita et al. (2012).
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Fig. 5.4.2-7. Modelled (solid line) and observed (square) surface or bottom dissolved oxygen concentration at Stn 0
(lagoon-mouth), Stn 10 (lagoon-center) and Stn 6 (lagoon-mouth) in Hichirippu Lagoon from April 2007 to
December 2007. The model results are expressed as daily mean values. Observed data were cited from Komorita et

al. (2012).

134



Stn 6 Surface NO; (umol N L) Stn 10 Surface NO; (umol N L) Stn 0 Surface NO; (umol N L)

10 10 10 -
8 - - 8 8 -
6 - 6 6

| ]
4 4 - 4
2 - 2 - 2

u-—lv-—ﬂ—v-l-w#ﬂﬁ 0 -

A M J J A § O ND A M J J A S O ND

Stn 6 Surface NH, (umol N L) Stn 10 Surface NH, (pmol N L)) Stn 0 Surface NH, (umol N L)
10 10 10
8 - 8 8
6 | 6 6 -
4 - 4 4
2 2 . 2

|
'} .I T T T '} L L T T T . T T 1 '} T T T 1
A M J J A S O ND A M UJ J A S O N D A M J J A S O ND

Stn 6 Surface Chl-a (ug L)) 10 Stn 10 Surface Chl-a (ng L)) 10 Stn 0 Surface Chl-a (ug L))
10
8 8 8 -
6 6 6
4 4 4 - m

= ]

2 2 2 L. =
0 0 . 0 : =5

AMJ J ASOND AMJ J ASOND AMJ J A S OND
Fig. 5.4.2-8. Modelled (solid line) and observed (square) surface nitrate+nitrite, ammonium, and chlorophyll a
(Chl-a) concentrations at Stn 0 (lagoon-mouth), Stn 10 (lagoon-center) and Stn 6 (lagoon-mouth) in Hichirippu

Lagoon from April 2007 to December 2007. The model results are expressed as daily mean values. Observed data

were cited from Komorita et al. (2012).
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Fig. 5.4.2-9. Modelled (solid line) and observed (square) surface water temperature and salinity at Stn 41
(lake-back), Stn 15 (narrowed-area) and Stn 27 (lake-mouth) in Furen Lake from April 2011 to December 2011.

Model results were hourly output. Observed data were cited from Tsuji & Montani (2016).
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Fig. 5.4.2-10. Modelled (solid line) and observed (square) bottom dissolved oxygen concentration at Stn 41
(lake-back), Stn 15 (narrowed-area) and Stn 27 (lake-mouth) in Furen Lake from April 2011 to December 2011.

The model results are expressed as daily mean values. Observed data were cited from Tsuji & Montani (2016).
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Fig. 5.4.2-11. Modelled (solid line) and observed (square) surface nitrate+nitrite, ammonium, and chlorophyll a
(Chl-a) concentrations at Stn 41 (lake-back), Stn 15 (narrowed-area) and Stn 27 (lake-mouth) in Furen Lake from
April 2011 to December 2011. The model results are expressed as daily mean values. Observed data were cited

from Tsuji & Montani (2016).
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Fig. 5.4.3-1. Examples of horizontal distribution of surface current in flood tide (left panel) and ebb tide (right
panel) in Akkeshi (top panel), Hichirippu (middle panel), and Furen (bottom panel) in early April simulated by the

model.
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Fig. 5.4.3-2. Examples of horizontal distribution of surface salinity in flood tide (left panel) and ebb tide (right

panel) in Akkeshi (top panel), Hichirippu (middle panel), and Furen (bottom panel) in early April simulated by the
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Fig. 5.4.3-3. Time variation of relative tracer amount in Akkeshi Lake (a), Hichirippu Lagoon (b), and Furen Lake
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(c). Dashed lines indicate the value of 1/e.
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Fig. 5.4.3-4. Horizontal distribution of flushing time (days) at each grid in Akkeshi Lake, Hichirippu Lagoon, and

-

Furen Lake simulated by the model.

Fig. 5.4.3-5. Horizontal distribution of surface NO3 concentration (umol N L) in Akkeshi (upper panel),

Hichirippu (middle panel), and Furen (bottom panel) in April, August, and December simulated by the model. The

model results are expressed as monthly mean values.
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Fig. 5.4.3-6. Horizontal distribution of surface NH4 concentration (umol N L) in Akkeshi (upper panel),
Hichirippu (middle panel), and Furen (bottom panel) in April, August, and December simulated by the model. The

model results are expressed as monthly mean values.
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Fig. 5.4.3-7. Horizontal distribution of surface Chl-a concentration (ug L) in Akkeshi (upper panel), Hichirippu
(middle panel), and Furen (bottom panel) in April, August, and December simulated by the model. The model

results are expressed as monthly mean values.
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Fig. 5.4.3-8. Horizontal distribution of phytoplankton (PHY) + resuspended microphytobenthos (SBA) biomass per
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unit area (mg Chl-a m2) in Akkeshi (upper panel), Hichirippu (middle panel), and Furen (bottom panel) in April,
August, and December simulated by the model. The model results are expressed as monthly mean values.
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Fig. 5.4.3-9. Horizontal distribution of epiphyte (EPI) biomass per unit area (mg Chl-a m2) in Akkeshi (upper
panel), Hichirippu (middle panel), and Furen (bottom panel) in April, August, and December simulated by the

model. The model results are expressed as monthly mean values.
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Modth=04

Fig. 5.4.3-10. Horizontal distribution of microphytobenthos (MPB) biomass per unit area (mg Chl-a m) in

Akkeshi (upper panel), Hichirippu (middle panel), and Furen (bottom panel) in April, August, and December

simulated by the model. The model results are expressed as monthly mean values.
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Contribution

Fig. 5.4.3-11. Seasonal variation of contribution ratio by each primary producer (phytoplankton PHY, epiphyte EPI,
and microphytobenthos MPB) to total microalgal production in Akkeshi Lake, Hichirippu Lagoon, and Furen Lake

from April to December simulated by the model. Model results are expressed as monthly mean values.

143



< =14
=2 I %L 12 -
£ E 8
2 ¢ s ¢
= i
s 3 g 47
iy 22 A
g o g o
Oli ‘ Sta ‘ Eut | Oli | Sta |Eut Oli ‘ Sta ‘ Eut Oli ‘ Sta ‘ Eut | Ol ‘ Sta ‘Eut Oli | Sta | Eut
ABS All Al2 ABS ATl Al2
Akkeshi Bay Akkeshi Lake Akkeshi Bay Akkeshi Lake
= 15 - 16
i 3
s 129 E 12 -
= -
i Zo SN=R=N=N-gE
£ E 8
; 6 _ % E ﬁ _
= ot
c 3] £ 4
g 22
S o =
Oli ‘ Sta ‘ Eut | Oli | Sta |Eut Oli ‘ Sta ‘ Eut Oli ‘ Sta ‘ Eut | Oli ‘ Sta ‘Eut Oli | Sta | Eut
Stn 41 Stn 15 Stn 27 Stn 41 Stn 15 Stn 27
Furen Lake Furen Lake

Fig. 5.4.5-1. Variation of depth-averaged Chl-a concentration range (left panel) and bottom dissolved oxygen
concentration range (right panel) to river loading changes (Oli: oligotrophication case, Sta: standard case, Eut:
eutrophication case) in Akkeshi Lake and Bay (top panel) and Furen Lake (bottom panel) simulated by the model.
Box plots depict the median (line within the boxes), 25th and 75th percentiles (lower and upper edges of the boxes),

and minimum and maximum (lower and upper error bars) of the data.
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Fig. 5.4.5-2. Variation of depth-averaged Chl-a concentration range (left panel) and bottom dissolved oxygen

concentration range (right panel) under presence of vegetation (PV) and absence of vegetation (AV) in Akkeshi

Lake and Akkeshi Bay (top panel), Hichirippu Lagoon (middle panel), and Furen Lake (bottom panel) simulated by

the model. Box plots depict the median (line within the boxes), 25th and 75th percentiles (lower and upper edges of

the boxes), and minimum and maximum (lower and upper error bars) of the data.
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A (REBETIL)

JRENE T V1T Princeton Ocean Model (Blumberg & Mellor, 1987) % -X— 2 & L, KRZ1(L, WNEH),
SREKRDTEN, FIKOTAZ BB L= DL o T 5D, $hE TR OMEREMELRE - mEIEERENC
Mellor-Yamada L /L 25 %, KFEHMNIZIL SGS €7 /LA LT % (Mellor & Yamada, 1982). AE
TV BER OB DT80, KALEKFEFROWET 7 v 7 A% R TatE T 288 — R

