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Dynamics of particulate organic matter in the estuarine turbidity maximum of

the Chikugo River, Ariake Sea, in spring

Keita W. Suzuki', Ryo SucimMoto?, Akihide KAsar?, Jun SHoir?, Kouji NAkAYAMA® and Masaru TANAKA®

To elucidate the spatial and temporal dynamics of sources of particulate organic matter (POM) in the estuarine turbidity
maximum, surveys (12 cruises) were conducted along the Chikugo River in the innermost Ariake Sea, Japan, from 24
February to 24 April 2005. To elucidate the influence of semi-lunar periodicity, surveys were conducted around the high
slack tide in the daytime and were divided into three categories according to the tidal range; spring (>400 cm), medium
(200-400 cm), and neap tides (<200 cm). At spring tides, the vertical mixing was strong and the turbidity maximum
(>100NTU) was formed at lower salinity (<5), synchronized approximately with both the maximum of particulate or-
ganic carbon and pheophytin concentrations (>5mg/ ! and >10 g/ !, respectively). In contrast, the turbidity was low
and higher chlorophyll a concentrations indicated active production of phytoplankton at neap tides. The POM in the
surface water at spring tides had stable carbon isotope ratios (8 '*C, mean=+standard deviation: —25.3+0.9%o0) and C/N
atomic ratios (C/N, 11.6+2.0) significantly higher than those at neap tides (& *C: —26.0%1.0%o, C/N: 7.9%1.4). The
results indicate that the POM maximum accompanied by the estuarine turbidity maximum consists of resuspended de-
tritus of both phytoplankton and terrestrial C; plants.
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20mDNEBETH 2 (HARMBHZ, 1985). BRI TIZL
ZFFIC )R, BERZ ISV EMMTbT, IhE
ThgsD TRWVESEAEDSHEF ST 5 & & 812, AR
i (HARTIEAEWREZ FICERT 240 "L <ERL,
HARDMOWgE & 138 s 2K O BRI AR 72 T & 72
(Fef% - WAL, 2000). U UL, KBS R4 2
) OEEBWPEEIGD & T HREEABHMALL OO H
5 (BEAH, 2003).

AR O BRI H AR R KOWR (e KIZER 6 m)
12k - TR SN B IR K 2 Tk & S ORI K -
TR 65, A EE A W OM I TR
Hl 22 SRR - SR & AE OO % | WY RIS L B B
1206 U Tk &7 EARE RS (KH - Hv, 1981; Hip
E2, 1982). 2O KD ITJEH S =Rk B 138815 %
Wets UGl &R L, “AEHREm T 7 v o b v oY
L% AR ERRRICH W THEE A2 2 7
LTwp effisantinsd (fKH, 1980, 1981). 7=, A
WERESOR 75~ 2 b Vi3, SREIRA DT £ D EE A
KT 2/ NEHIC RS 5 Z AR X g (HE
22, 2004). 25 OFFRIE, A PGB O R KR
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SBT ARRWEORECKEEE S A S L THEZL THD
b, I, PRBISHAT 2W)IOW L, §iprki 1
ERFHOMIGINC D725, —TJ7, AURBEERIZE W)
ORI, 752 by R Db EEEIC
R A ELO T3 DRBEOEELREL TH B &
HZEAbN TS (HILBFIEA, 1999; Islam er al., 2006) .
L7235 TC, AR OARERISN 3 2 BIR 4 ED 5 |-
T, VAW OWIIRIZ I5 1) 2 KRKPVE DS OHERE % X
ICEMHT 2 ZENEETH S,
IR FRTE RN AR (8°C) 13 RERN O FH B % B4 5
EEE L THROTEMNTH S, THIFEEED SBCHER
i (B z20%, B Rekd, KEmAK) I2k-oTRED
(Fry and Sherr, 1984), JHEH D §C 237 DIHEE WA T
BZHPEHRD SECHERMET 2 L0 S BERHNIZE £ DT
% (DeNiro and Epstein, 1978). F 72, XAKARDRE R
RFELERO (ONI) % EDEREE §BC #lAadbY
5ZLT, ARMOIRIELHEREICBI L T X D Rrl Al &
Bz enTErs. Hlaid, ALz < ScheldtI T
KRRE P ORIFIZ A K > TREZ 37D THL, é
ok > TEZEMT 5 Z & AN E 7z (Middelburg and
Nieuwenhuize, 1998; Hellings et al., 1999; De-Brabandere et
al., 2002). HirifEIZ: < Rhone 11Tk, 1o ik AR fg
RiCHWT, WHEROKAR A 2 % Bl % i LT
DOFFHICE THHEINT WS Z &R &7z (Darnaude et
al., 2004a, b). FENTIX, HITP (Ogawa and Ogura, 1997;
Sato et al., 2006), PHEAE (FZAIZ A, 2004; Sugimoto et al.,

