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Dynamics of particulate organic matter in the estuarine turbidity maximum of the
Chikugo River estuary, Ariake Sea, in summer: Influence of the fluctuation of
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To elucidate the influences of semi-lunar tidal periodicity and freshwater discharge on the dynamics of particulate or-
ganic matter (POM) in the estuarine turbidity maximum (ETM), environmental observations (13 cruises) were con-
ducted along the macrotidal Chikugo River estuary in the Ariake Sea, Japan, from 8 June to 9 August 2005. The semi-
lunar tidal periodicity was generally observed during the period; the ETM (turbidity>>100 NTU) was more developed
close to and at salinity 1 during spring tides, corresponding approximately with the maxima of particulate organic car-
bon (POC) and pheophytin concentrations. However, the fluctuation of freshwater discharge drastically influenced dis-
tributions and properties of POM, since a large flood (freshwater discharge>1700 m*s™") occurred in the middle of the
observation period. Before the flood (<100m®s™"), high concentrations of POC and pheophytin (>3mg/~' and>10
ug ™!, respectively) were observed in the ETM, upstream from which chlorophyll ¢ concentrations were high (>50 ug
[7Y. In contrast, the ETM and chlorophyll ¢ maximum were completely flushed downstream by the flood, which re-
sulted in low concentrations of POC, chlorophyll a, and pheophytin (<3mg/~!, <3 ug/~', and <5 ug!/™!, respec-
tively). The ETM almost recovered three weeks after the flood, as the brackish water front gradually moved upstream
with increases in turbidity, POC and pheophytin concentrations. The POM in the ETM had relatively constant stable
carbon isotope ratios (8"°C; ca. —25-—23%o) and higher C/N atomic ratios (>9), in contrast to the POM in chlorophyll
a maxima (8C, ca. —30-—19%o; C/N <8). The present study showed that the POM maximum incidental to the ETM
consisted mainly of composite detritus of phytoplankton that was distributed from the river to the sea, whereas the §*C
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values of living phytoplankton were variable spatially and temporally.
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AWM (FRER 1700 km?) (X SUNPERISRIE L, FFENER
KBRS & RO NETH 2 5, HARRKOW (K
ZERI6m) 128 %D IAKA T & S L KIE H AR
TiEfh il 2 sy (HARME A2, 1985). EITBEE
ICRETDEIOLD BB EZIEE L, ThE TEWIsE
HREENFBEhB L8, 2L O (HATIZAEH
RSB T 240 DRSS hT&E A (T -
HAE, 2000). U2 LEFE, REOFER 2 )V OEES,
CHREOBERRD 5 EORBRENFEEIL L OO H B
(HARWBES, 2005). L7225 T, (@4 AME0 fts
I T, AR OAERRRICKN T 22 ED 5 2 L
FERZOHETH 5.

AR BRI S RBRNNE NI ROMNTH D, AW
TR E B4 2 2. WITFETRAFIZ Y
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T, HRICRHEEENTDbNI, &Y 39 Boleophthal-
mus pectinirostris 75 £ DYFFEAN 6N 5 . —F, B
&, T Coilia nasus°7 ) 77 & X ¥ 7 7 % Neosalanx re-
ganius 75 E DRFFEREZ IO E T HEZ L DHEMEOKEY; &
LT TEETHLEEZONTE R (BHIE»,
1987; HALIZ 2>, 1988). FRZ, KIESRABICIER S h 5
PR e EE ISR ICiE 4 7 U HE 7 IFEAE D b EE IS
AL, AFHERICE > TRIFA BRI TH 5L EZ2 60
TWa (HIEIES, 1999; /MNEIZ A, 2006; Islam et al.,
2006; Suzuki et al., 2008a, 2008b). & 512, Z D EEE KD
TRk e B, MR FREOIRPME & & B2
ML TWBZEen6 (BELEA, 2005, 2006), FHEIID
&I ds KON IS A B AR U, S IR O
BREN 5.2 D BIIMD TREVWEF AL 5.

SBNIRIZ BN TR, B & G & 5 Bl 725 8
R 2 & RSO D F | WIS K A BT
T, YRR LR EA#ED BT Z LI XD SRS R S
% ({RH - Hd, 1981; HfIEA, 1982). EEERIZIE KR
BHORIREWED BT 22, 7 ORJFERHEEEIZ DWW Tid
FEAEMBEINT Z o7, Ll > T, $ghkiEn
(2007) X B ED T CHKIZ 360 T &5 o Bl 4 17
W, RRE IO BIREE IS EENC K > THRL S T
WBHZEEMENILZ. Thabb, MR RN R
L TOAETL, INEINEEE DK TS & 0 kb~ 5
YUY REY 507, KEENCET 74 22 ()
T v b v ERPNCHR) & & RIEHERI 2% %
EFohn, SEEEIERKEhS, LrL, HADZL O
W &[RRI, SR E A S FIC AT ClRiES kX <
ZEL, AHBESOBRRICK X 8% RITT XL &Kk
B KB EEOIIICRENDE (HAWBHEYRS,
1985). L7235 T, BEOFRBLIMIIRIC I % KRG
WO, WEEAH &k S InEZLH O E L m < 2T
2erllehad. HlAE, EREOFEBRIEICEV T,
HOKIEZEE RO Tt 54 2 ZHHAT B0, D%
W75 v 2 bR TIL—L%RI L, LI ANED
LW EMEZHARE SN TS (ZARIZ2, 2004;
Sugimoto et al., 2006) . 7z, KHBIZ HAKIZ & O WJIHR
DRLRPVE B EEBOIAFPICHERE L 72 Z & A%, JLiBIC
BBl h s (HfES, 2003).