(external mode) &, $RELN T LN OENZFHE T HWEE— F (internal mode) THERL S LTV 5

o HNIDFHE

Wi 28 U COBOHAY Q (cal cm?sec?) (21X, K526 OB HH Qs (short wave radiation), ¥
7B DIERO R E I Qe (long wave radiation) , /K & KA DEAM I 1236 1T 2 6 Jii-CAmET K 2 BB 2%
Qu (sensible heat transfer), /K DZEFEIZ K A EERE Qe (latent heattransfer) @ 4 SO BH Y, LT
DORIZLVRDHBND (Hiroseetal.,, 1996). 7235, VK 218 L COBSHITZE L T, BUSC D
SR CTHWZ/XT A —% % Table A-1 12”7

Q=Qg _(QB +Qu +QE)

1
= —— . — = .107*.10% . —— . (1—ref
Qs = Qs0 dleng 86400 4.19 ( )

Qg =s-o-(T, +273.15)* -(0.254 —0.00495 -E, )-(1—c-C)+4-s-o-(T,, +273.15)° -(T,, = T,)
Qu =C4-pa-Cy '(TW_Ta)'W 0.1

Qe =L-p,-Cg (qs _Qa)'W

E,=E;-hu

E, =6.1078 1075Ta /(2873+T)

p, —1203. 231 R -[1—0.378-5J

T, +273.15 1013.25

a

0.622 - E,
P, —0.378 - E,

S=

0.622-E,
P, -0.378-E,

a:

® KIRZDFE
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SHEGEIN O K DRFEDO B &L, WIS OWKFRA R, HEE~OFREKE, WD D ORKD7EFE
2, MNE~OUEKFEE, MBS OWKTRARIZL > TROBND. 2B, KET/VTITWHENS D
T AKOFWAITERE L TR0,

& [RFHDERTE
K[EFD AMeDAS  (http://www.data.jma.go.jp/gmd/risk/obsdl/index.php) 7> & 4&E, Bk, LA EHE,
FHAHRE, E&, KKEO L1 HS LT LREREOBIIEELZ, £, BifgEoSXAEfEeT L
(http://agrid.diasjp.net/model/solar-radiation/?gui=station&lang=ja) 7> 4K H H B O HEE %2 B L7z
(Table A-2). JEfF, KHAn, BEAEIZHT DEFEMGFEDORR T A =X O LB ZZnLh Fig. A1,
A2, ABITRY. pds, FRFRTEFE—OXERJMEE2E X, BTHOZEFABIEHLL TR0,

o AIIFRE - KEBDERTE
BN AN I T 2 /K O] )13 8 RDgex (M3s1) 1% Yoon et al. (2011) 7> 5 #HH 5% 0> 168 B
BT CORMBMBKE Prigg (mm) Z2HWTUToORICL Y 1EREOEEZHEE L.

RDg,, =0.335-Pryg, +14.57

RN, B, b2 A, B OFEIC OV TR ) & ofikimis (oZ€in 41l « 378.97
km2, K5I : 38.68 km?, MR : 29.30 km?, & A )l : 19.561 km?, HUAII - 7.59 km?) FHeasHHH
L7z, 7ed, EEHORIIFEITRP S (2003) 22ZIT5EHRE L.
KR DIKIE (3IF€0 )1 2 RTee, KB - RTove, JRIR)I : RTobo, JEGE)I @ RTrur, Y732
JI: RTvay, WY 221 RTpon, BIME)I 2 RTeer) 13, FHARTS HHOSIE DI ATz
(°C) & IKILDFEHRNE RTovs (°C) DEAFREL (Figs. A-4, A-5) 75 1R OEAZHEE L7z (Table A-
3).

RT =a- AT,y +b

KHATHEIZE /NI (7 ) —27) OKIBITRATH 772, JRETBO R & R UXUZ Tk
HaeBM Lz, ok, THVKENREFE IR o8Ik EFEEZE L.

o FRRRDHMLNELE
PRELFUCIS 1T 2N L BYE T2 4 30 (Table A-4) 2»BRIILTH AT
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o FHEADKE - ENDEE

REIET LV (IRFIRA 7 —/V) OFEERICEB T D458 OKiE, #5713 FRA-ROMS
(http://fm.dc.affrc.go.jp/fra-roms/index.html)  DFHEFER A 7z (Fig. A-8). —J, /MEEET LV (VUK
WA —v) OBFSERICET 288 OKIR, HEERERET VOFEME»DEE L (Fig. A9).
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Table A-1. Parameters used in the heat budget calculation

Symbol Definition Value Unit

Qso amount of global solar radiation calculation MJ m? day™

dleng day length calculation no dimension

ref albedo 0.07 no dimension

S emissivity 0.96 no dimension

o Stefan-Boltzman constant 5.7x10° wm? K*
1.35x10™2 calcm? K* sec™

Tw surface water temeprature calculation °c

Ea water vapor pressure calculation hPa

c cloud cover coefficient 0.65 no dimension

C cloud cover (0-1) JMA observation no dimension

Ta air temperature JMA observation °Cc

C. specific heat of air 0.24 calg’ K*!

Da air density calculation kg m=

Chx bulk transfer coefficient of sensible heat 1.1x10°° no dimension

w wind speed JMA observation  m sec™

L latent heat coefficient 586 calg”

Ce bulk transfer coefficient of latent heat 1.1x10° no dimension

gs saturation specific humidity calculation hPa

Ja specific humidity at water surface calculation hPa

E, saturated water vapor pressure calculation hPa

hu Relative humidity (0-1) JMA observation no dimension

P. sea-level pressure JMA observation hPa

Table A-2. Meteorological data acquisitioning point from AMeDAS operated by Japan Meteorological Agency
(JMA). Solar radiation was estimated by the model (http://agrid.diasjp.net/model/solar-
radiation/?gui=station&lang=ja) and the others were obtained from observed data by IMA

(http://www.jma.go.jp/jma/index.html).

Meteorological parameter ~ AMeDAS station Time step
Akkeshi Hichirippu Furen

Air temperature Ohta Sakakimachi  Nemuro 1 hour
Wind direction Ohta Sakakimachi ~ Nemuro 1 hour
Wind speed Ohta Sakakimachi  Nemuro 1 hour
Precipitation Ohta Sakakimachi  Nemuro 1 hour
Air pressure Kushiro Nemuro Nemuro 1 hour
Relative humidity Kushiro Nemuro Nemuro 1 hour
Cloud cover Kushiro Nemuro Nemuro 1 day
Solar radiation Ohta Sakakimachi ~ Nemuro 1 day

Ohta (43°05.4' N, 144°46.7' E), Kushiro (42°59.1'N, 144°22.6' E)
Sakakimachi (43°07.2' N, 145°06.6' E), Nemuro (43°19.8' N, 145°35.1' E)
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Table A-3. Parameters used in the calculation of water temperature

Area River a(°ch b (°C)

Akkeshi basin ~ Bekanbeushi River 0.81 2.47
Obetsu River 0.84 2.72
Oboro River 0.83 2.88

Furen basin Furen River 0.51 7.26
Yausyubetsu River 0.81 3.42
Ponyausyubetsu River 0.67 4.00
Bettoga River 0.97 1.27

Table A-4. Tidal forcing conditions at open boundary. Data were obtained from Japan Meteorological Agency

(http://www.data.jma.go.jp/kaiyou/db/tide/suisan/station2016.php)

Tidal component  Parameter Value
Akkeshi" Hichirippu’>  Furen®

M2 Period (day) 0.51753 0.51753 0.51753
Amplitude (m) 0.2896 0.2859 0.3050
Phase (degree) 105.82 105.20 104.77

S2 Period (day) 0.50000 0.50000 0.50000
Amplitude (m) 0.1340 0.1321 0.1411
Phase (degree) 145.94 149.96 149.82

K1 Period (day) 0.99727 0.99727 0.99727
Amplitude (m) 0.2506 0.2179 0.2351
Phase (degree) 168.39 162.58 172.82

01 Period (day) 1.07581 1.07581 1.07581
Amplitude (m) 0.1904 0.1729 0.1849
Phase (degree) 141.45 160.06 146.31

1: at Kushiro (42°59' N, 144°22' E), 2: at Kiritappu (43°05' N, 145°07' E)
3:at Nemuro (43°21' N, 145°35'E)
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Table A-5a. Calculation condition of model for Akkeshi (Chapter 2)

Horizontal coordinate

Coordinate system

Cartesian coordinate system

Grid number

42x23

Grid spacing

500 mx500 m

Vertical coordinate
(water column)

Coordinate system

sigma coordinate

Division number

4 equidistant layers

Calculation period

2010/4/1-12/31

Time step

External mode

1s

Internal mode

30s

Boundary condition
(meteorology)

Temperature, Humidity, Cloudiness,
Wind, Precipitation, Air pressure (AMeDAS)

Solar radiation (Estimated from model)

Boundary condition Tide Calculated from M2, S2, K1, O1
(open boundary) Water temperature  |FRA-ROMS

Salinity FRA-ROMS
Boundary condition Discharge Estimated from precipitation
(river) Water temperature  |Estimated from air temerature

Table A-5b. Calculation condition of model for Akkeshi, Hichirippu, and Furen (Chapter 3, 4, 5)

