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Development of methods for managing nutrient salt concentrations in the Seto Inland Sea (enclosed coastal sea)
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
Kii Channel 9(32) 0 0 5(18) 14(50) 0
Osaka Bay 23(74) 0 0 1(3) 4(13) 3(10)
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Bisan Seto 3(11) 5(18) 14(50) 0 2(7) 4(14)
Bingo Nada 8(53) 2(13) 1(7) 0 3(20) 1(6)
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(%) Sites excluded in Clusters 1-6: 1y-49, Bu-38, Suo-104, and Be-15.
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EELKEEYARBICEVWKEN RS, RMETSHIEEBFHKE - REKEEDITE
WRIBETA DT IANRRTESEMNHER SN (R2)

K2 EFONEBEICEITS2BEELKEENWEREEDHTR

Characteristics of temperature in the sand bottom during summer period increasing water temperature

Difference to bottom water (°C) Range of daily

_ _ ] temperature
Daily mean temperature Daily maximum temperature change (°C)

Bottom water 0.98+0.28
Estrfoxazi:fziow 4 cm —0.24+0.04 —0.44+0.15 0.67=+0.19
10cm  —0.50=+0.06 -0.82+0.18 0.47+0.17

15cm  —0.68+0.08 -1.06+0.21 0.36+0.12

Significant difference among 3 depth pore waters

(Repeated ANOVA, N = 3 for each depth) p <0.05 b <0.05 b <0.05
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B KREDELLICEWTYHE Y F
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THESNE-REDIFOFIIHT 2E5ELEY
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BHAEMN T, 201TFA4RICENT, B TH

EESh-EBEXEOBRBYWIHE IV FAD Mah stomach Estin ated contrbuton for

SEANFARELICEREIES 8% THRE O hinum —norassEl

Shtz, FFVADIEFELFRESERIKIC Anchovy 245 514

FEEETEEALNT . REKEBIZEIKRE Sand bnce 31-100

BEFGTWEEZONT, Shrinps 1992 -317
RECETZEFIEI~ADTSVI b2 ksser grass shrinp 22-1173

BRANF T - HEIVFAILOEREER Squils 26 - 363
ERGALAFTODHE L BR, A HF T
DEEEBTHH5RI. AFIADEDS5527.6~59.3%A TS24 FvBRMEICE>TE
ZOENTHEY. A DFIADEVERICENTEANFINEFIFOEAFEL LTER 3.1
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SA~TACHLWVWETRT7ZAYZ LOCEREEETH >z ERBEIPEETH>1980FEK
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T T B OCEREETHEONT132~468 mgN m2 d', 8.3~29.3 mgP m2 d'DEZRULY >
DEEBEEORINICE>TENDRERERBIACARMEINIXERZNFETERTEINZRRE
ot 2000 FEDHEFPNBICEEMNSBRINIZERSLIVI VIEZENRETNIBABT LY, 24+
VTHY. RFOTIESEBIIEFNEBLIKTE 381 hakdhTWWd, COF7YEBZEET
[F5F~8AICIHERTS. 4~29.9r>, Y TO0.53~1.87 b ZRINATRETHY . ChIFfEE
BRODEFRT2.2~7.7% ) >2T2.2~7.8%tHET d, TNIFEREHELIEIVZLELA, #
FREIZIZ1960F 4 (21X22,653 haD 7YX ESABFEE Lz, COERBETTVESNEEL
ETDEFDESIIEERTI 1~21.4%, ) TI1.8~21. 8%, HYKELHBMBEINPHETEZ S,
) “4-2 TR EZORBERIVEENEM TS 00 b BREOMGHEICR -3 &E

FREDEBLTW - HADOARREEIREXENDN20% TH - COFHEANTILEEZ
EDOEBEAEMLE T I ESEBTARBEHERELIZEZA310 hahd Z &b h o1z, 1989~
NEDNHEBRTHOZDEBEHO 7T EBEIEILI00 haThd, BAENDIO haD 7 EBEAE
ATHEEE3T0 ha2 KICT Y EBNEBLTVSHEZEEL. ETILHELLERNR20TH
5, 7RESHBEZENIEL-DIEICORDEI/4ADILEEBERIZITTHSH, 5A ~68 TILHE
[CHEBTOCh. GEENMETLTWS, GEETEXAINTHAABIEAONLEEBERICAE
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L. KEEZFV VI T—ADEENHIBETEIBERICH > TEMEEZHETESL L
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TRENDZBYOTENA D FTITOEEEFERELTVDEVSIFHLVEZHHMENES
nit-,

ANWFINERIT I LETREENODRELILZEERETCEZZFYTSZLNATEEZ L
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H—HHLEREEREOLRICHLT. ERANOXREBEREREZRO TRINT 2RREHESL
THELT. FEBERREENMEVEHICERT A7 IEDEFHBO—mERERTE,
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IS EA IR £ 37 9

(1) EGELER
<EZ:ATERIX>
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NTWb, W2 I FATVOIIHMT T 7 b b@8m7T 7027 hoThY, TOHEITL :
3EINTWD, 2T BT T 7 b AKIELTE N E T TFA T O = RAEFERE Z A
L7z (K(1)-32) , ZOfEFR, AEHEE L L THI90FEREIENKBIELS ., TOHIT—EThHD
ZENRENT,

—_
=]

OZooplankton dependent
production by Japanese anchovy

oo

()}

N

N

Tertiary production (mgC m2d!)

0
1975 1980 1985 1990 1995 2000 2005 2010 2015

X(1)-32 HEZITFAULOEWT T 7 N ARTES O ZIRAFE D RER AL

) -2-3-4 BREZNR DAL

FEREAEPE R KOV IR A PE OW T Wl 2R O EME & SEREAFEN D IRAEFES L OV E
FEM D ZIRAFEIZB T 2520 2 X (1)-3312 /8T, JBlR Lzl 0 EEAEEIC O W T, £F
EE 2000 DD R A BN, EOMOEH TIEIEIRN Loz, BELEFOLEAE
FEIFHXIIC KR E WD, 26 OFH O DELEHE ORI FE L. 20000EF1# 2> 5
KFEAAEZEIC > TS, —FH, ZIRAEETFFHNCHAD EEFOHRORD TH > 72n3,
RITVEFD &Eﬁﬂﬁﬁa CHZDEENKEI WD, 20000ER1% BB BNHRZ D, T2
7. wmﬁﬁﬂ%mmﬁﬁ% FT TV o 72 AU L 72 8288 C L 19804R R & L3 2 L BifE D
TWRAEPER FIEEDOEE > TV D,