AWz, SUBRIIMIRIZ BT, MFEOZEEIZ L
& 78 O KORGE B O o3 A & PEBE ORI 2L AP & 212
THIELEHMEL, EE02H AN 13BIOBM %17 -
72, HEORBIMCRIZBWTIE, avTuyery,
TVTTe XY Tk EOARERERE G L O
BARET S (HIE, 1980). L= ->T, ZOHORK
WEEMZ, BT 5o by EN UL 2 55
MEAEFEE L CRICEETH D EEAONS. LrL, —fi%
[T [ b S TR s QU 7 b A 7 B N o [ o X 17 ¢ 1| D X T E

3675 - HIREE - 1 5

B Lt e & o & & & & 2 EpEE ICHR T 2 ROk A HY
7y, ZEE ds K ORI ICHIELRG L TV 35845 % <
FEAEELGERET O LW, 22T, KRR
1192 (B2AUE A, 2004; Sugimoto et al., 2006; $HiARIE A,
2007) 127 bWy, IRFLERM A 2 AR ERRE I X
VIRFEBROLEMAADLE T, KIRAEEHORE L %
3 FEAEPER EHEE L7z,

M EFE

@ A

AR B K ORBENI TR BT, 2005 FHEFED
BUHNZ N2 10588 UNRIZ A, 2006; $iARIE A, 2007)
ZIA, PRI IR OO Hi 2 1 S A B &
ZEDLWAKIRIZ, Hi7zIZ3E R (R2.5, R3.5, R6.5) & FXiE
L7z (Fig. 1). BARMICE, W& RIE L, Z0O%23km
bEichiE U, RO FIRE & 5% KIEART & LT,
1.5-5.5km BIREIZ 108 8 230 2. Mk 0 pflizix, %
FZi > TRI3kmMP A EL & U, KM S FUE7 TR A
W B2 58 10km A E3 & U T3 ERM &% 7z,

130° 131° E

E1(3)0
E2(5.5)0

E3(10)O

Ariake Sea Omuta

0 10 km

Figure 1. Observation points (open circles) along the Chikugo
River estuary of the Ariake Sea, Kyushu Island, Japan. Dis-
tances (km) from the mouth of the river are represented in
parentheses. Closed circles represent observatories for tidal
levels at Omuta and for river discharge at Senoshita.
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Table 1.
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Summary of observations in the Chikugo River estuary in the summer of 2005. The values of discharge are the means of daily

discharge between the observation and previous days. The values of tidal range are the differences of predicted water level between

low and high tides immediately before the observation.

Number of station Discharge (m®s™) Tidal range (cm)  Water temperature (°C) ~ Water sampling

Before the flood

8 June 5 32.0 290 23.5-24.9 Surface

13 June 6 46.2 197 242-253 Surface/Bottom

18 June 6 18.7 234 24.8-25.9 Surface/Bottom

24 June 13 15.6 340 26.0-27.9 Surface

29 June 6 359 244 27.4-28.4 No

4 July 6 145.3 232 24.0-25.3 No
During the flood

9 July 7 549.9 294 23.1-23.9 Surface/Bottom

14 July 7 421.9 218 21.0-24.3 Surface/Bottom
After the flood

19 July 8 151.7 234 24.8-27.9 Surface/Bottom

24 July 13 63.6 399 28.4-31.3 Surface

29 July 8 50.8 228 27.9-29.1 No

3 August 8 71.0 229 26.1-27.2 Surface/Bottom

9 August 8 48.2 340 28.0-29.9 Surface/Bottom

BME2005F-6 H8HA 58 HOHDMIZ, 5-6HIZ 1]l Vo) et ZOLRIHEE (400°C, 3KEH]) 2K DA

DHAE T - 72 (Table 1). HHOWRIOK 2 BEMIATIZR &
EFiA S B E R | RIS U CRE DMk % iR T 5 %
T, EX, FROESIHREI L 72, BAK T L2EsE
6 H8H-7H4HIZR3.5 (A 5813.5km E¥), 7H9
H&14HIZR3 (B 11km k), 7H19H-8 H9HIZR2.5
($98km i) THo72. 7=27L, 6H24HE7H24HIC
E, EEREIROMIIE? D THL, Ko FRRA 5w
Ol £ TOLFH OB LR T 5 720, & 13ERIC
BOTBIAT - 7.

KRNI T, Environmental Monitoring System (6920
Sonde and 650 MDS Display/Logger, YSItL#Y) 7% FHyTK
ﬁ,ﬁﬁ%iﬁ@ﬁ%*@#%iﬁiflmitmzmﬁ

FTPE L7z, ARIcBiE S h =R E & 50 s 5 720,
KIEE EOK (BUF, EEAK) 2357 F Y RRKEGRIZKD
KIAZ ST VICK DL, HEHARGB AN TR -
72 L, BRAKEBBL A S H 57 (Table 1), F7=,
TH24HIZIREE LY b — DRk 728, HE 4 KHllL
7.