Akkeshi | Hichirippu | Furen
Horizontal coordinate Coordinate system Cartesian coordinate system
(small domain) Grid number 42x23 75%43 77%36
Grid spacing 475 mx475 m 75 mx75m 300 mx300 m
Horizontal coordinate Coordinate system Cartesian coordinate system
(large domain) Grid number 116x82 176x110
Grid spacing 250 mx250 m 300 mx300 m

Vertical coordinate
(water column)

Coordinate system

sigma coordinate

Division number

6 equidistant layers

| 3 equidistant layers |

5 equidistant layers

Vertical coordinate

Coordinate system

level coordinate

(sediment) Division number 20 layers (0-15 cm)

Calculation period 2014/4/1-12/31 2007/4/1-12/31 2011/4/1-12/31
Time step External mode 2s 0.3s 0.6s
(small domain) Internal mode 60 s 9s 18s
Time step External mode 05s 0.6s
(large domain) Internal mode 15s 18s

Boundary condition
(meteorology)

Temperature, Humidity, Cloudiness, Wind, Precipitation, Air pressure (AMeDAS)

Solar radiation (Estimated from model)

Boundary condition
(open boundary)

Tide Calculated from M2, S2, K1, O1
Water temperature FRA-ROMS
Salinity FRA-ROMS

Boundary condition
(river)

Discharge

Estimated from precipitation

Water temperature

Estimated from air temerature
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Fig. A-0. Time variation of daily mean air temperature, daily precipitation, daily mean air pressure, daily mean
humidity, daily mean cloudiness, and daily solar radiation at JMA AMeDAS Ohta or Kushiro from April 2007 to
December 2007.
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Fig. A-1. Time variation of daily mean air temperature, daily precipitation, daily mean air pressure, daily mean
humidity, daily mean cloudiness, and daily solar radiation at ]JMA AMeDAS Ohta or Kushiro from April 2014 to
December 2014.
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Fig. A-2. Time variation of daily mean air temperature, daily precipitation, daily mean air pressure, daily mean
humidity, daily mean cloudiness, and daily solar radiation at ]JMA AMeDAS Sakakimachi or Kushiro from April

2007 to December 2007.
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Fig. A-3. Time variation of daily mean air temperature, daily precipitation, daily mean air pressure, daily mean
humidity, daily mean cloudiness, and daily solar radiation at ]JMA AMeDAS Nemuro from April 2011 to December
2011.
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Fig. A-4. Relationships between averaged air temperatures observed by JMA (Japan Meteorological Agency)
AMeDAS and observed river water temperatures in Bekanbeushi River (a), Obetsu River (b), and Oboro River (c)

for Akkeshi Lake basin.
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Fig. A-5. Relationships between averaged air temperatures observed by JMA (Japan Meteorological Agency)
AMeDAS and observed river water temperatures in Furen River (a), Yausyubetsu River (b), Ponyausyubetsu River

(c) and Bettoga River (d) for Furen Lake basin. River water temperatures were obtained from Mikami et al. (2008).
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Fig. A-6. Time variation of daily river flow rate in Bekanbeushi River from April to December 2014 used in the

model.
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Fig. A-7. Time variation of daily river flow rate in Nishibetsu River from April to December 2011 used in the

model.
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Fig. A-8. Time variation of water temperature (left side) and salinity (right side) at open boundary in Akkeshi +
Hichirippu from April 2007 to December 2007 (top panel), Akkeshi and Hichirippu (k=1 to k=6) from April 2014
to December 2014 (middle panel), and Furen (k=1 to k=5) from April 2011 to December 2011 (bottom panel) for

large domain hydrodynamic model. Data were obtained from FRA-ROMS (http://fm.dc.affrc.go.jp/fra-

roms/index.html).
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Fig. A-9. Time variation of water temperature (left side) and salinity (right side) at open boundary in Akkeshi (k=1
to k=6) from April 2014 to December 2014 (top panel), Hichirippu (k=1 to k=3) from April 2007 to December

2007 (middle panel), and Furen (k=1 to k=5) from April 2011 to December 2011 (bottom panel) for small domain

hydrodynamic model.
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Fig. A-10. Model domain and river inflow point and open boundary (left panel), and bottom topography (right

panel) of Akkeshi and Hichirippu for large domain. Bekanbeushi River, Obetsu River, and Oboro River were

considered in the model.

Fig. A-11. Model domain and river inflow point and open boundary (left panel), and bottom topography (right
panel) of Furen models for large domain. Furen River, Yausyubetsu River, Ponyausyubetsu River, Bettoga River,

Nishibetsu River, and Harubetsu River were considered in the model.
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Fig. A-12. Model domain, river inflow point (blue squares), and open boundary (dashed red lines) (left panel), and

bottom topography (right panel) of Akkeshi (a), Hichirippu (b), and Furen models (c) for small domain.

164



1% B (EBRETI)

ERERET NV TIRFER & IBAEROW G Z T > T\ b, FilERORIL Yoon et al. (2011) , KA F
1% Chapelle (1995) (ZHEABICITNE -T2, FRERET L TEE LAY LFEEFZ D% % Table B-0 (12,

Z O EAERIK% Fig. B-0 (277

ROERED A v 2 lZB Y DAERRRTT VEMKT o852 /= M A bOBFREE B LT 5 LK
HNTOZORHZERTRATEREIND.

oB 0B 0B oB 0’B  0°B 0%B (asj*
—+ K, + K, +| —
ot OX oy oz

—=U—-V—- +
x? oyl az? ot

22T, U v, WIREREILX TR, y I, 2 HFEOWGE, Kn, Kl 3EEGREL, (dB/d)* 3SR
BThHo.

1) Fa /=AY FOBFREZEIER
® NO;(umol N L?)

INOs _ _photosyntresisof (PHY, EEL,,, EPI )+ Respiration of (PHY, EEL,,, EPI)

+ Nitrification = Diffusionbetweensediment

® NHi(umol N L?)

dNH,
dt
— Nitrification + Mineralizaion of (PON, DON)- Excretionof (ZOO, OYS)

+ Diffusionbetweensediment

— —Photosyntresis of (PHY, EEL,,, EPI )+ Respiration of (PHY, EEL,,, EP1)

® PO4 (umol PLY)

dPO,
dt
+ Mineralizaion of (POP, DOP)— Excretionof (ZOO, OYS)+ Diffusionbetweensediment

— _Photosynttesis of (PHY, EEL,, EPI )+ Respiration of (PHY, EEL,,, EPI)

ag’

® DON (umol N L?)

dDON

dt
+ Extracelluar excretionof(PHY, EEL,y, EPI )J_r Diffusionbetweensediment

= +Decomposiionof PON — Mineralizaioninto NH,
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® DOP (umol PLY)

d_l?thP = +Decomposiionof POP — Mineralizéioninto PO,

+ Extracelldar excretionof(PHY, EEL,y, EPI )i Diffusionbetweensediment

® PON (umol N L)

dPON = —Decomposiioninto DON — Mineralizaioninto NH,, + Egestionof (ZOO, OYS, MC)

dt
+ Mortalityof (PHY, SBA, EEL,,, EPI, ZOO)— Grazingby OYS — Settling

® POP (umol PL?Y)

apPoP _ —Decomposiion into DOP — Mineralizaion into PO, + Egestionof (ZOO, OYS, MC)

dt

+ Mortality of (PHY, SBA, EEL,, EPI, ZOO)—GrazingbyOYS — Settling

ag’

® PHY (ugChl-a L/ pmol N Lt/ pumol P LY)

—dF:;'Y = +Photosynttesis — Respiration — Exracellulr excretion— Mortality

— Grazingby (ZOO, OYS, MC) - Settling

® SBA (ugChl-aL'/umol N L/ umol PL?)

dSBA

. ~Mortality— Grazingby (ZOO, OYS, MC)+ Resuspensbn of MPB — Settling

® 700 (umol N L/ umol PL?)

dzOO

= +Grazingof (PHY, SBA)— Excretion— Egestion— Mortality

® EPI (mg Chl-am?/pmol N L /umol P L)

EPI . L . .
dT = +Photosynttesis — Respiration — Extracelldar excretion— Mortality
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® EELy (9 DW m?2/pmol N L2 /umol P L)

dEEL,,

. +Photosyntfesis — Respiration — Extracelluar excretion— Mortality

® OVYS (g DWm?, gDW ind./ind. m?)

—d(;,js = +Ingestionof (PHY, SBA, PON ) Excretion— Egestion— Reproducton — Mortality

+ Recruitment — Harvest

® DO(mglL?