%%é%#%:&i%@%&ﬁ$%ﬁékmmﬁ%%if@&&—ﬁwﬁ(oBiQm)%
IRLTWDED, ZOBRETHIML TS, EEEEEORMDITEAMICChLAEEN L &b EEWD
I CHAZE IS Z > THE Y . ChLal2FEN10 pg N2 2 5 X o R 3B 1) 2 a4 pE o b
X RAEPEDNAE R DN EIFBICR L@ Y Th D, 20000FEFTHZ E TIEZD L H 722
R FEChlLalf FE 2 /R 3R O FBEAFER B Loo b, FHEmEENKE <, ZRAEEOINIC
FEOUMT < ChlalEE23S ug LU F Ok CHRAEAEFENHEIM L T\ a7z, R & L Tl o
FEEEAEFEITEEY . SREESDIEEDREEL —E Lo, LML, 20000FLLFEIX, 2~5pugl
LT ORI C O FERBEAFENE T T 57200 C, &S0 E IR EChLaiR FE % /8 3 Wil o LA
FEDSWY Licl-, fERE L CIRERE/EM LI HEINS,

WA ZIRAEFED D ZIRAEFEDHRE N R Z D L 1985FRith 2R Z0.1LL FO#PH CTLE) L,
ZOEEIZRAEEDOENET L T0D, “IRAEEITHEHLE LR CERAEENEE L
TEY, BEDRPMENWZ L EBZAENF 7 TF AT O ZRAEREIX IREEITIKGFELRWE
FHThHLHAREENEWERmMT TIN5,
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X(1)-33  HLHEEPE, “RAEDHELET) (L) &HEEAEEND TIRAERL XU RAEENS =IRAE

PEICR T DHEZR (F) ORFRZL(L

(1) 3 7707 bRz s Lzmk AR RS O fiE
(1) -3-1 R K OEIRE D PN U 72 38 o 4L FEA &

Fish catch (ty1)

300,000 450,000
—@— Al fish - Planktivorous fish 400,000 —e— Japanese anchovy
250,000
—@— Planktivorous fish 350,000 —e— The western sand lance
200,000 __ 300,000
= 250,000
150,000 ]
& 200,000
100,000 150,000
100,000
50,000
50,000
0 - : : : : : : . - 0 , ; , , - . . .
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fERERSROWBE T T 7 FURALEZOMOATEIZ/H T TR L7z & Z A, 20004F
FTCOWERITT T 7 b BT I 200080 LU IT 2 Ot a5 oD THA S vz (K
(1)-34) . JsER L L CITI980E M6 — B L T L TWaD 2, 2O H 1320004 %2 5512 B /n
STWDLZ ENREINTZ, £, 1980FRICBITEH T T 7 b BAIF~ATIVRHFLTH-
7e3, 20004 R ITITIE~ A D VIRIFEEAEREW LIz, ZOBRIEILY—L3 7 e BEE
NARBFHRTHRBRICEZ o7 BGTH Y | HREL ZORICHEIFNEORREZ LN -5
LR TEARNEEZOND, BE T F AU OERFEREITI990FA 2 EIITFETHML TH
V. ZOEBTEICHIRAT@mY A E, CRAELTZ-BLTELT, X IFATTOD
& 70 2 R PE . CIRAEFEICIKE LIEEB L IXBE X O,

X(1)-34 777 hrofgfalzoofafficoy s () 8LV
NEITFAVEAL DT TORFEREOHR (F)

ANFTIZONWTEIE I FATVTEETRLRY BRERENRINTWVDHI980FENRNL—HL
T?ﬁ@\bfwé(ﬂ(l)—%) ARFTIZIHE T FATLERRY WITELIEREZAL TR,

WCE~KO@EAKEICIWoOR BN L EBHE2TO TR THIR 21795, B

%@&\4ﬁ+niig_mﬁW%%ﬁkw\ﬂ@&igﬁﬁi4wfnukofiﬁ%\E
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R, BESVE L LT TEETH S, LD, W NHET19604EF 0 & W 7= HERD DR B
X, A DT TEFICHD TRERADEEELLEL LEEEZLND, K()-35ICEEREZH
LIS DRFEAC I T T2 A HF TR k9728, 19654 CTHERD DR HL & X0 8 7= S i IR ¢ g if 8 &
DWPIIROEND S DDZEDHAIT/INI VN, —F5 T, 19984 ~20064 F TR LI A £E 1L L 72
Do) LR, BER KEREZHLDE L2 OM ORI TIR1980F R LR K & <
MLLTEY, EEHTHD BERWEDMIEA T TEFEOW DK E 2B % RIFE LA
eI AV,

35,000
—®—Hyogo
30,000 —®—others
25,000
20,000
15,000

10,000

Catch of sand lance (ty)

5,000

0
1950 1960 1970 1980 1990 2000 2010

X(1)-35 ZHIE 2SN DRSS T oA B TR SEVEYE) OHB

(1) 32 7727 b BATHDA DT I OEIKEEMENT
(1) -3-2-1 ™G (R RE D PEINSS DHEE & HUEME AR RE & D i
20144F1 A O BHIFIC LD FER v RIS W TIX, 4 7 TFAIEETOFHEM S T

LIh, P (LW~ (S B (RS ~ 8RB o G ERENIZ B W
TA T I OREMEEN L 0> 72 (K(1)-36) o 201541 H TIIEREM BRI ND 22 h o 72
DS, AT, R, BLOREB CHAZERE L, YA X2V THRER TERN
HHI, FROERITHTIZERTWVHRALRA LN, S5, KA X285 EKE/ND
X, FUFAECHRESNTE DT TOANVVETHRER I, A0 KR HE T Ve
MRALNDZENL, WENEO R TR OLNDFROERY A XOERIT, KEOZERICX
BHEEYR (TR ANV TIIE) R D Z A 2 7 DOEWITEK LTV 5 A a2 RIS
ENT, 2014 FE 1A ICE D NIFRDOERY A X132.7~13.2 mm, HEE Sk B EIX0~27H &
EENT-, KFEBHCED2 I ab—a kv, 2= A B0 CTREIR S 3
FEL TV DAt " S (K(1)-37) . £/, HHEEOEEREINE CTH 505 -
THEENTAFRITIFIRIC O > THEIEEIRIZIIBE LW EBH LN E o7,

x 0
. 10
® 50
| @ 100
0-
e
E 15 ] 15 o :%
£ 10 2 10 '
=] 8 @ O§ o o i g E -
c o g hs o
8 97 i:.g e 5 8 o
% 0 T T T T 1 0 T T T T T 1
,g 1325 133.5 134.5 1325 133.5 134.5
Longitude (°E) Longitude (°E)

X(1)-36 A AF IfFaORES (F) BLIORELEKEDOREEZ (T)