20054F-5 HOH & 24 Hs KO 7 A 23 HITIE, FEERED

A MEE A SR E T 2 720, Hho FHERZ BT

BOCTEHER O KRR 5 mm 2 SIS K D ERELL , &
REM DAIZ BRI H B )it - /2. Couch (1989) k5 K O
Yokoyama and Ishihi (2003) {Z L7z, DITOFMEIZEL D
ﬁiﬁ%%ﬁ@%%ﬁ%ﬂ@bfﬁﬁ%#é THEL 72, TR
S 10mm IZJAT 7= HERI D FIZ 4 v VR (63 um X

W A2 U 72 ORif% 125-500 um) % %9 10 mm O J5
SR 728, L 5 W& X CC— M L 72, B,
NSO 2 JEH) 5 mm &2 BRI L CHEREAKIC K g L, IKE
TRHISEN & & &0 R A 19 7.

2 W

DT oM T, 2005 FEEF0OLE ($vKIEA, 2007)
EETHULTH D728, MIEOAELRNRS, (AKIEH T 2
MEAE RS (GF/F, Whatmanth8) 2 FIVL T L, A
IR SRR E 2 2 O L FHHEE L2, %H, K
RWE ICEEhb 00T 4 hak Tx2X 7 4F Y %90%
T b VAKERIC K DML, BRI X 0 llE L 72
(AARWEHF2, 1979). KRB O AR ER, 2R
I K OCIRFRLERMNAKRILIE, JTeHEHrEE (EA1108, Fisons
Instrument f18Y) & EH &5 Mt (Delta S, Finnigan Mat £l #4)
EHAADELZI Y Ta Y 2T AIZKD, BEICLEZNS
THIE L7z, ME S h7-ARIRER & AEREOEL LA
Koo, RRPEO N E Lz, &k, HIERNC CaCO, %
%f?%tb,ﬁ%%m%HO%HFE@L Z D%, [#H
ANaOH & & G ITEHAB S ICANTHRIL 72, IRBELER
PRI EEIC 5 60, BREYE O IR BRI RN IR E O
FEETHHE (%) 1L DR

61 3C = [(R /Rstandard) - 1] X1000

sample

T 2 TRy & Ry 12 7 12 MK & EEIPLZ 1513 5
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IR B ERN R (3C/?C) #%& L, FEUEYIE X Pee Dee
Belemnite (PDB) T& % . WEKEE 2515 729, &0k 3-5 1
120 % LEDEIA THlE L72DL-7 5 = ¥ @ §3C O FEHE
ZE130.2% LT Tdb - 7z,

SN O, 28 m & NI # b R s ]
FTHEFT D & — LX =T (http://www.gsr.mlit.go.jp/chikugo/) {2
ALREIN TS, O TFEMPT G2 5 259km i,
Fig. 1) 2% % HF im0 d@il 4 vz, #Eod
HIZOWTR, wEFER (EL@mEmIE, 1998-2005)
AN AR O, Mg (KR, 2004)
IZARIN TS REH (Zul) B (s 6 Eigih
BEIZTHY16km, Fig. 1) 126135 PN 2w, ATk
IZHW O & 2 OERTO T & OWEEEF R L, £,
ARWEZETIE, EHEEICBIM AT 5 2 Ll 8 E i
(R2.5-R7, M4 6 8-23km ki) OfER%E, 6 H24HE
7 H 24 HIZ O ABUH A 1T - 72 Tl 5 5% 55 (E3-R2) OA5R
XL T, FELLRITL -

#® 2

KRB OKT - HESH

W2ETE AR OZS 20 L, U O R s
399cm (7H24H), &/AMEIZ127cm (7H30H) TH -
7z (Fig. 2a). SRAZJN DR IT 6 AR £ T100m® s~ Al THf:
BL, Frice A 1725 HiZ 9 HIEE T 20m’s™! % M [El 5
EWV S IEAKIRTH - 72 (Fig. 2a). L2 L, 7H EAIZiE
HOAKBHEDE L Z D, Fi29-14 HO AT HEHWH
EBA1700ms ™ & Bl 72, 7A Ml TIE, 7A31H
ESHIHZKRZ, WEIE100m®s™ K THERS L 7=, AHF
KT, ZOXS HmBOBINAZICHEAL, 7TH9-14
H kB2 K & FRdE & LT, BIH % KT & oK
B K ORI TR & 1T > 72 (Table 1). BEHIZ, %
L DOBE, FRIISR T L2=Z en s, BlEOBREIZE
By pyme LT, BlloniH & Y HOFR RO T % KD
7z, ZOWRO I EHAKEEIZ 400m’s™ & EBID MY
KOWBERTEEZIZIZF150m’s Th > 724, ZOfo
X 100mP s~ Kiili TdH > 7z (Table 1). Kihid, HAKRTIC
1324°C 70 5 28°C F TIRAIZEF L7224, HKERTD 7 H 4
FIZiERe T L, HAERIZIE21-24°CIZE TR T L 7=
(Table 1). ZDf%, AKRIEHEL 2 EAH L, 7TH24HICIE
REME31.3°C #icek, T 26°CLYLETHERS L 7=,
WA O R IMAKIZ B B, KOIRE O HE R
R (POC) HE, ruau 7 4 haiRfg, 7474 F ViRE
BXUONHOA YTV 2% HE L BITRT (Fig 2).
S EREIEN NI L 0 & EiRE TH#AL, WIEES)
IS U2 ARRBIOZED 2R L zas, HKEHSIEEE L <K
TU7Z2. —JF, S (>100NTU) &, HKETIZEE S
12 H IR B kml EIZh 72 0 HIRIZIER S Tz
7%, WOKERIZIEHAE L, 203 EBM Eich 7z - T