2006) , KBRS ¥ L OWAF AW (Mishima er al., 1999; &,

2005) & EDOREHBNBEIZBWT, RREEYORIFED
ZEMEHY d5 K ONEATA Zs ZZ R 23 R E 2 T B A
WEORIRERIIZ DN TE, sBCicg & D&, Az &
HIEEIRDENSHERE ST B (A IE2, 2005; HAKIE
2, 2006, IIEAIEA, 2006). LA L, HARAKOWYIZ
K DL A, KRG OBIREIZ K & KB e TS
EEZLNZIZE D5 T, Z0 XS KA H) % 5
N7IFRIE 0.

ABIESE T3 W BLES O i VKIS 35 1) 2RI 1%
MOBREAHE 2T 5 2 LA HME L, AHMBEERIZHE
S HINEKDOMIT & 2 FUiR) N OW RIS 51 T 4 2538
ZEDH L THEFIZRRBIOBIMAZIT > 72, BEFEOFKIIN
R TIE, 2RISR TEHMT 700 v RO EE
PDPFITHIMUL BiRIE A, KREK), BOEWAERERHE
BREhThb, kb, AR ERIEHICITbN Iz, 22 F
Lateolabrax japonicus 1THEF.D 534 & WIERY) - 2P ERER &
DOBBROFAEIZT T, ﬁﬂ\l‘iﬁ/f 7 ¥ M Sinocalanus
sinensis 7% 15 ¥ YK IR IZ 209 % 2 & 23R &
hfn%(¢%i#,m%%~%i?$ﬁ%?d,%éﬁ
GHRBIE & ONILE KO SBC ABIE LR, Sy
EFEDHAM L E Z 5N B RIRERORIEIZONT, KR

AL,

B B RAAH Y OB RE

RS & OBtREELEL 7.

M EFE

s A
200542 A 24 H2 5 4 A 24 H O BN D802 5% )
72 108 1 (Fig. 1) 128 W T 12O %17 > 72, WIAT
MO ARIE L, ZOM23km EFICAIE L, RO
LIRE 2B ANIBEOE FE2RTE L TCTERERT 7.
MO TIREHIZHE > TE2 58 3kmif2El & L, K
TR L TRV TR & 22 B WA 689 10km % E3 &
L C3EMAERT 7.

2H24H E2H 2B D 2[\1E, &7 51236 T Environ-
mental Monitoring System (6920 Sonde and 650 MDS Dis-
play/Logger, YSI4#L#!) Z W, Kk, 56 L OWE
ERE2SEMECImELFT 2mBEICHWE L. 3H7
H» 5 4H24HORNIZ3~5 HORIBETIrbhzz 10RO
iz, A, %%i@@gwﬂﬁkaéu,¢¢t%
N RDRIE D 38T %47 5 72801237 ) TERIfIAK & W]

130° 131°E

Ariake Sea

Figure 1. Observation points (open circles) along the Chikugo
River estuary of the Ariake Sea in Kyusyu Island, Japan.
Closed circles indicate observatories for tidal levels at Miike
and for river discharge at Senoshita.
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AHLY , BHER AN TH SR> 72, 2 ToRtHi:, |
H OO O K 3R AT IS I & B ORI S BRG L, Wi
DRI E TSRS PIROEI TR T Lz, Hk4H19
H & 24 HIZEHROMIED 728 | WEEIZ/RIE 255 72,

2 W

ARAKZHANI00umD F A ay 22 ) = EHnTEHYm
TS0 N RO 5 E R\, H T AMEETE
# (GF/F, Whatmantb®) ZHWCHEME L7, &k,
A0V 22 = VIZkoTHREShBRIKWEDORIT,
K HEEHTEBIZEDEL 572, H T AMHEREM EIZH >
7oRCIRE (B 0.7~100 um) (ZPEMC & & & 12 HAS LR (T
L7z, MiikEO s aa 7 4 babB X7 247 4 FV
wid, 90% DT v b VKR THlAY LAt A K ol
WU 7z (HARWEES, 1979). 72720, 4H13H (i
W) OTWMe s (R3I~E3) IZBF 527007 4 )LalifE