—d(?to = +Photosyntfesis of (PHY, SBA, EEL, EPI ) Respiration of (PHY, SBA, EEL, EPI, ZOO, OYS)

— Decomposifonoforganicmatter — Mineralizaion of organicmatter
— Oxidationof ODU =+ Diffusion+ Aeration

® ODU(mgL?

dOoDU
dt

= —Oxidation+ Diffusionbetweensediment

® PONg (mg N g DW?)

dN . . N .
d_tos = —Decomposiioninto DON,, — Mineralizaioninto NH ., + Settlingof (PON, PHY)

— Mortalityof MPB — Sedimentaion

®  NHus (umol N LY)

dNH 4

dt
—Uptakeof EEL,, + Respiration of EEL,, — Excretionof MC + Diffusion

=+Mineralizdionof (PON,, DON, ) — Nitrification — Photosynttesisof MPB + Excretionof MPB

® NOss (umol N LY)

ANOsey = +Nitrification — Denitrifiation— Photosyntresisof MPB + Respirationof MPB

—Uptakeof EEL,, + Respirationof EEL,, + Diffusion

167



® DONg (umol N LY)

dDON,,

dt
+ Diffusion

=+Decomposifonof PONy, — Mineralizdioninto NH ,; + Extracelldar excretionof (M PB, EEng)

® POPy (mg P gDWY)

dP o . .
d—f[’s = —Decomposiioninto DOP,; — Decomposiioninto PO, + Settlingof (POP, PHY )

— Mortalityof MPB — Sedimentaion

® POy (umol P L1)

dPO,
dt
+ Excretionof MPB —Uptakeof EEL,, + Respirationof EEL,, + Diffusion

= +Mineralizaionof (POR,4, DOR,,) — Adsorption+ Desorption— Photosynttesisof MPB

® DOPg (umol P LY)

dDOFP, . . . .
ot 4 — +Decomposifonof POP,; — Minerazaltioninto PO, , + Extracelluar excretionof (MPB, EEng)
+ Diffusion

® POy (Mg P g DWY)

dPO,.q

ramie +Adsorption— Desorption— Sedimentaion

® DOy (mgL?)

dDOy = +Photosynttesisof MPB — Respirationof (M PB, MC)— Decomposifon of organicmatter

— Mineralizdion of organicmatter — Nitrification — Oxidationof ODU + Diffusion

® ODUsg (mg L7

doDU
dt

= +Production — Oxidation + Diffusion
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® MPB (ug Chl-ag DWY)

dMPB =+Photosynttesis — Respiration — Extracelluar excretion— Mortality

— Resuspensbn + Settling of SBA— Sedimentaion

® EELy (g DW m?)

dEE
—ng = +Uptake— Respiration — Extracelldar excretion— Mortality

® MC (g DW m?; gDW ind. / ind. m?)

amc = +Ingestionof (PHY, SBA)— Excretion— Egestion— Mortality+ Recruitment — Harvest

dt

2) BFRBEOERIE
Ak U724 WO A2 LI I T, 7ok, XPFCTHWZ/XTF A —% % Table B-1~B-6 (Z/R L 7.

® EDEB

KENOHZHKEZ (m) 2B DE 1) (yday?) 1%, #EEH TOXE o (ydayl), KIENOHDOWH
BAREL kaw (ML) HRAUTL VRO NS,

1(2)=1o - exp(~ kg, - 2)

kaw [ ZFEA D (2006) 726, HEAKH S OHEBRE ke (M), W7 T 27 b RBLUSNOWEIZ X 25 IH AR
ke (M), Chl-a 47 v OHEHLFREL ke (m?mg Chl-at), KFED ) Chl-a £ Chl-a (ugL™) %MW,

Kgw =K, +k, +K,-Chl —a
ELTREIND. ke (IICHRE (Smith & Baker, 1978) 225, ki & ke (FBLHNE (Chl-a J2E & HHURE DR
% ; 1D Fig. 1.3.1-12) O ENENEMS o 70, WEBRGN CIXEROFEIZ L 0 BB ET 503,

Pinckney & Zingmark (1993) 75, F{ADBLfF&E% EEL2D (DWm?) & LT, ZOHEEEy (no

dimension) %
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7 =exp(—0.002 - EEL2D)

ELTRELL.
HISIHE ETONEE lpowom (lyday?) &T2 &, HREWOH HEE 2z (mm) (2B 5K E 1u(z2)
(ly day™®) 1FHEREN OSEOTHEERE kes (mmt) S OVEARGHIEARIC K % H Clfik (Hochard et al.,
2010) #&E LKA TREND.

lo (22) = pottom - €X¥P{= (kgs +0.02- MPBM 2)- 2z}

Z 2T, MPBM2 (mg Chl-am?) (FZHAZMEE Y7V OEAMMBEOBFETHD.

FiER

o EMTSH kY (PHY : umol N L)
W75 7 FrDNERK

AR (umol N L dayd) (132 E N (umol L), AR T (°C), Y& 1 (lyday?l) oORE%E L
THZENDH (Yoonetal, 2011). ZRFEHEDOHLY iAA T Monod BLOXAERA L. #7727 hiX
NOs £ ¥ & NHs LM ER D IATe Z E I STV 5 (Conway, 1977). & Z T NHs I K BHEE %S
L, %O Wroblewski (1977) ([ZhE~7=. StHIBROBI%K L Steele (1962) (ZHE- 7=,

Photosyntesis =V pa pry - T(N)- T(T)- (1)

f(N)=Min ——591——-emm-T-NHQ+ NH, | PO
NO, + Ko NH, + Kyy ) PO, + Kpg

f(T):eXp(KP_PHY 'T)

f(l)= ! -exp|1- !
lopt_PHY Lot _PHY

W77 v 7 kv O
e & (umol N Lt dayt) 1d/KIEOBEEE LTULTFD L9 I12FEDH (Yoonetal., 2011).

Respiratin =R, pyy 'exp(KR_PHY 'T)‘ PHY
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W77 v 7 b v OIS 3

W77 7 N O/ Bk, HERKIZ XK EE SN RERE OB EFIEA Y D HE THN
WZHEH =415 (Nalewajko etal., 1976) . st 3 WiE (umol N Lt day?) 3)tE&hk & Photosynthesis (umol
N Ltday?) (Ztepl3+ 2560 & L7 (Yoonetal., 2011)

Extracelldar excretion=y p,y - Photosyntlesis

W7 Z 7 b OFEE
Fi%EE (umol N Lldayl) (Z/KIEDRIKE LTUTDO LI IcEESNS.

Mortality=M, gy -exp(Kyy puy -T)- PHY?

W77 7 ok
W77 7 hroikEs (umol N Lt day?) 1 E7EREREE Ve prv (mday?) & W CRAUT L D kD
b, ek, HEW RIS LT T 7 b UET R 2R L L THERD - 7.

OPHY
0z

Settling =Vgy ppy -

W77 7 b OHmE
W77 N7 7 v, R, THIVICHIBESNS.

® TFIEHLEER (EEL, : gDW m?)

7 < EDIEERK

7 EERIZ LD NOs & NHs DELY IAZBHEE (umol N Lt day?) 1% Short & McRoy (1984) , PO Dt
0 IAZEEE (umol P L day?) I Stapel et al. (1996) (ZHE - 7-.

i.10*3

NO; uptakeby Photosyntresis,, =(Ayo - NO; + By ) EEL,, - v

. 1 .
NH , uptakeby Photosyntresis,, = (Ay, - NH, + By, )+ EEL,q T~ 1073
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PO, - PO, J 1

PO, uptakeby Photosynttesis,; =Vp na '(PO S -EEL, . .1073
4= min PO

7 < DI
IE% & (umol N Lday?) % Bach (1993) D/KiEIC L DZWEMNSFRE LT,

Respiration,, = RZ ,, - RZ; "% - EEL,, - Rndw, -i-l&”’

7~ & O 53Uk
MEHOERZHE T HMEROL OET LTI, WHAERAKY (DOM) ORH GHlfast o) 235

s Tx7= (eg., Bach, 1993 ; Plus et al., 2003). L2>L7en 5, 722653 DOC MRHL TS Z &
NEBRICLVHESIN TS (Brylinsky, 1977 ; Kaldy, 2012). Kaldy (2012) 12Xk % &, #/4£EE (GPP) @
95 L6%REN DOC & L TIAEMT 5. MiEESE & i L CHIA & LTiEm< 2nb oo (eg., %Ik,
2002), 7~ EDEERITIFFICRE WD, KET /L TITMANSWIZ LD DOM OAEFELZZEL, K
Nk ERLE.

Extracelluar excretion, = y,, - Photosyntlesis,,

7T < EDORAE
FhsE & (umol N L1 day?) (& Yoonetal. (2011) (ZHE~7=.

. . . 1
Mortality,, = {Moro_EEL -exp(Kmorgg, -T)+ Litgg - Litterfall_ Index}- EEL,, - Rndw, ~ -10°

® TF7IEHTE (EEL,: : g DW m?)
FRES (2008) 1%, 7~EOM FEFHEBYOREE 3ecm ETIIHoM LWzt HRELTWS., 22

T, TEOH FEIZEE 3cm £ TIZH—ICHOA L TWA LD L {RELT-.