Hoeds - lpkE - [ 5
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Figure 2. Changes in tidal range and river discharge (a), and
isopleths of turbidity (b), particulate organic carbon (c),
chlorophyll @ (d), pheophytin concentrations (e), and C/N
atomic ratio (f) in the surface water along the Chikugo River
estuary during the period from 8 June to 9 August 2005. Iso-
pleths are overlaid with salinity contour lines. Closed trian-
gles on the vertical axes represent the locations of the obser-
vation points. Stripes represent areas where observations
were not conducted.

M N h -7 (Fig. 2b). POCIRE L, WE % /KMIL =7
A24HHi# %2k E, WEL I -HKLEEFHERL
(Fig. 2¢). %&b H, POCIRE A 3mgl ' LI LD AR ik
B EIFITERD , HKRE ZOERKRIIZHRL7ZH, Z
DD IHFNEIE 5 1 &2 P OIC B I B km Pl Ei2h 7z - T
BIL 7=, 12, POCURIE Smgl ' Bl o AKIKIZ, % 200
NTU B LD AIIZ 3L, KO A4 5 A
Holz, 7aaT 4 hgREL T X T 4 FVIREDOET)
1, IREEIIICIE L K =L =A%, ZERIICIZd LR 5 7=
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(Figs. 2d, 2e). T &b B, Mi#H & & POCIEE DRRAHIZ &
<, WARKEE ZOEBITITFLIALT LA, LrL, 71
O 7 4 )L aRfE DMK A E I EEREE L D LMo 1
FIOAIRITER ENF2DIZH L, T4 T 4 FVIBED
W KSR 1 2D & § 5 EEEBICBER SN, &,
HWAKFETD 27 a7 4 a3 100 ugl ' BLEISEL T
eh, WKR#®%IZsSougl & ERS Z i3 ke 572, CONI
o uaa 7 4l aiREORRKMITICZ T8 K& K<,
TxA T 4 FVREDRKT AD b EEERIZINTIL
& Eh 57z (Fig. 2f). 72, HAKKIZEEBIZB W T
CINHRILLETH 7.

il

I

S EL Rl B
AL E) O B

KT & HKREE R & O AR B%: 2 RE T 5 6 Inl D BUHI, SR
EFLS R 720, g, RIRMEDOPOCHEE, s uu
T4 lalRE, 7274 FVIREBLXCCONLIZDONT,
TR - 72 AR - SRS &2 78 L 72 (Fig. 3). HIKATD 6
A 13 H (Fig. 3a) 121, W25 15 km (3L 4 B0 2 Eag
BFE L, FHIEE 200 NTU ML EOKB>IZHWTC, POC
W Smgl DI, 72T 4 FUWREIE3Sugl ' Bk,
CNIIZILLETh 7=, T, raa 7 4 ek
M2 5 20km (HED R IZH W T50ugl ' % EID | Z
Z TR CONI 8 A & K2 5 72, AW D7HIH
(Fig. 3b) (ZIFREDEE NP F L2800, fIREL

a) 13 Jun b) 9 Jul (flood) c) 14 Jul (flood)
Salinity <1 Salinity <1 Salinity <1
Y vV VYY VYV VY YV VYYY VY
900 (NTU)
<60 NTU 700
360
Turbidity 100
9 (mg )
7
5
3
—_ 1
E 90 (ug 1)
70
;g_ 50
30
[
: -
b (Hg F)
25
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5
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9
8
——————————————AL\E 7
10 10 15 20
Distance from the river mouth (km)
Salinity
10-—-—
d) 19 Jul e) 3 Aug f) 9 Aug $o——

vvYyy

<40 NTU
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15
Distance from the river mouth (km)

20

Figure 3. Longitudinal profiles of turbidity, particulate organic carbon (POC), chlorophyll a (Chl. @), pheophytin concentrations (Pheo.),
and C/N atomic ratios observed along the Chikugo River estuary on 13 June (a), 9 July (b), 14 July (c), 19 July (d), 3 August (e), and 9
August (f) in 2005. Profiles are overlaid with salinity contour lines. Closed triangles on the horizontal axes represent the locations of

the observation points. Striped areas represent the riverbed.
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Table 2.