ET xHh T 4 FUREIIRIUL 7=, RRWEOARIRE R,

REREL LORRRERN KL ARE S 5720, BlOWRE
HE_EIZHR o 72RDIRE % 60°C O TEIREZIEHE 4 FI N C 241
MINEHEt% , HCIZE5UC 24 FE[E 2 FE L T CaCO, B FRE L 72,
X512, [EANaOH & & & IZBARAIC 72 R AT HCI
ZHAIL, FFU60°C D TEIREZIEHS 2 Fl T 24 IREH Rz L
7z. DL EORUBR 258 7R RV 3R E & 12 2 XFEICE
A, JLRHTET (EA 1108, Fisons InstrumentfhHl) & /B &
SrMral (Delta S, Finnigan Mat#l3!) AflAA DY 72 HE)
TS 2T LISEA L THBRER, 28R EL XOKHR
ZERINARIL A JIE U7z, AR KR & AR EOHERS
Bz 0%, RIRWEO NI (L) ZFH5L 72,
ARt IR KRR E RN AR IIZEEIC R 5, BEHEMIE O IRk R
WERNARILE DZEE T3 (%) IZ&K DKL T,

613C = [(Rsample/RStandard) - 1] X1000

T Z TR ympie & Rygpaara (T TG L EHEMELIZ B 1) %
R BREFN R (PC/?C) 2 L, FEUEYE X Pee Dee
Belemnite (PDB) T 5. JIEMIEE 57280, B3I
DE IHDOEIATHE L ZDL-7 7 = ¥ D §°C D FE# {4
li 0.2%o0 MTT 26 D 7’:.

REARAED M X DIFFE L LT, BMIH Z & I8 EH DK
FEFREL (S-index) #LLTFDEFRICK DEHRL 72,

S-index=|S, syom—S I’D

surface

Z Z T Shorom & Sautace (T NZ KR E RKIMOKE 7%, D
WEAKEE (m) 22T

AWM ERBOMZEL, WifiR (KT, 2004) 1AL
0B =Riiir (A 58 16km M, Fig. 1) 12813
3PN A vy, HZ & ICH o e 7 0w Eio
Tl oA R L 2. REoFmad, Bl mEd
JuIN 3 5 A R SR B NN E DO & — 46X =V

(http://www.gsr.mlit.go jp/chikugo/) IZAEK N TS HED
TR (T2 5 259km B, Fig. 1) 1236410 5 HE
VLR OMRE 2

#w R

MELE) EIRE

W2E3E A RMAOZE 258 0R U, BT A o oA
516cm 3H 11 H), f/MiEiE3lem BH19H) THh 7%=
(Fig. 2a). AHf22Cix, ZOWIZEIZE D&, Kl
(>400cm), HEIHA (200~400cm), /NI (<200 cm) 1257
RN A AT 5 2. IR RIE 3 H B4 F T K EE T
ML (2H24H~3H 16H, ¥ = 4 25
728+179m’s™ "), 3A FANZIEZMML GH17H~31H,
117.12273m*s ™), ZOHRHFIRKETHER L2 4H
1H~24H, 702+13.4m’s™"!, Fig.2a).

TR O BT S HE X M= RO AN, Hor kb & O
EDA VTV A% Fig. 2187, AKIFBIIEA B K KR
BEOWELZ I L BEZONDEN, RO &S LEHEHR
Rohz, 3AEmECid0°cE FRY , ERMTEL,

a)
600 r Tidal range

500 . (cm) %0313 418

2240002128 ° . 0328 %o, 424
00 o 323°  © ° % o
200 > N o ) o ° a3

River o o [e]
o

200 | discharge o o o c)4/1g°
100 (m3s) OO o 42¢ © °

L=

Temperature (°C)

Lo

Salinity
Distance (km)

L

Turbidity (NTU)

31 315 41 "4M5

Figure 2. Changes in tidal range and river discharge (a), and
isopleths of temperature (b), salinity (c), and turbidity (d) in
the surface water along the Chikugo River estuary from 24
February to 24 April 2005. Closed circles in Fig. 2a indicate
observation days.
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15 U8 L KIS B 1T 2 KR H ) O Bl g