50



S-13-1

X(1)-37 #WEWMETPEE (SR ISRV TH#EShIcA T T DOEINE

(1) -3-2-2 HEBMEMARE & o v ER 8 AR O B i) 72 43 1k

AARBFEIZART DA B F 2 Ammodytes japonicus D BARHIE MM EHATICE LI~ A 7 1
P77 A4 FDNA~—H—11FEZB% L1z (£(1)-2) , ¥ Li~A 27 v¥ 7 74 FDNAIZEIT
L7 INMERHEL, XA YT 7T A% Y TEHTSTRUCTURE 2 H W5 89 72 42 [k % i
MrifesE R, BRBREOA - T1E, HFLUIOER, 8L OEHLIEO B AN « KFEHERAE -
W NEE — Do L35, 28BS PND Z ENRENT, £, EEMOERRE & 83 E ek
BEFJACET A AEREICBN TS, WANEBIZAERT 54 T, EEMIC—2D0HERT
AET D T L (Fu=0.0062+0.0012 : “EE + FRHERZE, p>0.05) . A BT EERGO—>
DOFE =B OEM (Fa=0.0058 +0.0011, p>0.05) <°HARWIZHAT HEM (Fa=0.0060 +
0.0008, p>0.05) & HLEMEIICHMRRSIERBD SN2 ENREAMIT B (F(1)-3) . L
=R o T, WENMED A FF DI ERAOER & LI E—oEHICE L, {7 N H 6O
W THAIBREOBENHALOOMEESNTWS Z LN RENE, 20 L Ly, R
2D AR ELAE U NI AT O A BBREORELZ XD Z LT, WIANEBAEHOA B
FAERBEOLFE DI T B, W NWERTE O A HF IEEREN A ZEEREE LT H W
FNERETOAL DT TORHSEEZEHO DL EICHLHEMTE D LR INT,

F()-2 R Lic~A 27 a7 714 FDNALEDFE

Locus ID A:z:'s':isa:":\fo_ Repeat motif F Primer sequence (5'- 3) R .f,.'.':,“%iﬁ Number of alleles Allele size (bp)
Amm001 LC075600 (AG),p CGGTTGCCTCTTGTGTCTCATC CAGGGCGACTCATTTCCATTC 59 6 115-125
Amm008 LC075605 (ACAG),4 ACCTACACACAGTGAAAGGTACCTTGC GCTCTTGGCTGATCTGCATGCAAC 59 14 269-337
Amm016 LC075613 (G GCATGTGCAATAGTGTGAATAAGTGTGG TGAGCCATGGGTGTAGGCAGTG 59 8 119-133
Amm017 LC075614 (GT)s TGTCCTCTCCATCTGCTCTGTGTCTC TACCATTGAGCATGAGCAGGCCG 59 18 148-212
Amm021 LC075618 (GT),s GGAAACCCAATTTGCTGCCAACAGTC CTCCTGTCCATAATGGCCTTGAAGACC 59 22 155-211
Amm022 LC075619 (AGAT),, CAGCCATCACATGCTTCTGCTGC GCTGCAGAAACAGATGATTGTCAAGAGG 59 18 131-207
Amm024 LC075621 (GGCT),, CCCACGCCAAATGCAGCACATATC TGGAAGTTGCTGACTCACCTCTGC 59 16 154-218
Amm025 LC075622 (AAAC), AGGACTAGGAGGAATAAAGACCGAGGC TTTAATGCCGCAGTGGTGTGTTTGTC 59 5 184-200
Amm027 LC075624 (ATCC) TCGGAGAAATGGCTGGAGGC TCGCTCACTTAGTCGCAGATTGAC 59 7 169-201
Amm028 LC075625 (AG), GGGAGTCACACAAGACACAGCCTTAAC TTCATTGGGACCATCTTTCTCCCGC 59 6 202-212
Amm029 LC075626 (AG), TGTTTGATCTTTATGATGGTGGCAGAGC AACGTGACGCTATAGTGGCCGTC 59 8 187-205
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®()-3 ~A7uvPT T A FDNAZHICE S S M O B EF. (TH=fA) BLOZ OplE
(sequential Bonferronis THiEZ D, L¥=f) , AEE>THMEEZIKEAXTTRT,

Seto hhnd Sea

Ehieme Takehara Kam agari Kagawa Hyogo Osaka| Achi Fukui| Wate AomoriHokkado

Ehieme 0999 0999 0999 0999 0.248] 0999 0.957 NV i<l
Takehara| 0.006 0999 0999 0999 0999 0836 0.999|F NS S
Kam agari 0.005 0.007 0999 0999 0.999] 0.999 0.999 |l ST S
Kagawa| 0.006 0.006 0.007 0999 0570) 0.999 0.999 BV Ty ST
Hyogo | 0.005 0.005 0.005 0.005 0.999] 0.999 0.999 L ST i

Osaka | 0007 0008 0008 0008 0006 (LI 005 <005 <005

Achi | 0006 0005 0006 0005 0005 0008 XX <005 <005 <005

Fukui 0007 0.006 <005 <005 <005

| 0009 0010

(1) -3-2-3 ZRHFICBIT 54 A F TOEBRRE LA B ) =0 JEE R

PEIRYG & HEE SN T L5 =R T I8 25T O REREN, 4 W AOERSGHTE L
TEYTHDLIPREET 572D, 2014 L2015FOEMIC FL Yy DICK D2 BIRA DT L EE
DOREFEZ T Uiz, TOME, MHEM 6 KIG B &K= OB £ ¢ o = JFHE 5~ b
U7 GHR) & ZJREMEEL O =R R Y 7 (QHR) ICEIRA B T O fETE
iR Lo (B(1)-38) o B L 725SHUS O EE 1T H RRi20.43~2.25 mmD Wb ThHH |
JRIFE0.43~2.25 mm, {EIKE0.81~1.79DWEE TH Y . WTiL b hif0.25~4.0 mmD WKL+
ZBLER0O%DEREASTEDWEE Th-o72 (F()-4) . ZHITthiEsD A H ) T HIRE
DML (PRI : 0.125~4.0 mm ; A5 19977, SCHE 19983 | fEJF 5 20031 ) &
I DEEND, —H, A DT IAPERTE oSO KREICHEER YN E L & F
. AT TOEMARICHE LW OEHEERFEREIK N T, EDOXIBRA DT ID
AR S 72 W IR E BRI SN E TO ZFUES PR Y TIZH NI H o
oo ZHWEFEETY 7Tk, RERICEDERA T IAREIZBNTHEA T IO BN
BENTWDN, FEA I TEEEITEDEMICH D1, =PI TA AT TDE
MR AR B L 72 BV R O 43 AT DS HIBRAIZBR DAL R BBICH D 2 & A3, A W & IR[EIE %
KT D KN/ 5 TV D ATBEME DS RIB S Tz,

Sunami

Iwaizaki

Takehara

Tadanoumi

BI(1)-38 225 = P KIS B0 5 N by DA GUHD - St1205St-11) o BRI ITE %=
DOFRFNTRR I 2R, B 3A BT T RIS 2R,
SAENTIRRR (2017) OOFEER (REB Y F20154ERE CTOA I TEREHS) .
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F()-4 WANE =S ICBT D FLy UHHEMSTOA 7 T & EE M, ND: K& R
HENR KIS 2 ED T EMBRAIEN TERNoTmb D, HEMSOMNEILXN-38%2S W, FHE S
FEHBEIL20144E L 201540 R Ly UHREB MG S O BEAREEEZ RT, HFEDEEREKEDEHEIX