Hoeds - lpkE - [ 5

Ranges of particulate organic carbon (POC), chlorophyll a (Chl. a), pheophytin concentrations (Pheo.), C/N atomic ratios (C/N),

and stable carbon isotope ratios (6'°C) of particulate organic matter collected in the Chikugo River estuary before, during, and after

the flood in 2005. Different superscripts indicate significant differences (post hoc test of Kruskal-Wallis test, p<<0.05). N

of samples analyzed.

is the number

N POC (mg!™") Chl. a (ugl™) Pheo. (ug!™") C/N 8C (%o)
Before flood 34 1.0-18.5° 3.0-163.9° 0.3-44.8° 6.1-11.6° —27.4--22.8"
During flood 28 0.8-27.1%® 0.4-15.7° 0.8-60.4° 9.3-12.5° —24.8-—22.3"
After flood 53 0.5-29.3° 3.0-48.9* 1.2-61.0° 6.5-11.3 —30.1-—22.1° (N=52)
TEEERPER E N Tz, L, IRIESIzs T —24-—22%0 \ZUR L 7 (Figs. 4c, 4d).

suaa 7 4 aREA 10ugl " HWIZI T L, CONEIE9
PLEIZ BR U= WoAK%BIO7H 14 H (Fig. 3¢) (I
WMATEARITIHET B L HIEHC, 2325V TPOCHRIE 1T 3
mg! 'AKW, 2 ua T 4l aREIE3ugl T R, T oA
T4 F VRS Sugl RBHCETIK L, £, 20O
ﬁ@cmmi9uifbot.mm%wﬁﬁ%u,@bh

SIERAVHE S L L0, AP ERE THEAL TS
%%@%Bhtmwamm.;haﬁﬁt,@g,mm

BE, 7007 4 hagREBXO T 2474 FUVIREN L

HU, ThZhoOBKOMNE EFRICBEIL 2. HiKk» 5
AL EARE L 28 A9 HI1Z1d, HAR & IZITFEED

EEEAER S h, Th&k 0 EFflTidraa T 1 ba
WREA30ugl ' PAEEE <, NI 8 AN & AKA - 72,

WRERYOME

KK EIREKOPOCIRE, vau 7 4 LaiifE, 74
T4 F VRS CNIE XUV SRC DA TORKERIZO W
T, MK E KRS K OHIRBO BN BT %17 -
7z (Table 2, Fig. 4). HAKDEEIIOTHOHEHIIKH LT

LEHBETHD (27 AHN - 73 ) ZRE, p<0.05), U
T O AR X Nz, HARERZZ ORiRIZHNR, POCHE
EMEL, zua 7 a a7 24 7 4 F VIRE K
Moy, CONZE» 572, —J5, 8§PCIR K Foig
W < FRONHIPH (—24.8-—22.3%0) (ZH - 724, HIAKB I
WM LS B AN DS 5 72 (—30.1-—22.1%o).

POCYSIE AU L, v uu 7 4 Lalfsfs, 72474
FUIRE, ONEBE LU SPC & DR %EF N7z (Fig. 4).
suaa 7 4 )baiRE & POCHRE O MBI HIE L BIRITE 5
3 (Fig. 4a), BUMIH Z & ickimiAREISEKE 3T 72543
P 2Btk IE e o7z, —0, 7 x4 7 4 F VIRE & POC
TREE DO RNZIZ IEOMBI 25588 6 L (Fig. 4b), 138BIHIHD S
HBITHIZBWTHETH - 72 (p<0.05). =72 L, BHH
ZEOMBDH X L HizE D B TR & O RIS IR 2 B R
(38D B h > 7z, POCIRE A Smgl ™' Kiii TIZC/N b
1$6-12, 8BCIE —30——23% L IT 5 DENKE D 5 72AY,
POCHRIE N 5mg ! 'YL E T /NI 9-12, §53CiE

SPckruu T 4 halfEB KO T AT 4 FUIRKEE
OBk % Fig. 5128 F. SBCIHE, 27007 4 )L gl EHs
ug 17 VAN TR —24%0 (EIZEE R LT e, vaa 7 g
NaiRED EHIZE S > TR T L7z (Fig. 5a). HiKai&
R 50 O TR IR & 17 - 72 /53, HOKET o i &
(—0.013) KRB OMEZ (—0.076) T HBICR K - 72
(p<0.05). Z¥, AKX, Zow7 1 LaiRfE L §5CH
PROHPIZED LT, RS EITb a5 7.
—J5, §BCIE, T x AT 4 F VIREHN 20 ugl T A T
—30-—24% T H >7=h, T7xF 7 4 F VIREN20ugl™
Pl B3 —25%0 LA 1o iy i it © b - 7= (Fig. 5b).

6 H24H & 7H24 HICIZEEEROIIE 1D TE L,
MOOMENZ T B IRHPHIZ D7z > TR A1 > 72, WiH &
SITKEHHOW L ORI & R SERA STk
W, KiOBIMKERD A% RT (Fig. 6). HAKHTD 6 H 24

IR, KO 7 A 24 BIZIZ A& TOERIZHB W TS
MET LT 7z (Fig. 6a). 6 H24 HIZIX, POCIRE & 7 =
7 4 F VIREOMKA KD EFEMIOE S 1 Ko AKIRIZ 2
v a7 4l aifE QW SRk 2/ S 7z (Figs. 6a-6d).
ZORFDSBPCIE, 7ua 7 4 LaglREDORMmKIZE W T-
27.4% LK<, T XD T TIIMEA —23% TH - 7=
(Fig. 6f). —7J5, 7TH24H1I2iZ, POCEE L 7 =4 7 4 F
VIREOMK LD M (Ea<1) E2rhTa<, M
il (HE>19) 1I2d 27007 4L aiffEDMANRS N 7-
(Figs. 6a—6d). Z DKM §BCik, LMoz vaar 4 va
T OMAIZ BV TE —28.8-—26.7%0 &K<, iMoo~
007 4l alEEORKAIZE W TIE —21.3-—18.9% & &
h o7z (Fig. 6f). &k, MiHE 12007 4 LaiRED
AT TIXCNIEARTTH 57201z L, ZofthioK
BCIXCONEARLL & Eh - 7= (Fig. 6e).