HAEHIL
T EFEENSZT TR, D RBHARY AT L2AMBNATIHY (lizumi & Hattori,

1982 ; Short & McRoy, 1984 ; Olesen & Sand-Jensen, 1993), #aMBLZEFIE B O30T < 2 I FEE2> H W3
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52 EH®% (lizumi & Hattori, 1982). RIBRAKH D NOs LT NHa B & LE T 1 Hi~2 i/ h Wiz
(1%), HITFEIZE D NOs DHLY JAAITHEMR L7z, IR/ D NHy OHLY iAZEE  (umol N L day™?)
/% Short & McRoy (1984) ZZE|ZRAD L RO T-.

1
por-Ah, -10°

Uptake, = (Awy by - NHasq + By b )- 24+ EEL, -

Z 2T, por (nodimension) (XZEFER, Ahed (M) ITHEREHOREIETH 5.

AR AR SN o3 i
sy E (umol N Lt dayl) 13, Kaldy (2012) [ZHEV AL & Uptakepg (umol N Lt day?) (2
BT 5D L.

Extracelluar excretion,, = y,,, -Uptake,

® {IEE% (EPI: mg Chl-a m?)
135 B O AR

JeARE (umol NLtdayd) (3538 N (umol LY, AT (°C), Y& le (WEm?2sh) OR¥k s L
T, fPEEEDZESE - Chl-a t Rnchlerr (mol N gt Chl-a), KEEDBE A (m) ZHVTKRAUZ LI £ S
ns.

Photosyntlesis =Voe gp - T(N)- F(T)- f(Ig)- EPI-Rnchlgp, -i

f(N)=Min __ NG, -exp(-¥-NH, )+ NH, , PO,
NO; + Kyo NH, +Kyy ) PO, + Kpg

f(T)zeXp(KP_EPI 'T)
f(l¢)=tanh(0.01- 1)

{155 B O
e & (umol N L1 day?) 13/KIEOBEEE LT, AFTO LY ICERINAS.
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N~ 1
Respiration =R, ¢p -exp(KR_EF,I -T)- EPI - Rnchlgp, an

£} 75 BEEE O ARIRA 0 Ut
sy (umol N Lt dayt) (3564 Fk & Photosynthesis (umol N Lt day?) (ZHfl4 2 b D & L=,

Extracelldar excretion= y gp, - Photosynttesis

75 W D5 5E
Fi%EE (umol N Lldayd) (Z/KIEDRIKE LTUTDO LI ICEENS.

. 1
Mortality=M,_¢p, -exp(KM_EPI -T)- EPI? - Rnchlgp, o

o EAMMELSE

JES A SHOHIAR R D e B ik
JARE (ug Chl-a g DW dayd) (358 N (umol LY), AR T (°C), Y& le (MEm?st) Opf

e LTRIND. KEH L KIBOHIREBIINY 7 Z 7 F o RO Z Wz, 7ok, EAMGM®bE
FUIHER T (RIBUK) ORBHOLZIRY iATe LRGE LT-.

Photosynttesis =V e wes + F(N)- £(T)- f(I¢)-MPB

f(N)= Min N—O3-exp(—‘P-NH4)+ NH, | PO

f(T)=exp(K-T)

JEEABGIEEE O Y — A R AR IR AWk 2 H 5, M TIZBW TH A MRIEMEIRIE E A CTHE X
NN Z ERE B TVWS (Montani et al., 2003). 2 C, FRNIHEDRNER 2 £ 8 L 7= Steele A (Steele,
1962) Tix72<, Montanietal. (2003) T & =fafiilo X4 EH LT-.

f(1g)=tanh(0.01- 1)
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JEE /B i e 0D -
(ng Chl-ag DW1tday?) [JUKIEOREEE LTUTDO L IZREN 5.

Respiration = Ro wps 'exp(KR_MPB ‘T)' MPB

JEEZE Gt e O Al L Ak 0%

JEA G EERE D 22— IRAEFEIC )T 2 MBS b OFIE I 7 F 7 b LR U TEWZ & s
INTWD (4, 2002). & Z CTRET A TIIEY T 7 > 7 b o L IRAMMBE TR 528G E2 A,
Aoy ih g (ug Chl-a g DW day?) (IbEEICHAITL H DL L.

Extracelluar excretion=y pg - Photosyntfesis

JEE A= TR R D A A
fhst&E (ug Chl-ag DWtday?) (Z/KIBOE#E LT TFO X Ic£RESND.

JEC A= it R oD P 7%
HEREW) T~ B (ng Chl-a g DWday?) (3HEHEE Vo (mday?) Z W TRAIC IV ESh
2.

Burial =V, .oMPB

JEE A BGHI A 0D P I
JEE AR TGRSR HE OO PRI LV IHERE L L O Fi s K & < BfR T 5 2 L 23 5T % (Lucasetal., 2000) .
ZZTARETATYH, HRBE 77 v 27 A (ug Chl-a g DW* dayl) 13dx /& Dt K OVESAEMGmEE O Bl

fFEIZHHT DD L L.

@E

Resuspensbn = ag,, - Vu® +v? - MPB
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Brito et al. (2011) (JEEAEMGHIEEEA O IR R 1T, WIDRSPJERIZ K - THEZR D DD 10% day! Bt TH 5
ELTW5A. F7=, Sugaetal. (2011) 13k EATH T OFEIERE RO FEME %K 7% day? &5 L TERY,
Z OBFE R 2 S B IR K asus ZIRTE LTZ.

PR L 7= I AR DGR e o R p
LBeE (ug Chl-ag DWday?) (Zkickvkdoinsd.

1
(1_ por)'Ahsed " Psed

Settling of SBA=Vy gga - SBARogy sgn +10° -

o HERALI-ELMMESE (SBA: umol N L
R U 7 AR SRR O AL 5
FsstfE (umol N L1 day?) 1d/KIROBAEE LT, MW7 T 7 b ERRRD/XT A —2 & .

Mortality=M sga -exp(Ky g - T)- SBA®

FRRRE) L 7 ARG DO F B
IR U EAMHEEIZEM 7T 7 N, X, THUICHEBESNS.

P L 7 AR B O R R
ks (umol N Lt day?) 1EZPEREHE Veer sea (M day) ZHWTIRAUIC LV RDDHILD.

Settling=Vg, g (OSBA

0z

JEE AE P e 0D P A 1
PR (umol N Llday?) 13, ECAEMGMMEIAMDZEF - Chl-a bk Rnchlwes (mol N gt Chl-a) JEEAEfHM
WHHDOFHRRE 7 7 ~ 7 A Fluxwes (mg Chl-am2day?) mHRATROHND.

Resuspensbnof MPB = FLUX g i Rnchlaypg
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e EMTIS2U k> (Z00: pmol N LT
B 77 b ofER

BT T b A XD AKEOMEEOBE L, HEHRENE T E 5 LERIREN —EHEICIUR
L, — 5 CEPBHREMNMETE S LEA LRI &7 Parsons et al. (1967) ICL > THESHLTW5. B
& (umol N Ltday?) 1IXUZ L VR B D (Yoonetal., 2011).

Grazing= Max[o GRy -Xp(Kg - T {1 exp( (CHL*—CHL))}-ZOO]

77 7 b DR
TAAHEMEE (umol N L day?) 13fE& & Grazing (umol N L1 dayl) (242D E L7 (Yoon et
al., 2011) .

Excretion = (500 — Bz00 )- Grazing

77 v 7 b OREERYER
B APE & (umol N Lt day?) (X#E & & Grazing (umol N L1day?) [ZHfI4 25D & L= (Yoonet
al., 2011) .

Egestion= (1— azoo)- Grazing

T DT
777 b O TEE (umol N Lt dayt) (3/KIEOBEE L, #8777 b OBIFED 2
FZHBITAHH D E L7 (Yoonetal., 2011) .

Mortality=M, ;00 -exp(Ky 700 T )- Z0O?

o FHEMDLHE - BRI

53fi%  (decomposition) & 1XE5r T AWM DME S T AEMICZER I DHRETH Y, L
(mineralization) & I3 AFEFEIC K U AR SV F A DS R | B S N 2 WFE Th 5. K
LB TIE, BAEEFZAERE LT EZ WD 2 T <puEie (02), MEAFIERE (NOs, NOz), #
SRR (Mn*, Fe®*, SO, CO») MRBISN5.
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B O 53 1iF
POM 75 DOM ~D /3 fif# % (umol L't day?) 13/KIE T (°C), POM #EE (umol L) DRI LT3R
H 55 (Yoonetal., 2011).

Decomposit ion of POM into DOM =Vpoupomo - €XP(Kpovpom - T)- POM

i O gL

POM 75 DIM OHEREALEHEE  (umol Lt day™) 1d/KIE T (°C), POM #2E (umol LY DRE% L LT,
DOM 75 DIM DR E  (umol L day) (3/KIE T (°C), DOM #EE (umol L) B E LTk
515 (Yoonetal., 2011).