FNZFHPiFE0.25~4.0 mm & KifZ0.5~2.0 mmD WS D EEE|IS 2R,

Startpointofdredge sampling D istance Characteristics ofbottom sedim ent

Depth Num ber ofcollected

T e (0 o @ ol ) O ST Shlioanis Shrsors
(m) [m (Md 9)] (¢) %) %) o) (/m2)
1 2014 34-18.598 132-55.719 340 35 2 043 (1.22) 1.18 81.8 325 14.2 0.77
2015 34-18.436 132-55.608 34 0 1.18 (0.24) 1.1 76 348 8.1 1.05
2 2014 34-18.753 132-57.799 450 31 2 0.82 (0.29) 1.15 953 60.2 125 2.01
2015 34-18.998 132-57.781 37 0 1.23 (0.30) 1.65 80.1 317.6 8.1 1.23
3 2014 34-18.711 133-00.602 140 38 0 456 (-2.19) 2.36 374 9.3 47 3.03
2015 34-18.660 133-00.675 34 0 0.45 (1.15) 1.94 134 212 144 127
s 2014 34-20.980 133-05.689 280 20 0 447 (-2.16) 0.59 412 4 ND ND
2015 34-21.132 133-05.665 18 0 8.00 (-3.00) ND 15 05 ND ND
5 2014 34-21.411 133-07.664 10 19 1 225 (1.17) 0.81 85 418 8.6 127
2015 34-21.504 133-07.721 15 0 1.21 (0.28) 1.39 823 52.6 9.1 1.1
6 2014 34-22.765 133-08.802 550 28 0 5.06 (-2.34) 1.1 39.7 14.3 33.6 259
2015 34-22.479 133-08.697 24 2 1.68 (-0.75) 1.05 83.1 56.8 359 1.16
7 2014 34-20.047 133-05.262 360 13 0 0.46 (1.12) 1.45 84.7 26.6 203 16
2015 34-19.860 133-05.207 20 0 0.40 (1.32) 13 813 20.8 14.6 0.86
8 2014 34-19.046 133-03.309 270 38 0 2.87 1.52) 2.28 52.8 18.3 104 2.85
2015 34-18.947 133-03.173 36 0 792 2.99) 0.52 125 25 39 3.3
9 2014 34-17.523 133-03.621 10 22 0 3.02 (-1.60) 2 59.7 14.4 258 237
2015 34-17.552 133-03.560 27 0 0.70 (0.52) 2.09 68.1 15.6 16.5 1.16
10 2014 34-16.287 132-57.900 40 35 0 2.11 (1.08) 0.96 823 473 5.1 1.39
2015 34-16.288 132-57.875 35 0 244 (-1.29) 1.67 68.5 34 114 2.23
" 2014 34-14.043 132-57.260 240 21 1 0.97 (0.04) 1.79 80.1 30.9 22.7 1.64
2015 34-13.999 132-57.110 19 0 1.76 -0.82) 1.21 89.6 449 16.9 1.23
ST 2SO A NS TR, A A SOOI EN S EEBEEEZE LML

TEHIB RN, 22T, A FIAPRRBINTHEE SN oD EE 2k Lz &
ZA AT TR HSOEE O AWEREIL, 0.77~2.01 KN m2O KW KHUEEZ R L T\
4ﬁf:%ﬁ%m&#&ﬁmm(%m%&%ﬁ% CHEENTSETESAANE S LTER<) DIE
BHOUWRIKE, BidARICAEE wwgn&wot<%md) — 05 A T TR LS
@F FOHIBIRITA BN < HABRER RNV E WS ERR LD BT (F
(1)-6) o BT, KMEEBRIC i@4ﬁ+n#%<§@btﬁ T2 5E L < ¥ 2 JEE & A
FrE IR Lo, MEtT A EMR E LT, kiR, RIEORIKE., BEEHE, AW
BEICEH Lozt e, KIEE~OA W FIEMELIREMHRICOVWTAT v T T A X
Elf BT AT o 7o fE R, WWRELFAT 2L L LT, TAWMREOLPTIALH L L Tk
REniz (K1)-39) . T7hbb, FRERIY LEABBEN L HBICEDELHHAT D
LN TEDLARENRBRINTZ, ZORBPEIIA DT ITICLE>THELWEESRMGFDO 1 oL
LT, EE~OED LT IBLOMH COBH LT ENEETHL I L2 RBRTLHHO
Thbd, N RR—=vE W= AWEEORE XSG REHY CHEIZ A RE T, Wil
DT ADULEIRRI RSN L0 b ERFE CTH D, flikko A I F TEERICE
WTHEABBREZRIEL L CHEA TE 20 IMRARLETH LN, A4 TEFEOEES
RO L7 DIRERBEFMMICB W CHERET L PELE D ERMBEINS,
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F(1)-5 WP NWELSEE =R T B 2 Bl A B Bl (St-1,2,5,6, 11) & FEERAHA
(St-3,4,7,8,9,10) DOEEMERIEB, W F TR S MR OT — 2L, A BT IREM I N7 E
FEOT—% Dk FEREET — 2 I13R<) o A 77 IR 6 Rz 20Tk, OR12[E O
'T— 2 EHEH LT,

Results of aestivating sand lance collection

collected sites

not collected sites t value

p

Median grain size

Sorting
Proportion of
preffered size sands

Proportion of
suitable size sands

Shell containing

Shear strength

(mm) 1207  (5)
Md ¢) 007093 (5)
() 12+04 (5
(%) 85.1+60 (5)
(%) 4441136 (5)
(%) 188+109 (5)

(kKN/m2) 1405 (5

31+27
049 +3.12
1.6+07

553+273

179+13.6

128+7.1
20+£09

12)
12)
amn

12)

12)

10
(10

-1.5
-04
-12

24

37

13
-1.5

0.1
0.7
03

0.03

0.002

02
0.1

F(1)-6 WP NlE 2 =M = JRWUT ISR D A U T FER LR & IEER A R O EE MR e, =AU
PR U 72 - THISICHIRDEE 24 L TV aSt-7Z2 40 U & LA - T IEERA Hi i 2
LW, PRRR & EAWREIC A U TREMA E ORFEER R LD BT,

Results of aestivating sand lance collection

collected sites not collected sites t value P
Median (mm)
grain 12+07 ) 3.7+£2.6 (10) 22 0.046
size
2
Shear (kN/m?) 14+05 5) 22208 ®) 2.4 0.03
strength
90 -
~ 80 3
X o & o
5 70 9 o
o ®. y=-28.7x +100.8
5 60 Y R*=0.679
T 5
Q 1
=] .., @
2 40 o °
.E 30 1 . .
2
E 20 4 °
M 10 4 ° .
0 : : —
1 2 3
Shear strength (kN m-2)

BU(1)-39 A BT T ORMEERICI T 2 EEOE AKRE &R (B EEREE) OBk,
BWRz BNEK L LIEAT v 77U A ZEERSHTORE, KEOMHEMER AT A—=2D b

HAMRE DA PBALE & L TEIR ST,

(1) -3-2-4 A A FITOERENERET L O A D E N O BR 55 7 ]
WENEBICBW TR CTRELISEVERT 24 7B T2 . P TOEREBLOAER
REDOMAZE LT, AT TICL o TUEREEREDO TR Dt a7z, ET VHEFEY
ELTA DT IARHORBEDOT Z AL =X &AL TR OAREE LT 2FEERLY
HIREF O KIBBREEICBNTA B TOBEBMWIEEIL10 cm ARl CEALFF O RIES : P51 em, &
K89 cm, n=65) THAZENWERENTZ, 202X, A FTOABITIFIEE10 cmbL
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FOWEROHFENTFE LW ERbhrolz, £, PFEAMEKICE DMWMKOEE Z T 2
fHEERNS . A B F TIPS EE EOWKEW AL BRZHERT L2 & (K
(1)-40) \ W COEMEENRLS 72 21T EWRIEE L2 S A B TITWAKRPEET 5 E TOREH
DIFEE B I3 5 2 & (M(1)-41(a)) . 3B L OMEKEUAZ E TORAEINT 213 E
TOBRFHREOMHENRKREL DI ERHALNE -7 (K(1)-41(b) .

