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AREEL, FHRICIE, & ~%8~10cm & 4000~6000
A/ha THD. MGAEDOFE swamp D EE IL#HY
WX ViBAK - FHE#EVIRL, creek IFBEHEIZHELT -
43U LC swamp BLEF~ELTRY, 20w o—
TAERIT B R AL TH D, £, B—
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%T%ﬁiﬁi%ﬁ%%’%‘ﬁ)yﬁbt,&%

R OE (Stn.Cl) [ZBVWTHIE - AKAL -

R EFEIL, WOEMT @f&ﬁ/ (F‘ERHE%EIJ@

STWA'S | A LZEERERE, - 11R
TLEBVTHY, ZORIEREMBRILANM - fREE
HIZ1045E Lz, 22 TCHBLNE/EREANVT,
JI KLY & DB R o wEN D BRIZ OV T
BEtd 5.

(3) Z2RTEEA
SHORBELEER L TWVWAE SEEERNT,
\ﬁ%(mm¢9ﬁn~m5)kkﬁ%(wm¢
9 H20~23 B) WRBWTEBENTZ. ALY b/A
ﬁl#oﬂ%ﬁ$ﬁ7v4ﬁ@%%ﬁ#étwr
B—4 (b) I2&-TXIIZ, 220 creek IZ¥EEnT=

£—1 HEALHBO—HE
EHhEkianl
HIEHEE B ERR4 fE %k fESH
FKAL - IR TD-Diver 2 Eijikelkamp#t
KIEFEE | COMPACT-EM 2 |7 vy EFER)
Z R FEBEl
HIEEE BIEZR4 E% RUESH
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FKAL D-Diver | 11
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B—5 RER/REOKT

swamp &I % B /3—9 5 K 5 IZ, creek16 s - swamp42
AcARRABEERE Lz, AESMOERT,

creek- 1 12 L CRERER T 5 AR HE~RALE G M
21 20~30m & L, FAUTEAI L creek- I & FAT72
FENZIE 25~70m & 95, AIEEE & LTIE, &t
BIZBWTKIER - Kfizz, BRFOM (6 #im) T
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HA) TIREFR4ERETEL LTS, OB
TAWERAIER K2R — 1177, FHEHFOR
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Water elevation(cm)
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&V, SHENICBITKMER F—TiTE
BLILTWA72®, $%BilkT 25 &L 5 IZhlx ORFZI T
BEN-EREZ2ERADETHE - BT ki
IRERZEIRVWbDOEEZLND. RIEHHM
& LT, ABEHT 10 27, TOMOBERTS &
L7z, AT, ThonBRIRD S b, KL -
IR - KIEOBEIFERERAWT, swamp NOEEH
RABREFEICOVWTHREILTEY, Ey - 8H
BEOFEEHEIZ OV TIIRIRHET 519 .

I OBRIOKSREEICKIT A E S ER - 71
AT THAEEFEEmEEERmLE LT,
swamp PN O EBRIRICERE SO T —4 %
AnTHE S ZEHL WS, BEMREESE
E LTI, KEEICRY Ak KiE~ e —
TRV TERIMIC—#k L 725, ERELT,
&S O LW HE (Stn.C1) D/KALE X
n, SHEOHERIERD TS, 28, EREO
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L9 Y creek-TFHEDOHFARLNE DL o TND
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(b) FEBEFRES (B MR 3mm KH)
swamp IR B KFEFET 2 v MR (REEGER], Stn.SS)
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(c) P&FF (B 3mm LLE)

L REBROND. ZOMEE ST —# & swamp
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IR T, BN & FEREBOBRERER L
LA, LB creek- 1T 525 swamp BEA~D
R TR OTABE L TWHDIEE LT, TiF#
RelZid creek- I IZM]2> ) LRI RA~DWNANBTERK S
hTwa., ¥, TOXD Z2BWRO S8 &
RELBRBITEFEA~DOTNANBELTND.
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. Water elevation (cm)
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B—10 WiReANL & SR RMEOEEIR (Stn.S5)

oy hEER—8 (b) , (c) TR T. BARORKRE
[ZOWTIE, &5, AR 3~50mm & 50mm
UEDBEICSEEL TR RLTNS., ZHUWbER5
L, BREEO S HERERN 3~50mm (2B DR
TR IEERBEOBRLE—BHLTVE 0D, BN
A S0mm 2B B, ER LAkl AR ok
NHRELTVBZENGND. ZOZ enb, BN
ARy FBRRONTHRERD2W (ZZTIEAN
23 50mm K BAITIE, swamp NIZEB T HIED
BATITAI A L 0 W OFEERIERN TH DO
Wkt LT, KD RMNEEE & 72 D DOIERBUE
RERA Ny b (2 Z T B A 50mm 2L L)

KIRESNTWAZ ERGND. Z0X5iL, DM
BRI 384T B I /K 28 swamp PN O FBEhFF I SE B %
RIFE R0, swamp DOEFED creek LD HFL
CREWEDTHDHLEEZLND. 2B, BRI
BT B swamp AOE S - WEREICEALTE, AW
7Y 10mm BEDOERIZBWTY, FEBEMRK L TR
o TIRIES - BBE L R IBHRIBERX G LT
5.