THTENNMEIR T H - 72 (Fig. 2b), KEFEIZE O K
WAL 20, FHARRIEZ4 A LA 15ec, 40T
ANZ18°C E T EA L7z, K3 EWMDERRTIIZE N T
wEIKL (<0.1), I FRDOEMEIIZEW RS\ - 72
(HiPH 17.3~29.4) . =85, MO & E#M 10km ¥
S UVMEN 10 km O FPHIZ I T, RMIHIZ B L, /N
AR T4 5 &S EHREBIOZB %R L7 (Fig. 2¢). 7277

LU, HARKHZYS 2223 19~23 HIZiE, 2 TOERIZEHEWD
T HEEFIACT L7z, WIS DWW T, KERieg
MO A 58 10~20km _LFRICHRIE T 2, 35 5 A0 O KK
IZB VT, 100NTULL LD EWEmATER S, E5 &
FRIZTHE 22 H J B O ZE B 2352 < 7z (5.0~916.1 NTU,
Fig. 2d).

TS D BT IS HRK & M= KK ORRWE D 2 1
97 4 halRfE, 72X T4 FUVIREBLU S CDA YT
L A %Fig. 3128 d. zau 7 4 )baiRlE (HiPH0.7~50.5
ug ™Y Z/NE 2 & NS S E A R S, RRIZ3
ATax &4 H FaIZE » -7 (Fig. 3b). 7 x4 7 4 F

a)
600 1 Tidal range

500} .. (cm) %0313 4/8

21240002128 o . 00328 %% 4124
400 N o 3230 © ° o®

o 3’1 © b4 © o O‘ma Oo
300 River o o o o o 5 °
200 | discharge o o© o 0413
(mdst) © o 429 ©
100 Q °
®3/19

Lo

Chl.a(ugr)

c

Pheo. (g 1)
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d

813C (%0)

3N 315 an
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Figure 3. Changes in tidal range and river discharge (a), and
isopleths of chlorophyll a concentrations (b), pheophytin con-
centrations (c), and stable carbon isotope ratios (d) in the sur-
face water along the Chikugo River estuary from 7 March to
24 April 2005. Closed circles in Fig. 3a indicate observation
days.

VIR (0~37.4 ugl™") 3% L A AHOF H RO 4 8) %
AL, 7887 4R & IHENHOBRIZS - 72 (Fig.
30). 10ugl ' EDENT 247 4 FVIRENR SN0
1, RIS 2 558 10~20km _EFRISHIE S 535
S SAMMDAIETH O, WGSBS M T X<
—FH LT\, BEEE OO T 4L o EEOMBIZTE S -
72 H (=009, N=74), WE &7 24 7 4 F VREDORIC
3RO THOWIEOMHBE R & - 72 7=093, N=74). 7=,
KRB REIRFE (POC) IS & WE s IEO MBI %R L
(*=0.90, N=80), 5mg/ ' DL LD & POCHREE O Kk id
HR O EEERE KOS 7 24 7 4 F VIR e K< —&

L72. BBPOCIREDA VTV ZZRIR LK, o7208,
BEBIVT 24 7 4 F VIREOLA LM THEEIL Ty
72, OBCIZ —28.5~-237% DEPHTZEB L, Ll ¢
<, FHMAITEWE WS @EER L (Fig. 3d), 55 & DR
I IEORBIAEY &7z 7=0.43, N=100). F7z8°CIc
3, REIER I & 0 Il BT E < (> —25%0),
AINEIHNZ 7 a0 7 4 a S ORRK AT IZ 350 TR
W (<—27%0) & WO HAE RSNz,

FMOKES, WE, voao 7 4 LakEE X0 7 = 4
T 4 F VYR LRSI L OBIfR A Fig. 41T, ke
B2l B 20103, Nl Es KO il o & w20
HAGOAKIKIZBR 5 T 7= (Fig. 4a). VIS BB E

a) 30 b) 500
25 '%% 400
5
090 o Ogy o0 E 300
2 o mQ o <
£ OA A A >
H 15 O Ao 3
B 5 200
A I

c) 60 d) a0
50 O
u]
= 40 o
- -~
o o
230 o 2
® o
- ° Q
52 of o| &
u]
10000 5 O I:‘I\%<>> A 2
)
R TN
0 1 2 3 4 5 6
S-index S-index

Spring tides 13 Mar A28 Mar M 8 Apr @24 Apr
Medium tides 7 Mar A23 Mar @13 Apr
Neap tides 19 Mar A 2 Apr [119 Apr