SHETHICTEREOHERY 2 5 5 #E U 7= A (o
YD §C % —20.3-—15.4%0, C/NIbIZ6.4-8.0TdH - 7=.

zZ 5
MEXBERELED

KORA B O JE N 22 BIRE IS DT, BROFHR) 15K
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Figure 4. Chlorophyll a (a), pheophytin concentrations (b), C/N atomic ratios (c), and stable carbon isotope ratios (d) in relation to par-
ticulate organic carbon (POC) concentrations observed in the Chikugo River estuary during the period from 8 June to 9 August 2005.
Observations are divided into three periods; before, during, and after the flood. Triangles and circles represent values observed in the

surface and bottom water, respectively.

IZBWTIHIEAR D LR LK TH > =015t L (86
K, 2007), AEOPFEEREIC VL TRHAKIZE S
BOMBEHNPRNE AEELERITL T (BRI,
2004; Sugimoto et al., 2006) . % Z TAMETIE, HFIC
1T 7BMOREER AKRIZA, 2007) I &D%, EEE
WK ENE Z DL AKIEE PO, EEO20 HM
ICXF I AWEERED S & TEMEOBMEZ 1T 72,
FEZOBME R, 2 TOREIZ H b o o [l t%
IS 222k, AEHIORSR 2 BIBNIC L TE L
BRL, THICEREOMREADLE T, HELREOFES
MR 5 Z & A#FHEIC U7z, AT, SRl B 21007
B, HEOFRBINNMIIRIZ 61 2 WA & i aEa @O
BOM S Z T 5.

BEICH S NWEA 0B, B2I2 8 HIKETNZIE

FoxDEBohz, Tabb, KEEICIIES 2L |k
MECTHAT S EE BT, T 1ANTIC SRR TR X
N, TZCEPOCIREE 7247 4 FVIREB LU CON
e B B MBI B - 72 (Fig. 2). 2hid, HEL
BRIZ, WLWERICE OFIO T+ 54 2 2 % G L EiE
BhrtE LFoh, SiERAGSh720EEL605
(EARIZA, 2007). LU, EEO/NGIZ I 5D
KTFEroa7 4 afdED LA (SARIEA,, 2007) 1%,
BERIZEWIECTIE A » 572 (Fig. 2). TOERE LT,
RO2WNEZONS., 7, BHHHIBANOFEZEIZONWT,
HZ (127-399cm) 125 ZF 31-516cm) & D  ZE T A3/ &
Mo tzizdh  HFRIGNHHOMZESR IR R E» 72, Z
D78, BZEO/NIIIISEIRA AEFIE EITIIHEM S
Ny, KEFom EIC KO T T Vo v OREHEEER <
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M S5 Z & id ek 2 mBRMEN E, RIS, B
NOWRBEIZDNT, HFE (12-1768m*s™ ) IEHFE (51-159
mPs ) ISHARPAFICKRELSEHH L, LT, HFE
DRI I TE, YWD TFMME B D, WIZEEHORE
EAIRIZT 2 IZERBLEBOMENEIr 72 F L 5H
5.

WRINE, AADZ L ORI, HRPE R &
) KMICKDRESKESEH TS, hoFkicrt
TiE, HEHHEA 1000m’ s 4 kol 5 KR 2 Bk A3
FOEIIZROEND, TD KD 5 KB L AKRERZIE, R
BARIEDOETOKRMMNEFIZ XN, FRSABIICHRE X
ndZ ik, Mk 104M (1996-2005%) I2HW\ T,
200512 6 HDFFE 33m’s™!) AR DA VETH >
7228, THOFHRE G15m’s ™) R4FHIZZWETH -
7z, Tabb, ABHBIEORHZEARNIIIZH D, %E
FBAED &S IZH S N B K K2 6 O Bl RIS

HolzbFAB, FRFERIS, RIKAERMO N & 1HE I,

Wb o, WK E HiK B KO AKEOBIZE
WTCHARRIZ S e 5 T2 2 & A 5 (Figs. 2-5; Table 2), 2%
ZH LD S MELEH LR L BRTH - 72 Z L AL S
hi-.

LOEVRE=E . £7/10F S
HRIIBWTE, HEFELFEMIC, SEEEO POCIRE X
TIZE < (Figs. 2, 3), sk 3 Mol 2 ik & & &
IZHABEMIPNER I Tz, —F, POCIREEL 7 x4 7 4
FURER, WEEREOEFHIIr2DE THANLL —
HU, MEICITHE S EOMHBA & - 72 (Figs. 2-4). Zh
5DZ L, EEEIZEM S TORIRE I3
ZHMID T F 54 2B XA ThHho-72ELZ6NE. —ikIZ, K
MoOT 74 2 20EENHEET S LT, ONE SBCIE
BN IEIEIZ R D (Meyers, 1994). 2 2T, HEIZEHE
OB % 1T - 72 B8 i O RAR A O C/N & §5C
., HEIZA DS HEMO NI E SPCOFPHE & I
Fig. 71S/R L7z, 2512, WD 229, BFO LMl s &
MO(EZEO i E SR 12k 3 RIRAHEI O
CNI & SBCER L7 kI, 2007 & 0Ky . HF
SR AR RE U, WA OB > 722 &
5, KW & A s KOV NN XA L 7=, ks, IR
I D132 HEO CN e e SBC oI IZZ 2, Wil &
MUK OM 75 > 7 F V132510 & —30-—24%0, WD
W75 v 27 b Vid5-10 & 24-—18%0, B LD C3IEARK
B (LU, Be BREr) 2000 B —30-—23% & L 7=
(Redfield et al., 1963; Fry and Sherr, 1984; Meyers, 1994; Fujii
etal., 2002).