Mineraliza tion of POM into DIM =Vpoyomo - €XP(Kpoyvom - T)- POM

Mineraliza tion of DOM into DIM =V ouomo - €XP(K pomom - T )- DOM

o HiMDILE

AXPHHHSNDHE - FERITILEPREIWZOWLEEHEN K E VW (Kusuki, 1978). £ 2T, I %H
ROT R ZAEZOMDT b Y Z A THREERE Vs (mday?) ZX5HIL7Z. A4 POM (umol L)
OFERE (umol Lt day?) 1ZRAUZ LV RDHND.

oPOM

Settlingof POM =V - =

® fHit - BRE

T U= TIIAERADDN D EOEES Y E L TERSNDBOTHY, SHLITHRENTT
ISR DESAERRD & 72D, —FF, HREM T TIET E=7 1 XHHME - i~ Bt Ih, I 5128k
[EMTICBATT D L ERTA~LETLEND (N, 1986).

k=3

fiif

L (umol N Lt day) (I/KiR T (°C), A FMERIRE DO (mgLY), NHsiEE (umolNL?Y) o
B L TkdDHiLDH (Chapelle, 1995).

[y
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DO

Nitrification =V, 'eXp(KNit_T T)DOT
Nit_ DO

“NH,

i

BiZ=

iz (umol N Lt day) (37KIRT (°C), A FEAFEIRIE DO (mgL?t), IBZ/KH O NOsiREE (umol
NLY ORE#s LTRdDB5H (Chapelle, 1995).

DO

Denitrifiation=V -exp\K -T)rl-—
Den0 p( Den T )( DO+ Koy po

] ’ NOSsd

Y RO
PO, OWAEME (umol P L dayt) 1XAFEEFRIRIE DO (mg L) ICX-THRZRDH /T 2A—XEH -
(Chapelle, 1995) .

. PO
Adsorptionof PO, = K xgo pog ,[1_—4:1«1) PO,y (DO>0.2)

I:’O4ad

Adsorptionof PO, =Ky, pos - |1—-—————
- PO4ad_max

J.Po4sd (DO <0.2)

U RO A
POs Dt E (umol P L1 day?) Xk CTHE S5 (Chapelle, 1995).

I:>o4ad

Desorptionof PO, = Kpes poy - 50

4ad _max

o IE%
R OEK C (mggDW?L) OHEE (mggDWday?) XA Ve (mday?) % AW CTkAUZ
FFERLEL.

Burial of solid =V, @
0z
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® ik

AAE —HEFEM R IE I C 35 T D YRtk
VAT E OYERE (umol Lt day ) 1IHEHUAREL Kw (M2sY), KEEDE TEIZH T 2 W EIRE Che (umol

LY, HERW 18 H BT 2WERE Cs (umol L), HEFEM DZ2f=E por (no dimension), 2 J&DHifE]d
BB dis (m) 2Tk L v RDH5H (Chapelle, 1995).

Diffusionbetweenwater columnand sediment= K, - 86400 - por-(C,,. —C )- di
is

® R7EEExR (DO :mg L)

[
i C OWRKOEE Aeration (mg Oz L1 day?) 1L FFIREXARI Koo (mday?), 7R EaFEE DOs: (Mg

0 LY, BEAh (m) 2»HRAUTEVRDHID (Chapelle, 1995) .

Aeration= Ky, - (DO — Dosat).ﬁ

FHIRSFRENT Chapelle etal. (1995) 705, JEGHE wspd (ms?t) ORE%E LTk L D kb=,

K po = 0.641 +0.0256 - (wspd - 2.24)°

AR R B FIR FE 13 Weiss (1970) 205, /Kil, EOOEZHWTUTORIC LV HEE L.

InDO,, = A, +A, -(100/T,, )+ A, - In(T,,, /100)+ A, - (T, /100)
+S. [Bl + By - (Tas /100)+ By - (T /100)2]

Z 2T, DOsqa™ (MLLY) (X FEEEAIFIIREE, Tas (°C) ITMEXHEEE TR LKA, SIS THDH. F
77, Ai=-173.4292, A,=249.6339, A3;=143.3483, As=-21.8492, B;=-0.033096, B,=0.014259, B3=-0.0017000 C

b5,

SREAEPER DA RIS K 5 ARk
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FEMEAPES (mdEED) A Rk & Photosynthesis rate (umol N L1day) 726, BMBsEORHE —%
FE R (mol Cmolt N) # W TR OEERZF M L.

Productionby primary producer= Photosynttesis rate- Rcn-10~2
SEMEAE PER OIFIRIC K 5 1H#

FEREAEPEE (BdEtE) O FEL & Respiration rate (umol N L1 day) 72>5, S HGHIBEE D 3 —
Ren (Mol Cmolt N) Z MW TR DR &4 R L7z,

M
=

Consumption by primary producer= Respiration rate- Rcn-1072

A D o3 RIZ K DI
HIEW) Doy R X DR EHE (mg O, Lt day?) 1343 decomposition rate (umol N Lt day?) |2
flF 5Tk L W & L= (Chapelle, 1995).

Consumption by decomposiion of organicmatter = Decomposifonrate- 0.212

AW D HEREIZ L D 1HE
HHEW) DO BRI & DFEETEEEE (mg O Lt day?) 1R/ I#FE mineralization rate (umol N L day
D BT 2 TkRIc L W E L7z (Chapelle, 1995) .

Consumptian by mineralization of organicmatter = Mineralizaion rate- 0.212

iz L 51 E
I L DR EHE (mgO2Ltday) (ZAH LA (umol N Ltday?d) (ZHefd B Tk kv #
L 7= (Chapelle, 1995).

Consumptian by nitrificaion = Nitrification rate - 0.064

o ExTYWHE (DU:mg L™

ODU IZiETTMWE (H.S, Mn?, Fe?*, CH,) IREZMIFWEEE~LHBEL- LD THS. ODU [THEMKL
DEFRHNRFRIC L Ak S 5.

181



EeWE Ogk

HEREM) O T8 TR S #1172 ODU I3HEREM OFRMLE o /KAEN THRBRME S, £ORIFRAC LY RS
ns.

. . DO
Oxidationof ODU = Oxij -exp(KODU T T) sd

Kopu + DOy
3) #HRLLE

WORRSE R OB 7 7 7 b o OfEL L% Table B-7 12, K BIEDOHMAL A Table B-8 2R 7. 72
B, TEOMABIITIFHICL > TEHTLHEHDE L7z (Yoon et al., 2011).

4) PMEY - BREH

5) £S5 - £Y

=

WS CHWT — % % Table B-9 (2, BERSAMCTH/=F —# % Table B-10~B-12 |Z/~7".
T IVTRIE LT IEF0 - JE, KEUhRE, BEEMICB T2 7~ 79V, ~ X001k % Fig.
B-1I1Z7R%.
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Table B-0a. State variables used in the biogeochemical model and their units for Akkeshi (Chapter 2)

Symbols  State variables Units
Water column
NO; Nitrate and nitrite in water pmol N L™
NH 4 Ammonium in water umol N L™
PO,  Phosphate in water umol P L™
DON Dissolved organic nitrogen in water pmol N L™*
DOP Dissolved organic phosphorous in water pumol P Lt
PON Particulate organic nitrogen umol N L™
POP Particulate organic phosphorous pmol P L*
PHY  Phytoplankton pumol N L™ pmol P L™"; pg Chl-a L™
SBA Suspended microphytobenthos pumol N L' pmol P L™"; pg Chl-a L™
EEL Eelgrass (aboveground) g DW m?
EPI Epiphyte mg Chl-a m™
ZOO  Zooplankton pmol N L™ pmol P L™
OYS  Oyster g DW m?
Sediment
MPB  Microphytobenthos ug Chl-a g DW™
MC Manila clam g DW ind.™; ind. m™
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Table B-0b. State variables used in the biogeochemical model and their units for Akkeshi, Hichirippu, and Furen

(Chapter 3, 4, 5)

Symbols  State variables Units
Water column
NO; Nitrate and nitrite in water pumol N L™
NH 4 Ammonium in water umol N L™
PO,  Phosphate in water umol P L™
DON Dissolved organic nitrogen in water pmol N L™*
DOP Dissolved organic phosphorous in water umol P L™
PON Particulate organic nitrogen umol N Lt
POP Particulate organic phosphorous pmol P L!
PHY Phytoplankton pmol N L™; pmol P L™; pg Chl-a L™
SBA Suspended microphytobenthos pumol N L; pmol P L'™; pug Chl-a L™
EEL., Eelgrass (aboveground) g DW m?
EPI Epiphyte mg Chl-a m?
ZOO  Zooplankton pmol N L™*; pmol P L™
OYS™  Oyster g DW ind.™; ind. m?
DO Dissolved oxygen mg L™
ODU  Oxygen demand unit mg L™
Sediment
NO3sg  Nitrate and nitrite in porewater pmol N L™
NHig Ammonium in porewater pmol N L*
PO.qg  Phosphate in porewater umol P L*
DONgy Dissolved organic nitrogen in porewater pmol N L™*
DOP Dissolved organic phosphorous in porewater pmol P L™
PO..¢  Adsorbed phosphate in sediment mg P g DW™
PONgy Particulate organic nitrogen in sediment mg N g DW*
POPy Particulate organic phosphorous in sediment mg P g DW™
MPB  Microphytobenthos ug Chl-a g DW™
EEL,, Eelgrass (belowground) g DW m
MC™  Manila clam g DW ind.™; ind. m™
DOy Dissolved oxygen in porewater mg Lt
ODUg Oxygen demand unit in porewater mg L™

1: considered in Akkeshiand Hichirippu
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Table B-1. Parameters used in the phytoplankton (PHY) submodel.