Figure 4. Relationships between the stratification index (S-
index) and salinity (a), turbidity (b), chlorophyll a concentra-
tions (c), and pheophytin concentrations (d) observed in the
surface water along the Chikugo River estuary from 7 March
to 24 April 2005. Closed, shaded, and open symbols indicate
observations at spring (tidal range >400cm), medium
(200-400 cm), and neap tides (<200 cm), respectively.
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10D SEIRA P L WA IZZZ 100NTU L, EIc ¢
L7, BUEHRE A 2L EOSREIRA A 55054121340
NTU A Cdb > 7= (Fig. 4b). Sugl 'BlEDrvoa 7 4 )Lq
WEIZAASH £ CREFICHEHER 2L LIck W TR LN
70y, ZORIIHEERE 2RIV TE RS K51
757z (Fig. 4c). 7 =X 7 4 F VIR IIRIEIH A 0.7 %
OB 10ugl ' U FIZETRL 2D, RS2
P ETiE4ugl " KimiTdh - 7= (Fig. 4d).

WRERDOUE

POCHERE A JLUEL L, 2 uu 7 (g, 7474 F
VIR, RREHEREERRERO LI (ONH) Bk
CRARBRE O §PC L OBtRZIH 7=, 3SH7TH»54H
28 ARz T b7z 10 OB 2, Kl (49])
Rl (3R F K OVINEIE (3[E]) 12534 T Fig. 512,
Flruug e, 72474 FVIRELSIOWHE
DD ZNZF N & POCIRSE & DB O P EFRE % Table 1
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Figure 5. Relationships between particulate organic carbon (POC) concentrations and chlorophyll a concentrations, pheophytin concen-
trations, C/N atomic ratios, and stable carbon isotope ratios of particulate organic matter observed in the surface water along the
Chikugo River estuary from 7 March to 24 April 2005. Observations are divided into three categories according to the tidal range;
spring (>400 cm), medium (200-400 cm), and neap tides (<200 cm). Note that horizontal scales for neap tides are different from

those for spring and medium tides.
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Table 1.

B BRARA D OB RE

Coefficients of determination (R?) between particulate organic carbon (POC, mg/~") and photosynthetic

pigment (ug /") in the surface water observed under a variety of tidal ranges in the Chikugo River estuary from 7
March to 24 April 2005. The values lower than 0.5 are indicated in parentheses. N and Total mean the number of
samples analyzed and the sum of chlorophyll a (Chl. @) and pheophytin (Pheo.), respectively.

Day Tidal range (m) N POC-Chl. a POC-Pheo. POC-Total
7 March 311 10 (0.49) (0.34) 0.78
13 457 10 (0.23) 0.99 0.97
19 31 10 0.81 (0.44) 0.87
23 327 10 0.95 0.96 0.97
28 422 10 0.88 0.98 0.99
2 April 127 10 0.72 (0.18) 0.77
8 459 10 (0.47) 0.97 0.83
13 300 4 (0.02) 0.99 0.91
19 176 10 0.77 (0.11) 0.80
24 406 10 (0.32) 0.93 0.74

(e e

a7 4 alRE L POCIRE OB, /Nl 3 H
19H, 4H2H, 19H) BXU3H T 3H23H, 28H)
1282 > 72 (*>0.7; Fig. 5, Table 1). —J7, 7474 FV
I L POCHRE OMBNE, Kl GH13H, 28H, 4H
SH, 24H) il GH23H, 4HI13H) 1213k T
B 72 802>0.9), ANEIHNZIEAKA > 72 (Fig. 5, Table 1).
ECOBMHIZENT, 7aa 7 4 Lag@fEL 724 7 4
F VIRE DO ANT POCHRE & S WHBE 2>0.7) 2R L 7=
(Table 1).

CNZ RIS E < CFY = B EZE: 11.622.0), H
W (9.321.7) /NHER (7.9%1.4) DIEIZAHTEIZKL & 5 72
(Scheffe 7€, P<0.05, Fig. 5). 7277 L LAY E W C/N L
>10) &, KFIHIZIZPOCIRE IZ2 2D ETROENZD,
T I POCTRIE A 2mg I DL EDO A IR 54, POC
WRE M 2mgl Kii TdH - 7z/NHICIZ R S s 5 72,
KD 83C (—25.3+0.9%0) 12 HHHIH (—25.970.7%0) & /)N
I (—26.0£1.0%0) IZHENTHEIZ
P<0.05, Fig. 5). £72, POCHEEEMMEVIEAILC
DEITKEIWEAICH 5 72,

