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Tidal Water Exchange and Transport of Chemical Constituents in the
Mangrove Area in the Estuary of Urauchi River, Iriomote Island
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Abstract

Tropical and subtropical mangroves are growing in a vast forest without being hardly influenced in
the human activity in the estuary of Urauchi River at Iriomote Island in Okinawa Prefecture. Physical and
chemical characteristics in the mangrove area in the estuary of Urauchi River were investigated. Tidal water
exchange ratio and fluxes and budgets of chemical constituents were evaluated.

In the mangrove swamp, the drag forces due to mangrove vegetation deform tide especially, the time
of low water is remarkably delayed. The larger the tidal range is, the larger the tidal water exchange ratio
between mangrove area and outer one becomes.

The concentration of chemical constituents such as nutrient salts, COD, transition elements, etc. vary
roughly in tidal-periodicity in the mangrove area. The cause of tidal variation of the concentration of chemical

constituents is possibly the environment around bottom mud in the swamp change in the aerobic and
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anaerobic conditions due to tidal variation of water level. It is supposed that nutrient salts, organic matters

and heavy metals elute much from the bottom mud to the water in the swamp under the anaerobic condition,

and that they are transported out of the mangrove area by the water exchange. Those chemical constituents

which are transported from the mangrove area have large influence on the coastal ecosystem.
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Fig. 1 Locations of water level, current, temperature, salinity observation and sampling points in the estuary

of Urauchi River and mangrove area.
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Bl 1 FE o RIS 1R O$RK & 94 L, pH,
DO, #¥ (Si, P), COD, fhit#EBt#kE Mn, Fe,
Ni, Cu, Zn, Cd) HDIbFER G OBB % {72, F
KIGIZFRE LR 28T, AKIIEAR Y ME[H L



54 LHAVE - AT R gk - BULIE - A= - LIRS
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Fig. 2 Temporal changes of smoothed water levels at stations UT2, UT3, UT4, UT5 and UT6 in 2006.
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Fig. 3 Temporal changes of smoothed water levels at stations UT2, UT3, UT4 and UT6 in 2007.

Table 1 Time lag of high and low water at UT3 behind at UT2 in 2007.

High Water Low Water
UT2 | 238 | 263 | 238 | 268 | 247 | 275 | 191 | 101 | 176 | 102 | 170 | 105
W. Level
UT3 | 147 | 172 | 146 | 175 | 154 | 182 | 98 17 82 17 74 22
(cm)
Time Lag 1 9 1 13 1 8 5 65 19 56 8 47
Mean Time Lag 10 33
(min.)
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HANHT T~ > 71— 7Kk & AR ol N TR
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BRI L > T b s, RIF#ITY Yy s u—
TIRIBAZTA L 72 KA DK AT WFEIc 20 F
T IUE, v v u—TAIRNOKRD ANEEb D 1k
& v, WIS K DKL, PRI A
L 72 KA D IK A5 creek 2> 5 swamp (2B 3 5 BRI
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WS, x> 7u—7KBNICE I HH 52

Fig. 4 Tidal water exchange in exclusive area.

Q¢: transported water volume in flood,
Q.x: exchanged water volume.
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WCEDRDEND.

o, = —= (2)

20064F & 2007 FE DN~ ¥ 71— 7 K% A
OO UT3 B2 eifiso il @it Lo
BT 1A (A SR 0 & UT3 OMEWFIRI IZ B B A - Bt
W5 o (m’/s) B & OHL 5% (kg/s) DR
Fl& R 7z ZEHI S (2004) 12 & Z IR 18 o @810
XD, RVFEIRE O ITARTE O 18U $hE 9 12
BLRAELTWRIEDAIONTWA, F24ROH
W BT 2 BT BRI R 5 b, A4S SlPITAR
AR T O~ > 70— 7K A T A LT &
KN 2 S FH T 5 FUFEH & 12, UT3 O
2B 2 iERCH T OG0 MIITIE—HTH S 2 LDk
ATE, FIT, UT3IZBUT B KO EHFEHE R
e & BT I O AR E RS S S BT IR RE O BER Y % 55
L, ThICUT3IZBIT S 1S 1E O creek Bl /7
[ D Ve ISR F 7213 2 D245 U 724 W7 T A e R

FINZ 2 Hb 145 1 O G IR R 5 & T T, i O RER
Flaatii L7z, 72720, TERollgEo+m AT
% 72D ZHE RS % KT VZRE L7272, WETH T O M
O OICHERME X Y 155 N7z G I Wi 45
HE DRI OBRAYH L. £ 2T, 20064E121% 4],
2007 4E 1% 6 B OREWT BN X 2 ko 534 2 & 2
O OFRREEZHML, NSOz v TR OR%
FlZME L7z, WEOMIEICKEL, fERICI 1k
ZH, 1% HOM TR E T o oRs
AL < 7 5 50 F TP ZRIEER AT 2\, HHIER
BaEPE Lz, $72, M LR ORI Hl
WL BEGEHT T (L, 2HETOHETIR
Witd 55 L, WEicX sy oA b 2HNT TR
%), WA ORRYZ G Lz, S OISR
BN X BHE50 0 & Z OB ORHIER & & 0 HH ik
REHML, ZhICE-T, WAOTREICLY 1LKH
EXORIERE % KD, HAH%RREORRE % #IE L
7z.
YEDOFFIZE - TRDOZ2 UT3 OREBITHICEB T 5
IR R & IRk RO R RS & 1#19Y H o Rk
Wi L, BHMCH 2 HEITEWIC X 2 FH%
i (m®) &Ptk (kg) 25 L7z, e
LTI~ > 71— 7 KIRA O3 55 ORERT 53 &
N~y 7ua—7KBNNOFE SR, Thb e
FUFEB XM o SRR L 25, 2 XE