Time elapse

BJ(1)-40 FHIZIB T DA A F T ORI T 5 EE FAKRSLEOA O Fk 1

75 —
(a) i r;]D 0.4 | (b) @ Aestivation situation (24°C) Y /
5 g 60 % O Active period situation (16°C) ®
gE g
3 3 Y = 2.54 X 022X - 5 0.3 ]
gg 45 R2=0.82 g g
S @ S8 o
= = ey
5§ 30 ®C 1 22% o e e 8
g2 . 2 | 87 g
= £ 15 ° 5 0.1) @7 .
S £ ( S @)
— o 'U
rog® 2
0 3 0.0 '—O T T T T T T
2 6 10 14 0 10 20 30
Depth of month top (cm) Residence time in bottom sand (mins)

X(1)-41 (a) WHFICRT DA BT T OEMEE & E EOHEKNBES % £ TORFH O REAR
(b) A rh EK Ok IRF ] & TR A7 IR 3R e 2 O AR T & D BIfR

Flo. ABTIABRERT 2ZFOEIDENREL 2 B LR, WIENTIE, BEEK
i, ARemKiRngh s EIEERE LR XD AREITERVKIEDN R S, IRSLET 51X
EHEEKIR - @Kl & BIEWERE TA AT AN BIRTE 2 Z &M Sz (X(1)-
42) o Flo, WHERSICHET 21FE — HORBEL(LDOEN /NS SLE LLIREREIZH D
ZE bR ST,
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Transition of daily mean water temperature at

above and bellow the coastal bottom sand bed Example of transition in one hour mean water temperature
~ 28 3
e < 27 I T N T B
g | | | | | | |
[}
o LA A A
g g 26
:&.; [ | | | | Pore water below
2, g I | I bottom surface
g 26 - RN -
- < | ! | | |
5 Q
5 g 25 I | |
g 25 5 | I | |
> 1S I | I | |
= B
5 © | | | | | | I
B ooy £ 24 | | | | | | |
) 5 = o O
Ee o = @ = 0amMlZ 0 12 0 12 0 12 0 12 0 12 0 12 0AM
o o0 o0 o

—— 82 ' 83" 84  85' 8/6" 87" 88’

Period for analysis when temperature increased

Characteristics of temperature in the sand bottom during summer period increasing water temperature

Difference to bottom water (°C) Range of daily
temperature
Daily mean temperature Daily maximum temperature change (°C)
Bottom water 0.98=+0.28
Pore water below 4 cm  —0.24+0.04 —-0.44+0.15 0.67=0.19
bottom surface
10 cm  -0.50=*0.06 -0.82+0.18 0.47+0.17
15 cm —0.68=+0.08 -1.06+0.21 0.36+0.12
Significant difference among 3 depth pore waters
(Repeated ANOVA, N = 3 for each depth) P <0.05 p <0.05 D <0.05

X(1)-42 EFOWEHREIZI T 2 iEE AR &0 ENREOHER

PIEDOHRIY, Wodb TCEIRFICEE EOKEGIEAATHRTILENLNS DA )T
IZE 5T, b _XKELSE D 2 & ERRHIC SR B O @ CIERISIC e D —F . FEROE T
IANPEEDL P —FRAT7OHFTEIRZRNLIETND I ENRRBEINTZ, ZDH, A
HF TNl o THBEREERRE E LT, MBRMEE XL B0 EKENE W E IR T L
ATWRWEEEREIZE, MR OmE TROI_XSBHESEMT LI 2L L, EFEDRF
AN AOEBHZERT 2@ 2 REZRZIETL2E2EZ2 615,

(1) -3-2-5 ERATOEIBREN A 7 2O FAEREICRIT T HE

BRI TEE LicA T AOEREEIXI A KRR TR mmTh - 7208 KA RS T
1375.6 mmToH o7, THPHIIARICDT TOREORDIRIL, fAEX TIEL36%., KHEEEX T
1342% L HEE ST, IR TIEA TOMMEMAAE LA, (KGR X Cld i #1912 82% D i {4
MEEA L, 18%ITRAA L7227 o 7o (1X(1)-43) o RAGEE X TIXARR S K& WERIZ SR L T
DA DA DAV, S0%AAAE R IX70 mm & #EE S vz, IIRIZ12~1A 1T THICEERX O F
MAREL (RA BT, p<0.001) | ARFGEFSRMETIIRADETRENLD Z LB REB I
Too ZZINBITE B X TITHRREKRFETE L, FH6,29TH. Th > 7= DIZxf L, IKAGEEX TIdA R
Wb BT IER2251R C—EThH -7z (K(1)-44) . LhED . EARATO RS 23 B
BIE A AT BN TERY A XA REEAEIR ORI, R DBIE, PEIRB DD %
FlelE oz EnRBgan,
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B(1)-43 A T T OFFEGAM T L O pREAE K(1)-44 A HF TOEE LI O BEIE

(1) 33 WHANBOFEEABMTHL X T VA OEM
(1) -3-3-1 ENEWRT
R, KIKBEOELLIZBWT O Z 7 FAUVRELBERINT, £72, KRB Tl

DIFNICHBIE (Yav T v@) OFEEREmN-oT, 20174128\ T, Bl ClE I
EEOENEDINOANZ 7 F AT A B FIRELICHEERA8.8% THRH Sk (X(1)-45),
L22LRA, RKIRBETHRESNTZZTFUTOERNEYN LTI EZ 7 FA VL, AT LB
BHENT, YA U EAENLCHE L, Fo, EHo0fkTh Yy av I v HOER
HEBE Do Tz, #F U4 o E & T E&HE IR CETA LT, RKEREIZIX
RERETRWEEZ BN,

Osaka Bay

Hiuchi-Nada \\7

0 50 100

Sand B Other fishes O lesser grass shrimp O Others
lance Leptochela spp.