SBCcoIEs

z =
LRV =R %7/ [00F Y
AW TIIFR) 1 0 Rk PR A & A W BLEE & T Al
IZHWT, 27 AMICHhZ DA BWzED & L TR
1572, ATORMNAE H O O Ri#12175 2 &1
K0, TNZThOBIGR B L, #2E28) o 8
ARETT 5 Z & A nBRIC U7z, AP B TR e i
DWBZLD, KEOBEESIHONTE AELZET2
ZEPHMERNTHS (HELHE A, 1989, 1991). LA L,
AWZFIZ BT, KRR W2 5 10~20km LT
BN X N SR IICBI L i, WEEEIC L ) BX

572 (Scheffe faE

R EIRADBREZALOFENMBIZ IR TIE S IR E N
YT L=, —75, BRIHER ORBN O, 3AT
ANCREML 722 &2/ E, A 10FBOTY UhgiED,
2006) E[RICAKUETHERE L 72, F 72, BUIX h=AKE S (A
D*ﬁ‘%mfxﬁ'ﬁbhtﬁmwﬁi(%*@#,*
&) LT LT, ZhoDZens, BIHEE

FEFEOFRIWTUEORE AL T2EDTHLLF A
5.

MR T, 2K - O BEE A e &[RRI,
WIREIE T 2 F 27 ) —EERIC K > TR %ﬁéﬂ%
FEH, RS ISR KR XS (B, 1996).
AT B WX, WE & RREHEY (POC) IREZ DI
FEVIEOHBEA R SN Z &2 5, FUB)IIERO &iE
FESUIC IR T & & S ICAEBM R ER S hTnw 2 e h
RSz, —7, BEERE 7 24 7 1 F VO ERER
D T L < —3 L T2z (Figs. 2, 3). L7208 Crnidg
WAZHER X N RREEYE T ICWOF 54 & 2T
bot- eI NS, 272 LA - WIS B0 B RO
T IA4 R, WMIUEOR T T v o b iE»rD TS,
WSRO T 5 v o v RpE_ ORI HR$ % iR
bB. FEAWBRE T, AR TEKIC SO TS
BIEEMMEEOMELE L OIS, 22T, NIRGHED
DAL DN T2 I & ORI 2o Z5 BB & 253 5
729, DUTO#GmTIZIRAZALERDOELL (ONH) B &
VIR BRREFNARLE (88C) #4BIEE U TOEAL 72

—fRIZ, CONLE SPCEMAADESZ EIZLD, il
TEPIA 2 ZADOREZMET S LD TE S (Meyers,
1994). AWFFEIZ W TR & A = RIRE IO ON e &
SRC &, EIFICZE DS MM D CNILE §BCOFHP & &
IZFig. 612, W75 v 2 b v OCNHIZT & L
& U (Redfield et al., 1963), B FAfo0 CN I 2k 0§
FUTEWY (320, Meyers, 1994). 7272 L@ i35 &,
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Figure 6. Relationships between C/N atomic ratios and stable
carbon isotope ratios of particulate organic matter observed
in the surface water along the Chikugo River estuary from 7
March to 24 April 2005. Closed, shaded, and open symbols
indicate observations at spring (tidal range >400cm),
medium (200400 cm), and neap tides (<200cm), respec-
tively. The ranges for marine phytoplankton, river-estuarine
phytoplankton, and terrestrial C; plants are derived from pre-
vious studies (8'*C: Fry and Sherr, 1984, C/N: Redfield et
al., 1963; Meyers, 1994; Fujii et al., 2002). The mean and
standard deviation are presented for benthic microalgae sam-
pled in the Chikugo River estuary from April to July 2005
(Suzuki et al. unpublished).

W75y b YOCNKIZI0EEETERTEZ R
» 5 (Fujii et al., 2002). —J7, GO 77 27 b v D
OBC (—24~—18%o) &, Wl &WITUKOKE 7 7~ o b v
B LU EcoeA sty (BT, B ERY) o §BcC
(—30~—23%0) & V) E\y (Fry and Sherr, 1984). JEA:fHilEE
FIZOWTE, SRR O FEEE» 5155 7z 43
B & YR 25 A, C/NHE 7.2+0.2, §3CiZ
—17.7+2.1% CTd > 7= (ErARIEL, KFELK). ZoOsCi
Fry and Sherr (1984) (Z/R & N7z AR TAIEESH D §1°C D HipH
(—20~—10%0) IZEEN TN 5.