Parameters Description Value Unit References

V ormax_pHY Maximum photosynthetic rate at 0°C 10 day* Yamamoto et al. (2008)

Kno Half saturation coefficient for NO; 30 ymoINL* Yoon et al. (2011)

v Ammnoium inhibition coefficient 15 (umolNLY? Yoon et al. (2011)

Knm Half saturation coefficient for NH, 10 ymoINL? Yoon et al. (2011)

Kpo Half saturation coefficient for PO, 0.1 ymotpL? Yoon et al. (2011)

Kp phy Temperature coefficient for photosynthetic rate 0.0693 oct Yoon et al. (2011)

| opt_pHy Optimum light intensity 288 ly day™ Yoon et al. (2011)

Ro_pHy Respiration rate at 0°C 0.03  gay™* Yoon et al. (2011)

KRr_pHy Temperature coefficient for respiration rate 0.0519 oct Yoon et al. (2011)

Y PHY Ratio of extracellular excretion to photosynthesis 0.135 no dimension Yoon et al. (2011)

V set_pHy Sinking speed of phytoplankton in water column 0.192 1 day™ Zaldivar et al. (2003)

Mo_phy Mortality rate at 0°C 0.025  (ymol N L™ day™ Yoon et al. (2011)

Kwm_phy Temperature coefficient for mortality rate 0.0693 oct Yoon et al. (2011)
Table B-2. Parameters used in the eelgrass (EELa; and EELy;) submodel.

Parameters Description Value Unit References

Ano Nitrate uptake coefficient of eelgrass 1128 | g DW* day™ Short & McRoys (1984)

Bno Nitrate uptake constant of eelgrass 20.16 | imol N g DW™ day™ Short & McRoys (1984)

Ann Ammonium uptake coefficient of eelgrass 19.20 g DW' day™ Short & McRoys (1984)

B Ammonium uptake constant of eelgrass 21.36  ymol N g DW* day™ Short & McRoys (1984)

VP rax Maximum phosphate uptake rate of eelgrass 63.2  mol P g DW' day* Stapel et al. (1996)

PO pin Minimum concentration for phosphate uptake 0.5 pmol P L Stapel et al. (1996)

Kpo Half saturation constant for phosphate uptake 80 pmolPL? Stapel et al. (1996)

RZ e Eelgrass respiration rate at 20°C 0.014  gay* Bach (1993)

RZ+ Eelgrass temperature coefficient for respiration 1.07 ot Bach (1993)

7 EELag Ratio of extracellular excretion to photosynthesis 0.016  no dimension Kaldy (2012)

Y EELbg Ratio of extracellular excretion to photosynthesis 0.016  no dimension Kaldy (2012)

Mor_geL Eelgrass mortality rate at 0°C 0.0001  gay™ Yoon et al. (2011)

Kmor ge. Eelgrass temperature coefficient for mortality 0.0693 ot Yoon et al. (2011)

Liteg, Maximum litterfall rate 0.0540 day™ Yoon et al. (2011)

A NH_bg Nitrate uptake coefficient of belowground eelgrass 020 L g DW* day™ Short & McRoys (1984)

B nH_bg Nitrate uptake constant of belowground eelgrass 22.38  molN g DW* day™ Short & McRoys (1984)

Iy saturation light coefficient for photosynthesis 228 | molEm?s?t Plus et al. (2003)

Koz half-saturation coefficient for respiration 5.0 mg O, L! Plus et al. (2003)

Table B-3. Parameters used in the epiphyte (ZP]) submodel.

Parameters Description Value Unit References

V omex_gPI Maximum photosynthetic rate at 0°C 10 day* ‘Yamamoto et al. (2008)

Kp epi Temperature coefficient for photosynthetic rate 0.0693 oct Tuning

Ro_epi Respiration rate at 0°C 0.03  gay* Yoon et al. (2011)

Kr gpi Temperature coefficient for respiration rate 0.0693 oct Yoon et al. (2011)

VeI Ratio of extracellular excretion to photosynthesis 0.3 no dimension Goto (2002)

Mo_epi Mortality rate at 0°C 10 (mg chl-a m?)™ day™ Tuning

Kw_epi Temperature coefficient for mortality rate 0.0693 oct Yoon et al. (2011)
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Table B-4. Parameters used in the microphytobenthos (MPB) and resuspended microphytobenthos
(SBA) submodel.

Parameters Description Value Unit References
V omax_ps Maximum photosynthetic rate at 0°C 10 day* ‘Yamamoto et al. (2008)
Kp_mpe Temperature coefficient for photosynthetic rate 0.050 o¢t Tuning
Ro_wee Respiration rate at 0°C 03 day* Yoon et al. (2011)
Kr_mpB Temperature coefficient for respiration rate 0.0519 oct Yoon et al. (2011)
Y _mpB Ratio of extracellular excretion to photosynthesis 0.30 no dimension Goto (2002)
Mo_wee Mortality rate of microphytobenthos at 0°C in clam fishery grounds ~ 0-0010 (g Chi-a g DW?)™ day?  Tuning
Mo_wee Mortality rate of microphytobenthos at 0°C except in clam fishery 0.0019  (,g Chl-a g DW™')* day* Tuning
grounds

M o_ssa Mortality rate of suspended microphytobenthos at 0°C 0.025  (umolNL)* day® Yoon et al. (2011)
Kn_mpe Temperature coefficient for mortality rate 0.0693 ot Yoon et al. (2011)
V set_sBa Sinking speed of suspended microphytobenthos in water column 0.192  m day™ Zaldivar et al. (2003)
Veur mpe Burial speed of microphytobenthos in water column 1.0x10* m day™ Kittiwanich et al. (2007)
0OlSus MPB Resuspension coefficient 1.7 no dimension Suga et al. (2011) and this study

Table B-5. Parameters used in the zooplankton (ZOO) submodel.
Parameters Description Value Unit References
GR e Maximum grazing rate at 0°C 0.2 gay* Yoon et al. (2011)
Ks_zoo Temperature coefficient for grazing 0.0693 o1 Yoon et al. (2011)
A Ivelev constant 14 (umolNLY? Yoon et al. (2011)
CHL* Threshold value for grazing 0.053 ymoINL? Yoon et al. (2011)
az00 Assimilation efficiency 0.7 no dimension Yoon et al. (2011)
Bzoo Growth efficiency 0.3 no dimension Yoon et al. (2011)
Mo_z00 Mortality rate at 0°C 0.0585  (;ymol N L) day™ Yoon et al. (2011)
Kwm_zo0 Temperature coefficient for mortality 0.0693 o1 Yoon et al. (2011)
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Table B-6. Parameters used in the geochemical submodel.

Parameters Description Value Unit References

Kw Attenuation coefficient for clear open waters 0.027 ! Smith & Baker (1978)

ke Attenuation coefficient for irradiance due to plankton (chlorophyll- 0.0540  m? mg chl-a* Estimated from observed data
like) pigments

K« Contribution to attenuation not directly attributable to chlorophyll-like  0.2605 ;! Estimated from observed data
pigments

Vpompomo_we  POM decomposition rate at 0°C into DOM in water column 0.03  gay* Yoon et al. (2011)

Vpompomo_si  POM decomposition rate at 0°C into DOM in sediment 0.005  gay™* Chapelle (1995)

Kpompom Temperature coefficient for POM decomposition into DOM 0.0693 ot Yoon et al. (2011)

Veomoimowe  POM mineralization rate at 0°C into DIM in water column 0.03  gay? Yoon et al. (2011)

Veompimoss  POM mineralization rate at 0°C into DIM in sediment 0.005  gay* Chapelle (1995)

Kpompim Temperature coefficient for POM mineralization into DIM 0.0693 ot Yoon et al. (2011)

Voompimo_we  DOM mineralization rate at 0°C into DIM in water column 0.03  gay* Yoon et al. (2011)

Vbompimo_sa  DOM mineralization rate at 0°C into DIM in sediment 0.005  gay* Chapelle (1995)

Kbompim Temperature coefficient for DOM mineralization into DIM 0.0693 oct Yoon et al. (2011)

as Degradable fraction of organic matter in sediment anoxic layer 0.1 no dimension Kittiwanich et al. (2007)

Oxio ODU oxidation rate at 0°C 120 gay* Sohma e al. (2008)