[ Anchovy 2
B(1)-45 201748 BT DX TF UL OENEWHK (EE%)

(1) -3-3-2 ZE RN AR

BEHCRB T A X T UF~DT T N RBRFAA T BT TF AT OEBRE %L E RN
WL DHEE LTz, HEEIWZIX, A T3« b X7 F AU Oz, BECS T %T U4
DOENEMICET LMY THEMEINEZAFUAICESTEELEEZONDIEAEMEE DT
RFE - ERLERMAKLE (F1)-7) ZHOVHE L, ZORR, A T TOFRFIRETH H5A
W, XTF UL DD H H27.6~593% N7 T 7 FUBMFEICE -T2z TEBY, 447
APRDRVBREICIBNTOEA DT AN ZF A OEERE L TEBR (3.1~10.0%) LTW5HZ
EMEMT BN (F)-8) » TNHOMELDY, BEETIX. AT TOEIRMETOS~6H1IZ
2 F U F KREEROBIEN G SN DT, FTUAHEE~DRELE LA DT AR XY
FATUNRKELFEELTWD I ENRREBINT,
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K7 BETHESNTLZTFUOABICEOENEMEIVINESNTZF oA DO EER
BHEMIC IR T D IRFE - ERLERMELL

Taxa N Carbon stabk sotope ratb o) N itrogen stabl sotope ratb @)
Cuthssfish 30 -15.81+0.26 19.25+1.19

M an stomach contents

Anchovy 10 -16.75+0.67 16.32+187
Sand hnce 7 -18.88+0.34 15.89+0.83
Shrinps 4 -1552+0.28 15.81+£1.32
ksser grass shrinp 8 -19.24+0.62 1445+0.33
Squids 2 -17.22+0.21 18.47+1.26

F(1)-8 [RF - BBELREFNERILIEES A ATV THE SN
RREED X F 7 AT HEEEAEY O ERE S

M an stomach Estim ated contrbution for
contents of cuthssfish
cutlssfish M nmum —maxmum %)
Anchovy 245 -514

Sand knce 31-100
Shrinps 192 -311

ksser grass shrinp 22-173
Squds 25-363

(1) -4 MESIHER B WINEBICE L L= 7 ~E 275 LI AR e a8 6 ok

(1) -4-1 7~ DRBHEWILHERE

(1) -4-1-1 HEFT IS 3T D HEEAEPESR O A el L ORI W IIGHE o FFAfh

TEDEFE - RBEOWINGE %R U WIREDOIRERICERT 274V, 27 ~%,

AR & O LRl CREAM L 72, K(1)-4613 R B8 BN E 3 2 i pl P Ic B W T, £ 2124k
BT 27 ~E52 GO A EMEAES OB AEEORBE(L 2 F2FERICh Y . JIE Lk
RThd, TNTNOEHAE L TWAHHMEITR AL DN, 22 COERBEAEIEFTLT COLEER
FElhoTWd, BERBANDELRFETIETAINERL, R TFE LT AVRNER LT
EBFEL W, Z207d, TAVOEBAEREITEMEZBL TCREIRMEEZRLEN, TvELE
R THASA~TASOLWVWETHEHT AV 2 LOSEBAEEETH-o T2, BRENNEZETH -
72 19804 X D Chl.afi FE 2320 pg 1'% 48 % 2 Wik o L £ FE & DLik3 5 5,000 mgC m2 d-'F2 fE o
WAEEZRL, k> TUXZT OGO Z R LT,
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B(1)-46 HUEIRT TSI 3T 2 A PER I L 5 A E DR Z b

B(1)-46 D FEBEAFEITH 02 E T CTOMEROT, EEOHIK TOT vEDAFTKEL K
BB T D AR A RS o 7o & 2 ASH ~8H D HHE A #E132,200~7,800
mgC m2dlE72->7-, C:N=1:0.06, NP=16:1L LCEZBIOY v OWINEEZFHE LZ &
Z A, 132~468 mgN m2d', 83~293mgP m2d'&eo7z,

) -4-1-2 kKA ATREE I T 5 T ~ T OWINE & O R

T DEEREICONTHIEDNEORFEIE T O ELLZHERH D | 2,900~3,900
mgCm2d'EHEINTBY, JxORERBREFIE LRV, £, Y77 —v204EBETH
BHEOWIUEENREL DN THEY, 160 mgN m2 d'Th b, EBBITIHRANRL, LS
BROMER T LT 5 ERBERENMRVBIR TH L7720, EFROWILEE & L Tl
BETTIB OWIGEE OFBN TIEH 503, KWMEE 72> TWnd,

T8, £ BB TR LN7-132~468 mgN m2 d!, 8.3~29.3 mgP m2 d'OEFEK VY >
DRBEREORINIC L > TEDRERERBRNOANMN SN REBEHEAZIDFHTRBTE 2% WE
H o Tz, 2009FE DM AN GAMINDIERB LR VIXZENENIH38T >,
24 THY | B OT ~ ESEEITEENERILT638lhal SNLTWD, ZO7 ~ESHE
TIESH~8AICIHEHR T84~299 >, U2 T053~1.87F» ZWILFHETH V. Z duidfeisk
AMOEFZT22~77%., U2 T22~78%IZHYUTH, ZIIZTERZRE LTV 72V, A
FNTEIZIE1960518121322,653 haD 7~ B NFE LTz, ZOHEMETT v ELNEE Lz &
T5HLEZOEGITEFE TTT~274%, V2 TT1.8~278%L 0 RELHIBMENHI/HETE 5,
) -4-2 T B ORBEWINEREDSEY 7T 7 N 2 HERRO M F T T E
) -4-2-1 [KEBICBIT 5 7 ~ & O 4B " REHE O FEAl

TYEDOEFTL TWEHUAORREIZRELEDKI20% ThHh o7, ZDO5MEHWTILEE
A OEEN 2T ~BHAFTARRBIRZ/HE L& 2 A370habh b 2 En¥bino 7= (K(1)-47)
1989~ 19904 DFHALIF T D Z Ok DO 7 ~ E S HfEIL100 ha Th 5,

100 ha 370 hav .
. i {
)’ o
_J/ A .
\ <l - )
/./.A : e 2 /’/.r - B e \ - S

K BB AL B T D BAEOT ~ 25 oA (F£) LWENRAET RO (F)
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(1) -4-222 IRBEICB T 27 ~EORBEWIUZ L 28077 > 7 b o OHEIEMEI 5 O FEh

BIFED100 hatd 7~ T3 & A F Al GEWEIN370 ha2 R Ic 7 ~EH N EBFT L TWDIEAEBE L.
ETNVEHRELIZERDBK()-48TH 5, 7vEHEBEZHEMIETZDIXZ OKO EE1/40 A6
WEZTTH DM, 5H~6H TIEHBIZILE TOChLaEENE T LT\ 5, JEEE TR
Tod 5 KE)I ORI WEEICAE L TWD2, ZOWJIAKIZEMICTEL TN 2 Enmbh
TEY, LEHLSLEMTEWChLaREN R SND, 7 ELHEMOEIMNELZ OFEMIZIBNT
HChLaREDRK T 25 LTWD, —H TEFRECE O ~OEBIIRENTHY | M5
PERE VIR EEICRE LZXIR E LCoOFMEE R LTz, — T, TH~8HIZ 2 L858
BINDN, SA~6HIZEOHBEN L2, W77 07 M OBFEH & 7 ~ E OB
IZETFOTNRHDLI EXRDLND,