A7 TR X W72 RIREH O sPc D £ < 1
—24% % LIRS o572, ZDOZ Lid, RIRAEEDO Tk
EIEAI & W[k 7 5 > 2 b v 72 i3BE ERE T
B0, WROWW T 5 v o b VRSO 213N
EhoZEAEFRL TS (Fig 6). RINERMIO C/N
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Figure 7. Schematic illustrations of the dynamics of particulate
organic matter along the Chikugo River estuary in the inner
Ariake Sea at neap (a) and spring tides (b). At neap tides
which possess weak-mixing and low-turbidity conditions,
phytoplankton production and detritus accumulation are fa-
cilitated in the surface and bottom, respectively. In contrast,
phytoplankton is diffused from the surface and detritus is
suspended from the bottom at spring tides which possess
strong-mixing and high-turbidity conditions. Dashed lines
and arrows indicate salinity contour lines and transportation
of particulate organic matter, respectively. Detritus is derived
from both phytoplankton and terrestrial C, plants.

IR < (<10), KEIHICE2» 572 (>10) 2 &2
5, /NEIENC W E WIS ORI 7T v o b v DBEIE M
VA, KNI LSO BIA A LB LB NS
(Fig. 6). [MAHIZ2> (2005) 1%, FKEHERID 53C 28 —23.1%o,
CNIAB YU ETHEZ izt &0, RBNMIEIZ
EHHROR 75 v o+ v LB R AR & 3 S A
DHERE L TV B EHER L2, —F, ILARIE2 (2006) i,
SR O K FEHERT b 12 13 E R % IR & 4 5
AR 5 LG LTS, RN TIE, #
ERA R U KEIHNC, K7 7 v o v LB EREo
T b 74 8 2% GORBHERII K PICEE S, Kbo
W7o v o b v ITRIEABICER I L E A5
N5 (Fig. 4).

PLEiz &y, KEIHNCIZR & N 5 @i ko Rk A B
W, FISHMT T o by Ul EwgE &) EREL
T ki 5 L gt sz, 72720, ThZThodEs
AT T 5 720IC 0B CN D 503 §5C DK %
W s Z LW TH B, A, BE RO oONiE
M OFEFARCHIIC L > TREL A S BlAIE, Meyers,
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1994). F£7=, Ml EWMIUKORH T 5 > 2+ D §BCiE
72 F L ORI IZZ B L9 (Bl 213, Sato et al.
2006). L7=h- THLGHEE EMICHEE T 5121E, 5612
BOIGHEABEAT B BEH D %7, ARhsfaiEsEINT 5
ZEFHEEL W, LA, EEEEIC BT A RRAR Ok
TROZE RS & FIR S 51218, £, KEHERMhORIR
GEMORFEEFTAND Z XA THEEHEIONDE. %
D LT, KIEHERIOBEIZBIL T, #WizEEd) O/
W) OB S THINZED (e i) OEAH L I
FTEHILNEETH 5.

W77 b DEGE

WK BT A0 75 2 v ORGEIZ, Wi2Ek KON
JIFREOZH EELSBE L TWB Z s Tnd (f
Z I\, Cloern, 1991). HHIZ A (2004) 1T, XFDOHHIE
BB AHE L 7 un 7 4 LEDEOEGEINC S &5
&, W77 v o by OREEILEE DK T 2N

e, WEO LR RWIICIH Ehg L amL 7.

Aif7E T, ZEHRMOEE T ERANHE L L EZ
ENB/NEMNCIE, 72474 FVIBEERKWA a0
7 4L aBE X 5 72 (Figs. 3, 4). %72, POCIRE L~
007 4L g PR IO IEDHB A H S 7z (Fig. 5, Table
. ZhoDZ &k, NEIOREAK S ORARAFED A F
ZHETh ORI STV o b Th 72T e ERL TS,
—F, BN OFEARMU 223 A Tz ugl ' ULE,
F 72 KA 18°CE T LR Lz4 H Fanzix4ougl 'L ED
W77 )b aRE BB & 7z (Figs. 2,3). 3H )
120, ANEENE A D T2 < i & OREIETC & POC RS
Lruana 7 4 aEORIZEWIEOHB AR S Tz (Fig.
5, Table 1). 2D Z &id, hiiceWm 772 o
BREASE L, 2O T S v 2 b v as Kl I S
BICEMIh o eEZLNE, FHKIZE LK
FED bR R FIERED LRI K, MiT 5o O
BEEMIEE X =TS B B . 4 A PRI IZREIRRED
BIOWAKIRIZE W TEEraua 7 4 L glgENR L 7z
(Fig. 4¢), A EF-IC K 0wk ThE 77 » o v
DR SN TR EZE L O NS, LT
BEOFRBLINMIIRIC BT 207 7~ 2 b v ORI,
WPEEBORBE LR 2T 5 L L 12, MIIFERLKRED
MELZIT WD LRI NS.