Kopbu Half saturation coefficient of dissolved oxygen concentration for 0.032 mg* Sohma e al. (2008)
ODU oxidation

V Nito_we Nitrification rate at 0°C in water column 0.03  gay* Yoon et al. (2011)

V nito_sd Nitrification rate at 0°C in sediment 0.2 gay? Chapelle (1995)

Kie_t Temperature coefficient for nitrification 0.0693 oct Yoon et al. (2011)

Kyit_bo Half saturation coefficient for O, limitation of nitrification 4.0 mg Lt Chapelle (1995)

Vbeno Denitrification rate at 0°C in sediment 03 day* Chapelle (1995)

Kpen T Temperature coefficient for denitrification 0.0693 ot Chapelle (1995)

Kpen po Half saturation coefficient for O, limitation of denitrification 2.0 mg Lt Chapelle (1995)

K ado_po4 Adsorption rate of PO,g4 in oxic condition 200 day™ Chapelle (1995)

K ada_po4 Adsorption rate of PO,sq in anoxic condition 40 day'l Chapelle (1995)

K pes pos Desorption rate of PO,y 0.08 pmol P Lt day'l Chapelle (1995)

PO sadmex Maximum phosphate adsorption capacity for sediment 0.685 mg P g DW* Chapelle (1995)

V set_pom Sinking speed of POM in water column 0.30  m day™ Yoon et al. (2011)

V set_pomoys Sinking speed of POM derived from oyster in water column 346 m day’® Kusuki (1978)

Vgur Burial rate of solid substances in sediment 1.0x10*  m day™® Kittiwanich et al. (2007)

Psd Sediment density 2.5x10° gDWm® Montani et al. (2003)

por porosity of sediment except in clam culture area in Akkeshi 0.79 no dimension Observed data

por porosity of sediment except in clam culture area in Hichirippu 0.60 no dimension Observed data

por_wc porosity of sediment in clam culture area 0.43  no dimension Observed data

K gs Light attenuation coefficient in the sediment 24 mm?t Ichimi et al. (2008)

Kw Vertical eddy diffusivity between surface sediment and water 1.0x107 m?s?t Yara et al. (2006)
column

Kb Vertical eddy diffusivity between bottom sediment and sediment 1.0x10% m?s?t Yara et al. (2006)
lower boundary

Kw_po Vertical eddy diffusivity between surface sediment and water 1.0x10° m?s? Chapelle (1995)
column for dissolved oxygen

Kw_po Vertical eddy diffusivity between bottom sediment and sediment 25x10% m?st Chapelle (1995)

lower boundary for dissolved oxygen
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Table B-7. Elemental composition of microalgae (phytoplankton, epiphyte, and microphytobenthos)

and zooplankton

State variables

C: Chl-a C:N:P References
(g ratio) (molar ratio)

Phytoplankton
Epiphyte

50.0: 1 108:15.5:1  Redfield et al. (1963)
43.0:1 170:15.5:1 Redfield et al. (1963); Hasegawa et al. (2007)

Microphytobenthos 33.7:1  75.5:10.1:1 Montani et al. (2003)

Zooplankton

- 103:16.5:1 Redfield et al. (1963)

Table B-8. Elemental composition of oyster and clam

State variables Nitrogen content Phosphorous content
(g N gDwW?) (g PgDW?)

Clam 0.1017 0.0107

Oyster 0.081°" 0.011°°

1: This study, 2: Nizzoli et al. (2006), 3: Cerco & Noel (2005)

Table B-9. Initial condition for hydrodynamic model and ecosystem model

Parameters ~ Temperature Salinity DO NO; NH, PO,

(°C) ) (mg LY (umolNL™Y (umolNL" (umolP L™
Value 1.2 20.0 15.5 1.0 1.0 0.5
Parameters  DON DOP PHY Z00

(umoIN L") (umolP L") (umoINL") (umolNL™)
Value 6.0 0.6 5.0 0.1
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Table B-10. Open boundary conditions used in the ecosystem model for Akkeshi and Hichirippu

Layer Month NH, NO; PO, DON PHY Z00
umol N L! umol N L! umol P Lt umol N Lt ug Chl-a L* umol N Lt

Upper  Apr 0.11 0.08 0.26 5.37 5.58 0.24
May 0.12 0.15 0.23 5.65 0.63 0.18
Jun 0.04 0.38 0.41 6.20 1.64 0.36
Jul 0.01 0.06 0.39 6.54 2.28 1.01
Aug 0.30 0.58 0.60 6.88 3.76 0.45
Sep 0.60 111 0.80 6.79 6.07 0.92
Oct 0.50 3.83 0.81 6.69 4.75 0.17
Nov 0.39 6.55 0.82 6.60 3.43 0.17
Dec 0.39 6.55 0.82 6.60 0.84 0.06

Lower Apr 0.59 1.62 0.57 5.37 10.62 0.24
May 0.25 1.49 0.59 5.65 13.27 0.18
Jun 2.68 5.28 0.96 6.20 3.25 0.36
Jul 2.02 2.13 0.70 6.54 3.39 1.01
Aug 3.15 1.98 0.77 6.88 3.76 0.45
Sep 4.28 1.83 0.84 6.79 1.69 0.92
Oct 2.98 5.04 0.93 6.69 1.61 0.17
Nov 1.69 8.25 1.03 6.60 1.53 0.17
Dec 1.69 8.25 1.03 6.60 1.09 0.06

Table B-11. Open boundary conditions used in the ecosystem model for Furen

Month  NH, NO; PO, DON PHY Z00
umol N L! umol N Lt pmol P Lt umol N Lt pug Chl-a L* umol N Lt

Apr 0.11 0.08 0.26 5.37 5.58 0.24
May 0.12 0.15 0.23 5.65 0.63 0.18
Jun 0.04 0.38 0.41 6.20 1.64 0.36
Jul 0.01 0.06 0.39 6.54 2.28 1.01
Aug 0.30 0.58 0.60 6.88 3.76 0.45
Sep 0.60 1.11 0.80 6.79 6.07 0.92
Oct 0.50 3.83 0.81 6.69 4.75 0.17
Nov 0.39 6.55 0.82 6.60 3.43 0.17
Dec 0.39 6.55 0.82 6.60 0.84 0.06
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Table B-12. River forcing conditions for DIM (dissolved inorganic matter) and PON (particulate organic nitrogen)

concentrations (Bek: Bekanbeushi River, Obe: Obetsu River, Obo: Oboro River, Fur: Furen River, Yau:

Yausyubetsu River, Pon: Ponyausyubetsu River)

Parameters Akkeshi Furen
Bek Obe Obo Fur Yau Pon
NO3  (umolN L'l) 17.94 47.37 23.57 38.40 30.38 52.36
NH; (umoINL™) 0.88 3.31 4.31 2.13 3.69 3.15
PO, (umolPL™) 0.88 1.30 1.24 0.87 1.08 1.58
PON (umolNL™) 3.40 3.40 3.40 8.01 7.62 14.17
Table B-13. Boundary condition for benthic model
Parameters Value References
NO;  (umolNL™) 0.5 Yanada & Maita (2000)
NH;  (umolNL™) 300.0 Yanada & Maita (2000)
PO,  (umolP L") 30.0 DIN/DIP=10
DON  (umolN L™ 60.0 Yanada & Maita (2000)
DOP  (umolP L™ 6.0 DON/DOP=10
DO (mg LY 0.0 Sohma et al. (2008)
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Fig. B-0a. Schematic view of ecosystem model for Chapter 2 (NOa: nitrite + nitrate, NH4: ammonium, POa:
phosphate, DON: dissolved organic nitrogen, DOP: dissolved organic phosphorous, PON: particulate organic
nitrogen, POP: particulate organic phosphorous, PHY: phytoplankton, SBA: resuspended microphytobenthos, EEL:
eelgrass, EPI: epiphyte, ZOO: zooplankton, OY'S: oyster, MPB: microphytobenthos, MC: clam).
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Fig. B-Ob. Schematic view of ecosystem model consisting for Chapter 3, 4 and 5 of nitrate+nitrite (NOs),
ammonium (NHa), phosphate (PO.), dissolved organic nitrogen (DON) and phosphorous (DOP), particulate
organic nitrogen (PON) and phosphorous (POP), phytoplankton (PHY), resuspended microphytobenthos (SBA),
aboveground and belowground parts of eelgrass (EEL.g and EELuyg, respectively), epiphyte (EPI),
microphytobenthos (MPB), zooplankton (ZOO), oyster (OYS), and clam (MC). Suffix “sd” denotes in the sediment
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Fig. B-1. Distribution of seagrass bed (left panel), clam (middle panel) and oyster (right panel) in Akkeshi Lake and

Akkeshi Bay (a), Hichirippu Lagoon (b), and Furen Lake (c) used in the ecosystem model. Mesh size in Akkeshi,

Hichirippu, Furen is 475 m, 75 m, 300 m, respectively.
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