- 0 5 10 15 20ug/l
— ——

K(1)-48 SH~SHDIREEIZB TS (a) HPH (100ha) & (b) T~THAEAEEME (370 ha)
TRCWZTENEBLEZERE LT & & DOChlalRED A

= 3
0 2 4 6 8 10ug/l - »
—

5. AFRICLVELNRE

(1) BEHNER

1. ZHETEMCE-> T ERARE, “RAEEOHEEAChlall ., B, AR, SR E
S RCAIT DN TWEKEE=Z ) VT =2 OHEET D FEEZME L2 L ix, KET
=RV T FOEEN S DWW TITBEICH > TEWEEZHEETEHZ LICRY, 5%
DUEIRIZ I D AWM AEFEDIIFE DR BIZRE S HRT 5,

2. BHEIX19004 LART 2> HE STV A MEIRIC I 1T 2 AW R AWBREORIE CTH 208, H<
FTHRONBERELZRL TV DICEERD, BREVOERSLZOHHFEIZL>THEHIND
W77 7 NUBEODEICE > TEDLLIEWE DKM U CHIREAZHE L VY
T N UNDHRFIC L > TIRESNDIBAEEZRET D FEEZHEBE L LI - T,
ShOFENEOENERY T 707 N EEKELTTHTESZ LI HEY I 2L —
TarOiERRERZBL T, MEFORRBICKRESERT D,

3. AT IAORBEIBIFICOWTIT I E TRAESA TRE I N TWZA, ARUFZE Tl A Bl
TRINDEOVST INA DT ITOERERGZREL TS E VI H LR LRSS
niz,

4. A DT IANEWTHETRIBE»OZELLBERRE CEZFAEVYLI LN TEDL &
DREF, A B FIANEKEMZWHR TEIRT IERO —ma O TH LT LT,

5. WEPNWEOA B ATBEMERE L UIHE—-0EMICBE L, WA NEOREOWEM TH 5
FEEDOEENH AL OOMFF ST D Z R Ehi,
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(2) REBR~DOEMW

<ATBDBEICIER L2 AR >
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FRlZ . SOEWE T YRR L TIRE R N A BT 2 ERbN TR, Bhsd X
S EREME D RIS L A2 B,

2. EREHAEXEZAOCCHE LBENDORMBEAE, “REEOZLEHEIANETONAH, =Kk
APEDEACIX, A% OREHIEEE OREICB VT, #WEOREHIBENIR O MREED 72 DI H
SNDHZENRAEND,

3. AWML TR LI-HERBZHE W OESIL, ENENOMI T T T 7 M UBIFEL
BRWERELEZHAEOBEBRETHY , FRFEEHICL > TENZNOWE CEK TE 5 RAD
FBRHENFET DI AR LD TH D, HIBEGFBEHE X, BEANREL RO TWVDHIH
FBEPEORTEICHNT, ERARREEZEHELRET HZODOEHNRLIAEND,

4. HEOMERRMERAEIC X o TR Rk & A A 0 2 Pk, REEFHICK T 2 EAMICER,
HRTDWIRORER CITTEHIND 2 EBHIAEN D,

6. EBRILFEFIREDRR
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(¢) 7TEEHRDORZLEBHZEGEOLIL, BLIWY 1) T~EEHAKDORFEHZEL (CNE) O

WA, IR BT T v BN REBEMBERICH 2 2RBIZONWTERT 5, ABENH
T DM M IC 11,426 haD 7 BN FAIEL (K(2)-2) . TNHDT v ELSN R TAEE
L [FISEDODIN (160 mgNm2d!) ZERT 25 EIRET H & (il CIxEEYicer ~E
BCHREE LTL8~22INd! ODINBBEEIN TS ERED bz, — ., il g o
AR END2EFR (TN) BEIZAFH TR IND EREL LN TWD, 6o T, fiiil
WP CIX BRIV T, 7T EHICEE SN D ERITNNITNA & 0D2.2-2.7% FRE &
RIED biviz, WIZKHEDDIN & 7~ ERBROEFBAF B4 kT 5, i - ik O DINIE &
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DEFLEEENTHE102IN &R S, AKHEDIND34% IZPCiT 2 S B HS /-, 20Xk
T, WA HAMSNATNRICK T AT~ EORBEIEREITDT K% FRETHHMR, Bl
fFEE L TIET ~EREOEFEEDNKEDINOH A% 128 X O HEE A ERIcBs T T v E
BAPERT2EEREN/RKEVI LRI PR ZD, 612, RAFEORBEL Y 24BN TIT
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LN THNEEL o> THA~NKET 5, 7T~TOBEKHICIE 7T~ T HAOEHRERET
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#TLH-HT. BIE QOITHEERAER) OF)I - FERJIINNOFEEZFREBEOTE & EHRL.
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UEDXoic, FRA~OIRAREE MME~OFIRICE T 2 EHRZOMAM (PONEDINDOEIE)
THRR->TEY, TEBOBEMBEZIRZ D Z ERHKE, —F., TEORBEOEWICK
DER, UV UNESUTFE D IREELDORIMN R D Z LR Lol (FQ)-1) . EREE
B EOHRAEE O TE T2 6 FEICHEAT 52PONEDINEIZIZIERZECTH D23, T
SIRAIC T B BRICIZRERS ADIN & 22 > TNz, > T, AMB IO AEM TE DA
iR E < REENE WA TR TIEAEED O MEREL . )15 T~ D ii AR X
Db A ~OWHEED RN S MZPONDOEIG N /NE | DINODEIGNKRELS ol tBE XD
i, iy, IRERBEOTE OPAEIZIHEH T 5PONRIIDING L IZEFETH o7, K&
FEAMER VAT T TiX, PONOEIG A L, DINOEIG R MT 2MAIERO D DD
ZDOEIGOETIAE TIER L, W ATIE & BT 2 EPONDOSRENIT/INENWEEZ X b,
COEIICRBEOENIL > TTRECTOEEMMENNRERD EEZ DN,

£Q2)-1 TE~OEZRRAREL TORERLEL

Inflow Outflow to offshore area

Shinkawa-Kasugagawa 68.7ton y! 39.7 ton y!
River Estuary PON 63% PON 13%
2006-2010 (high nutrient) DIN 37% DIN 87%
Shinkawa-Kasugagawa 33.5tony’! 453 ton y'!
River Estuary (2017) PON 45% PON 11%
(low nutrient; DIN 55% DIN 89%
decreasing from 2006-2010)