KWFZEOAER A 6 HEGE X 7= Wi B O Vg YRR
2B ARIREEMOBRES Fig. 7158 T. &k, 7 b7
A 4 ZDOGRE AL, RUFFE L FREHICE & e, BRI/
FRIZ A (2006) (23 &K SN -EIE DB DM % 3 L ISHEE
U7z, /NN IZ R REHERII D% & BT L IRADHE D,
WEPMET T 5720, KEhicswTimr 72 v
MRS 5. W75 v 2 by ORZEIIRE L T 2
F a7 ) —ERmICED (BH, 199), P LYo 7 b
FA AL HIIESBICER S, TS, 0,

KB I 75 v 2 b v RO T 54 & 2%
BUORBHREMOLE LT L RASEE D, KE 8IS
WA E NS, 2N, AN L 72
Wit 7' o b v ay, SEIRAORIIZ & D REMHED» S
EcEhd L Ly, BWED EFICX DR XS,
% DBHEDL L1k, ZThE TOMEIZLDHEREhTH
72Z&ThBH (R - W, 1981; HHIEA, 1982; M
A, 2004). LA UAZE T, Elik R & H R
B E CORBUZ I W TEBE OB A 170, —HORIK
AR O EIRE & WL 250 & PRI BDERH T 72, 72, ST
JEIRORIRA NI & WSRO 7 5~ o - v E 7z
FPE BRI AR E U, RO T T v o b v REEM
HIEHEOR BTN N E WS B R &5 7.
HIRMEE T, SRR ORI A B A 8 e R R
AR ABEELFEEHSTWEEEZ SR TWS (R,
1980, 1981). A2 W\ THEIM & 72 POCIRE 1F, H
W77 v o bR A/NEIINCIE, SO (Ogawa and
Ogura, 1997; Sato ef al., 2006) 35 & O'FHEE (KA IEH
2004; Sugimoto et al., 2006) D Z I FHIZFAT B I D
MRIZ 5517 5 POCIRIE & [6) UAYE (Smg/ ' Rili) T
otz LrL, KNP S Wz SEEER T, pOoC
B ZN S OBELL EISE L 72, Islam ef al. (2005) &5
BIND EEERIZ B W T 20mg ! % 2 5 POCIRE % 8l
MLTW3., 2, W75 v b b Bigmo s b
T4 42 EGOREHEDPERE IS Z 212K, S
JEMPIER ENB7-0THBEEZOND. EEEHOR
BT, WEUSEIC S W TIIRAELAVNE <, ik En
WEEAH B (Uncles et al., 2002). T D% 2 5w K
&, HARTIZEHEEIISHEA T 20 OMERIZIR &
% . ARWIFROBHHRB Y, SO B3R E S A
7 ¥ K Sinocalanus sinensis D im BB 5 AH LTz (VMg
15, 2006). ZDS. sinensis L, SIWIS %2 KE L&
THIFMERIZE S THEREABME LR >TWBZ RO
T3 (HIEHES, 1999; Islam er al., 2006). 41 WHEH
HOARERIZ B NTILS. sinensis s E DIERRIEEE D, K
HITAAET SRR EH AR $ 5 Z 22 X0 EoEmaE
PEAFB LT BuEEMEN D 5. SV X h
% E[AlFEIS, £ < OFEEMAAER L T A RE 04
RERITXT B PR A TR 5121, 58 & RikA R O AL 5
LEBIZZOBBEEAEML COLS BELRH 5.

.

FEREANITH O LB EHRK, ARKTTOBEARAKES KO
e ] LK BE W PR AT & > & — A IR 22 ik B O Rk
Z, BRI D72 DR 4 8 TR ATEC . AR
REPii v 4 — DFER— L 213 U & § 5 FkkIC
i, RERNAROSHIZE U CER OIS A 5 QN & E
SIS #THO 2, sERR PR PR R S 7 PR BR B i
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