RN O C/NH & §BC DKRER &, Wi & WD
Wit o v o b vOEBICEEN, AN2LATHHT
SO - oV <L 7/ B AW € 1=t/ b A A A NV N T Y (VAT N 1
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Figure 7. Relationships between C/N atomic ratios and stable
carbon isotope ratios (§'>C) of particulate organic matter ob-
served in the Chikugo River estuary in 2005. Observations in
summer are divided into three periods; before, during, and
after the flood. Triangles and circles represent values ob-
served in the surface and bottom water, respectively. Obser-
vations in spring (Suzuki et al., 2007) are divided into three
categories according to the tidal range; spring (>400cm),
medium (200400cm), and neap tides (<200cm). The
ranges for marine phytoplankton, river-estuarine phytoplank-
ton, and terrestrial C; plants are derived from references
(6"C: Fry and Sherr, 1984, C/N: Redfield et al., 1963; Mey-
ers, 1994; Fujii et al., 2002).

L7z (Fig. 7). EZIZOWCiE, Wl &Ik o it 7° 5
Vo by ORI E E B RRAE YN K ET & KBRS
Woh, HKEHZIZR A 57, ARz 7 oo 7 4
LalBENHE LK T L2242 EZE 2 5bH B L (Figs. 2,
3, Table 2), HVKBHIZIZRI T 5 2 b v DREBIZE A
EhotzeFiZo6N5, —J, ML)~ 7
Yo b v OH 2> 5N RIREREE, T T v o
VICHRD TV (N, 9-12; §°C, —25-—23%0)
IR L, KRS & KB I SRS I SR RAISERD S h
7z (Figs. 2,3, 7). L7223 57C, HoKRT& HKER 0 v ek
CHEMER T IO T P54 2 2103, B EEED 3
FIh T 7 v o P VICHRL W REEZ S NS, K
EEDRIRERE 2 ONWTIZ, CONEbE §BCIZ k- TEEE
BOKIREHE L XTI TE b -7, ki
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RS /NI 7% N R

EEBOWERAAEBRT B L, WOk T 7 v o by
BEEFN TR, Sk, HEFEO KRB,
EWC/NIL (>12) AL, B LAY O Z55- 53 Ui ok Z 0
EFEZLNDRIRAEMB RO Nzh, HFIIEZIDXS
BRIREREIR oW h 572 (Fig. 7). 72, &FIZM
N, HEORIRAEHO sPClZiE o2& R K&En -7
(Fig. 7). ZHhix, EFCZ A BC 247
TV YDPBRAHEE L (Fig. 6), ZDT b T4 & AR
KEIAFEL 2D EFZENS.

HAKICES &> RRFEYDENRE
ABNC KO HEE Sz, EEOFBRINMIIE (RS -
P2 5WI0FT) 125, HKIZE S &5 Kk A D
BREDEIAX % Fig. 81289 . HIAKHTIZIZ, WIHRENIC
& 75 ) KIGHERI OB & B L EERAIC K D, Ficmil
P OUWHEE CONMT 5V 2 b VIR T A RKEDOFT LT
A 2 Z 38 S, SO LIS W 2 S I IR A T K &
N5, £7-, @EEEE D RN R EE O
ZBWTE, W77y by SRS 5. —J,
HOKBRICIE, 70 74 2 22 GOREHRED &~
I NYBHATHREELBIZ, EHRPSH LT N IA 4R
BWMAT B, HKZIE, $HERAER L & 812, HY
NED ERF AL, HAKRERIHRE L - REHER A E
JEEND (BELIEA, 2005, 2006). A 1A TIZI 5
AR S, Zh kD Eilo iy E ook
BickWThim 77 v o b V8T 5.
HROBARI I, MO P s\ TmiRoO
MR AR 2, W75 v o b BB 5 0D
WA BH B (Murakami ef al., 1992, 1994), AEHNZ W T,
HOKENZ @B L O Emtlic R ek r 7o+ v
DOWEF B, EFICEER ST EAIZH,, 2007),
BRI T IR ROBR Th > - ieErd 5. £72, 7
007 4R 2RO ERRIZ & 72 25 KIEDE T
EEEWEAITH 5722 L2 5 (Figs. 2, 3), HED Byl
BTG L 723K 75 >~ 2 bV AL Q=]
e ERD. ABINC W, BEEHOT N 74 & 2
DCNE, BE BRI CNILE O 75V 2 b VD
CNMITE P 572, 23U, F2 52 TR
MIZkBWTH T 5 v o by OEEREIML @KIED,
KIRE&), HFIEFE ML e T2 v 0T
b4 ZABKEISHEFEL T2 EELLENS, —JF,
HOKIE BT S 7= KR AN, DHEESBRERICHA T 5
AR =JINZ I THIKIEIZBRI S o 7= Rk G (CON L,
18.3-22.3; §"°C, —29.5-—25.5%0 ; F2AKI1E A, 2004 ; Sugi-
moto et al., 2006) 2R CNAMEL |, SBCAED - 7=
(Fig. 7). ZHud, SBNIWLUSIZ B0 CHKERIZHRA L 72
RAREF S, FIWIIORE T Z v o+ v &iiElE $ 5
TFThIABZATHo7=2720FZL06N5. 72, WO