Inter tidal flat, West of 0.162 ton y! 0.133 ton y!
Ohgushi Peninsula PON 67% PON 58%
2016 (further low nutrient) DIN 33% DIN 42%

ik o BRI OB S REES 23T 5 HI T, HEZ (T 2 &F)IRO 2T EDOPONSY
fRRE ) & A F K - BEAKALELES OPONFREREN 23 E LILE L7z, ARE CTH O 0 T8 (Fh
REERBIOREEE) BIOINETE (RREE) OFEMIIRED Z2E)NRIRET 248
BRI (018225 ha, AIET#E752ha) BDENENETH EBREL TRET S L. 39~69
tNy ' OPONNERI SN TV D LHEES N D (R(2)-2) . ). HINRTORI6,rFTO FK -
PEKAESG O —H &7 OMEKE, WAHEKFOBREYE (SS) 7D RN ALKRPOND AL
HEZRAE Lz (RQ2)-3) . o, LBEKPOREYD1~2%»NPONE L CHREETo7, £
DFER, FINRTORTIK « PeoKLIRS D[R 53 R RE S ITHFH T8T~ 174t Ny L L HEE vz, 1
ST, BEOBARTIEL, bbb NS L T\ 5 IREIEA Y D22-79% 1B L 5
HALBRER H D L AL DT,

#Z2)-2 HINETORARTRICBITH2BEAHEZFE (PON) OO - frE

feim

PON removal ratio Area  Total PON removal ratio

(gNm?y") (ha) (tonN'y™)
Tidal flat 140 ~ 275 225 32~ 62
Intertidal flat 09 752 6.8
Total 977 39 ~ 69
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#(2)-3 FINEANOETK - JEKABSIZIH1F %5 PON OfrERE, LHKE (RAKE) BIY

KT OREY R (SS) OF —ZIEF)INR (2013) DA FEITER L=,

F72. SSDO1~2%2PONE L CPONGREEZEH L7,

Treating SS SS removal PON
Local region Center water mass concentration rate removal rate
x10°m* d! gm? ton d! kg Nd!
Kagawa Daisokugawa
16.0 157 25 25 ~ 50
prefecture clarification center
Kagawa Kanakuragawa
130 178 23 23 ~ 46
prefecture clarification center
Kagawa Koutougawa
284 119 34 34 ~ 68
prefecture clarification center
Takamatsu East sewage treatment center 705 142 100 100 ~ 200
Takamatsu Mure clarification center 59 157 09 9 ~ 18
Takamatsu Aji clarification center 0.5 154 0.1 1 ~ 1
Marugame Marugame clarification center 221 122 2.7 27 ~ 54
Kanoniji city
Kanonji 7.1 67 0.5 5 ~ 9
sewage treatment center
Sanuki East Tsuda clarification center 0.5 190 0.1 1 ~ 2
Sanuki Central Tsuda clarification center 1.6 117 0.2 2 ~ 4
Sanuki West Tsuda clarification center 03 126 00 0 ~ 1
Sanuki East Ohkawa clarification center 0.2 115 0.0 0 ~ 1
Sanuki West Ohkawa clarification center 0.5 148 0.1 1 ~ 1
Sanuki Kabegawa clarification center 43 206 09 9 ~ 18
Higashi- Shinkawa Komatsubara
0.1 90 0.0 0 ~ 0
Kagawa Clarification center
Naoshima Naoshima clarification center 1.0 120 0.1 1 ~ 2
Total 171.8 2,207 238 238 ~ 476
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0. FECAbstract
Development of methods for managing nutrient salt concentrations in the Seto Inland
Sea (enclosed coastal sea)

Principal Investigator: Wataru NISHIJIMA
Institution: Hiroshima University
1-5-3 Kagamiyama, Higashi-Hiroshima, Hiroshima 739-
8513
, JAPAN
Tel: +81-82-424-6199 / Fax: +81-82-424-6199
E-mail: wataru@hiroshima-u.ac.jp
Cooperated by: Kagawa University

[Abstract]

Key Words: Nutrient, Primary Production, Secondary Production, Transfer Efficiency,
Vulnerable Index, Region-Specific Background Secchi Depth, Eelgrass Bed, Tidal Flat,
Planktivorous Fish

Many enclosed and semi-enclosed seas with densely populated and industrialized
watersheds are subject to excess eutrophication and deterioration of the quality of water and
sediment because of human activities. Conversely, part of the production in the sea is
supported by the nutrient loading from land areas. We aim to establish the nutrient
management method in which adverse effects of nutrient loading from human activities are
avoided, and healthy environmental conditions and high productivity are maintained. The
Seto Inland Sea that has overcome an environmentally problematic condition to some extent,
whereas environmentally problematic conditions remain in some areas and seasons, is a
target semi-enclosed sea for this study.

We developed the method to estimate primary and secondary productions from water
quality monitoring data and estimated the temporal and spatial distribution of primary and
secondary productions in the Seto Inland Sea since the 1970s. The 40% and 61% reduction
of the total nitrogen and phosphorus loadings from land from 1979 to 2009, respectively, did
not affect the primary production in autumn and winter but decreased it in spring and summer
from the 2000s. In the 1980s, a remarkable reduction of primary production occurred in the
eutrophic areas with more than 5 ug I'! of Chlorophyll a concentrations, whereas little
reduction occurred in the off-shore areas with lower Chlorophyll a concentrations. Because
the very high density of phytoplankton observed in the eutrophic areas in the 1980s did not
stimulate secondary production, the secondary production did not remarkably change.
Moreover, typical planktivorous fish such as the Japanese anchovy fluctuated independently
of the phytoplankton and zooplankton production. Sand lance, another important
planktivorous fish, has a unique lifestyle dependent on sandy sediment. We obtained new
scientific findings of the ecology of sand lance, wherein their habitat is determined by
penetrability. The penetrability is expressed in terms of the shear strength of the bottom
sediment and the degree of burrowing in the sand. Sand lance prefers sediments with low
and stable temperatures to control their metabolism in summer. There were two regional
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groups of the sand lance in the Seto Inland Sea, the eastern and the western groups. However,
analysis using microsatellite DNA markers developed in the study, we confirmed that sand
lance inhabiting the eastern and western regions of the Seto Inland Sea were genetically
identical.

The Seto Inland Sea has a variety of areas with different geographic property, the
extent of land effects, water quality, and other important characteristics. We developed two
important indicators, expressing marine environment related to phytoplankton growth for
the management of enclosed and semi-enclosed sea, the region-specific Background Secchi
Depth (BSD) and the vulnerable index to phytoplankton growth (VI). The BSD is defined as
the Secchi depth excluding the contribution of phytoplankton and shows the ultimate Secchi
depth achieved by nutrient control. The difference between the BSD and the present Secchi
depth is less than 20% in many areas. Therefore, further improvement of Secchi depth
through the decrease in phytoplankton concentration is not expected. The Chlorophyll a
concentration can be estimated by VI, which was calculated by salinity and Secchi depth. It
is difficult to manage phytoplankton growth by controlling nutrient loading from land in
areas with high VI, such as coastal areas and estuaries.

For the management of coastal areas with high VI, an ecological method using
macrophytes was developed. Zostera marina,a typical eelgrass in many enclosed and semi-
enclosed seas in the world, uptakes nutrients from the water in the warm season where
phytoplankton also grows and releases them in the cold season. We showed that nutrient
uptake by Z. marina increased when the nutrient concentration in the water is increased due
to rain, indicating that Z. marina was a suitable plant for nutrient management using the
ecological method. We confirmed the effectiveness of Z. marina on phytoplankton control
in the coastal area in Hiroshima Bay.
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