Table 2 Mean tidal range, alternated water volume, transported salt in flood and in ebb,
mean salinity and tidal water exchange ratio.

2006 2007
88 113
Mean Tidal Range
cm
7.24x10* 2.97x10°
Alternated Water Volume
(m®)
Ebb 2.03x10° 9.68x10°
Transported
ransgl‘: Flood -2.15x10° -9.95x10°
(kg)
Mangrove Area 18.02 30.53
Mean Outer Area 34.30 34.30
Salinity
(psu)
Exchange Ratio 0.11 0.24
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JIC T & 2 iR O ITHRER % KD 7z,
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TR AR 120 5 O I 2 i (10 74% 10" m®, 25 F& 3.4 %
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M, 1982) L MMETH 525, WA 24 & ik
BBL S NS (iR 1.2X10°m?, 28§ 1.7%10°m?,
ST R 60 m*) O TR IK & DX HEHK 62 %
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AIRDAZHEHNI A 7 D /NS, I TR 2= 2 k)
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TLEH 720, KB o B 1238 K E A5
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ns

Al E HEEORESTHLETEHE, K
B LD HRBRIRELS Lo THOBNL R, L
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JH—=TKBDIE) BRGNS Lol 2O
B E LT, ¥ v 7u— 7KDL HIE O
BEZONL., TOY Y7 H—7KIETIET MRS
& swamp DK TH L, creek @ _Eiikn b &%
abrwCcHFILTLE )25, EBIE RIS
WTd, creek D FEBDA LR 5T, swamp D~ ~
7 a— TEHRNIZERIZA D AA TV S creek DL
% swamp WO FEMSEITH B EOKPEE L TWLH0
TlEBwhreEzZ oMb, F7- swamp OEIZHEH
HIAFE N7z creek DHIER, swamp DFHATK O HiTE
L= v ru— 7B OFRARIRETAT LR T U
DROFYEZHRL, KIBNADOKDEE L creek £
swamp % Jt it A FAFHIG R MO o Lt A
MR ST, FRMICREHH S, sSHEI/NS
e EHEE SN A, 20064 & 2007 4F DI D 5
WIFEICHIEOR/NIEL D EEZ BN, FIENKE
VIR O swamp TOKERIKE L RY, k-
G TR g & TRo~ v 7a— Tk
P OFE NS X BWEDIE Y T —I12X > T, BE
DIHIRY RSN S KR Y, B|EPRE LR
LriEwshs.

3. {EERBRS DEx

AW NI~ >~ 71— 7K 5 i
TG DI B, 20064 3B X OF 2007 4E O ELMIIC
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Fig. 5 Temporal changes of concentration of transition elements, COD and nutrient salts during semi-diurnal

tidal period in 2006.
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Fig. 6 Temporal changes of flow rate during semi-diurnal tidal period in 2006.
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Fig. 7 Temporal changes of transport of transition elements, COD and nutrient salts during semi-diurnal
tidal period in 2006.
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Table 3 Mean concentration, net mean transport, mean elution flux of Fe, Mn, Zn and Si in 2006.

2006
Fe Mn Zn Si
1.63x10° 3.50% 10° 1.04x10° 4.14%x10%
Mean Concentration
(nmol/m?) (umol/m?)
1.96 x 10° 3.09x10° | 1.85x 108 1.08 x 10*
Net Mean Transport
(nmol/s) (umol/s)
. 3.53x 107 5.56%x 107" | 3.33 1.94 %1072
Mean Elution Flux
(nmol/m?/s) (umol/m?/s)
Mean Elution Flux
2.17x10% 1.59%10® 3.20%10°® 4.69x107
Mean Concentration
556000
Area of Swamp
(m*)

Table 4 Mean concentration, net mean transport, mean elution flux of Fe, Mn, Zn and Si in 2007.

2007
Fe Mn Zn Si
_ 1.21x10° 7.35%10* 1.74x10° 2.07x10*
Mean Concentration
(nmol/m?) (umol/m?)
1.37x10° 1.46%x10° | 1.54%10° 1.41x10*
Net Mean Transport
(nmol/s) (umol/s)
2.47x10™" 2.63x10" | 2.76x 10" 2.54 %102
Mean Elution Flux
(nmol/m?/s) (umol/m?%/s)
Mean Elution Flux
2.04x10%° 3.57x10° 1.59x 10 1.23%x10°
Mean Concentration
556000

Area of Swamp

(m%)
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