Hoeds - lpkE - [ 5
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Figure 8. Schematic illustrations of the dynamics of particulate
organic matter along the Chikugo River estuary before (a),
during (b), and after a flood (c) in summer. Before a flood, a
large amount of detritus is suspended by strong vertical-mix-
ing in the estuarine turbidity maximum (ETM), upstream
from which phytoplankton production is dominant. During a
flood, freshwater discharge flushes existing detritus and phy-
toplankton out of the river, loading another detritus. After a
flood, detritus is transported from the lower estuary and sus-
pended by partial vertical-mixing in the ETM, upstream from
which phytoplankton production is dominant again. Detritus
is derived mainly from dead phytoplankton.

WM7sv o b & SRCHENE ERB MDA
HESH (France, 1995) 23HIKICE & 70> THIBEL , WAL
7eTREME S B 5.

RN DM 5 8-20km _EFROAKIK T, FAREEIZIE
VU b RO B REHER AR S D08, KB
K& D ZORBHEREYIIEEICHAT S (BED,
2005, 2006). ABIHNZ BT, HAPHIZR S h- &k
JEI (Fig. 3b) 1X, 2DXS%T 54 4 2 &G REHRH
MOFIIZE L EI BDTH > =N E L, HKEE
IZIIHE LT 7z (Fig. 3c). WA 6 3k U 72 3K g HE R
P, FISHIOTEMAEICHERT 5 & ch b (B
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%, 2005). 2005 4K 22D HKIREIZ 0] ITN O A D BT
b o 7=h, 2006 EZFEOHIKIFIZIZM IO 10km i £ T
OEMA AT, WL Ol (R 1AE) IS0 TR
FERDFAE MR L 72 (BAKIED, REEK). 2701, Z
D K S ITHIKREFISTER S h B Sl ki, SEAKIRSmITN
I S N5 SIS E L, TR R 5 728, W]
WOEBRIZBT D2BEAXAN L TEZLZ2MBENH 5. B
HHE A (2006) 1, FRNOWIA2 5 10km #6 L O 14km |-
ORI\ T, 200547 H Lo HKICK DAL 72
FREHEREIAY, %91 A HH21250-100% £ THEILE h7=Z &
AL 72 MO OHER S EIIIRE & T2 F 27 ) —
PEERRIC &L D WAt S s (B, 1996) 72 &
Eions. AKBHIZH WX, Hk» 5 358 L ERE
L7228 HoH ik, HiKRT & IZIT RO S IR 0 3 3%
sl X N7z (Fig. 30). 7272L, Hik» 5 DRIEHEOE X
&, KO RCBEE 12 & > TR 2 iR .

HARZIZIE, SEERO LR 2 0 T < TRflics
WTE, ONIAMEL . 2007 4L a8 h oAk
R 5N (Fig. 6), MiAKIZHWTH T 5 > 2 ¥ B
LW, BB nw i, AR nfitgxhs-
WS AREEAEL LI, WT IV N VDT — AHE
Lz &hTnsd (I2ARIZH, 2004; Sugimoto et al., 2006) .
FURRINMIRIZ BTG, HARIZE & 4% 5 REROMG A,
FHZ MR 75 >~ 27 b v ORHED Z 512k - 7z
R S, — ), RRMION 7 5 v o b v R
HKENZ R0 Sz h, K% O sBCITHiKaT & D &
A > 7= (Figs. 5, 6). W75 > 2 o §BCix, RUK
BNT &b > T L FEMRIIRNEE 12 & - TR 25464
& % (Fry and Wainright, 1991; Takahashi et al., 1991, 1992;
Sato et al., 2006). L7=4-7T, K%L, BAKKRIIZH -
7o KR & 135 7 B FAILRG O B S O Wit 75~ o b v
A, EEERO EFRENC LT L TW e i bh
5.

IhET, MIRRLNEIRIZ I T 2 HIZER RO
K BN A BIZ OV T, FISREEOBRENS 2 &
NTE7z (BlAE, Hd, 1995 HHEA, 2003; Eyre
and Twigg, 1997; Eyre, 1998) , KoRAHEMOEREIZHH L
=W gEiE P 572 (BAIE S, 2004; Sugimoto et al.,
2006). SN OEEEEIZB W TE, HEEOBM (85K
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7. BEOSGEERORIREGEIL, 7722 bro
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EEL BATOIEBORIRAEICILN, 877 v o
e STRIE U TOR A ST & 5 .
KORG8 7 7~ 2 vk E DL BEE D 2L
W, KRR, W e & OYIFE BRI O 2 L L &
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I
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