(2) BHOEE

WIZ, swamp NOFRENREICST T 2B D EE
BRET 57201, Stn.SS (31T BAKAL & LT e -
TS 2 OFEEKXEICET 2RIIT—F %
B— 9ZRT. 2B, —HO/NETIX swamp JEHE A
FAKLRWZYD, TOLEOMERKEIRRSN
TWARV, E72, ZOKMERAESFLEE 2 &
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¥EE LTRY, UT bR CEEREZ AV TKEE
BERRTDH. IhERDE, KIEHRREVK
EIENCIE, FORRARMERE ETEIEE - TEREE B
KELRY, NI IIFERRKES/NS R D,
EWOEEMEMMN D N D, Tz, LFEEREEST
T OERRE RMEOR/NERE LT, LT
DFWRRORKRENT EBTDD.

ZD XD W RIE L ERKEORMRE XV
MRS 5720, RN E ETHR - TO#
B AEOHENER—10 IR, 2z A
5L, LR - TIEREORERKRMEE, ik
Kz e & BITREL RDBERAMNR DAL, RN
O _EEACHE S FEEAN T B - TIEIREE B
KRBETHDLZENSDD. ZOLHZ, LEiTH
B - TR OO B B KM TR IRIE (S L TR
BLTWBIERHALNE ST,

4. DERICH T 5 TFEARBEE

(1) KEFEITOY

ZAEEBAKBRICESHNT, LERLICETS
FENOBEREBEEICOVWTRNTS. £7,
swamp PIIZ 31T B EE A 2 BAE 2 B O 2T D
7=z, FHAIIZRT AKFERET 2 v b2 E—-11
RY. T, N - RElicEohieeT
— ZIZHOWTERE L TWA. /NEI#I T, swamp JE
ENRTEAKL, 232, FEEHE T —2NmECKEL
7o Z L BSHER & N7 Stns.S1~S3, S5 M 4 HIA DI
DERFRFLTWA. ZhERbE, 7, K#l
Iz 31T B EEREIE, swamp LI TIHIE L2 E R
RKEWHOO, EAICEL T, #h, JdbE~fE
BEAFRER>TNDI ENREDD. ZDH H, swamp
BRI DFREIE, swamp BANAVMIALE S 2 creek- 1
IHLTEEICEVWERERSTWD. &b,
swamp R Cix, BHI=Y 7 ZFEHL 2 DD creek O
5%, FETEI)IERCAEDRE N creek- I DFEE
2, creek-M & D HRESEHNTNEBDELEEZ LN



— @ Neap tide
| e Spring tide

creek-11

B—11 AERET 2 > b

%. —77, swamp LANCRIT 2 EBREANIERT &
ICREL B> THD DI, creek- [ LA HDFE
MAT, #RECEREN TRV creek DTFF
FERC, creek- I DIEITHAR e EOEEEZZIT TS B
DLHRIND. RICTERIBICEET5 &, creek-
1 {23V Stn.S1 DFERMMUDHSR L D oK E N
HLOO, HARERERIZR bR,

NI ORERICER T 5 &, BRI
HEBEPLTWA 00, IO 5 OISR
FIIZIEY Stns.S2 0S5 TIXET OFRAEN A LN S.
7o, FREERCBL T, NEEO/KRIE, 3.
2BV TRR Lz X 51, KRE#OELE L TE
ERICED LTEBY, ZoEMZFERELLOR BN
72 Stns.S2 R S5 IZBWTHE 2o TV 3.

T D DFFEROFEE L~V DBBIFERIT, swamp
PR TOFEA creek L ERFRE 2D, FEREN
creek 225 DIEREL & IO T B, LD KEER
BR'D LRELBRR->TVWE., ZO¥EYI=aL
—va Vi, ERNREREZFRIITPATND
TNk, ABRERESEO X YIC, K&EETTS
ZO0 creek [IZEEEN - swamp IZXF LT, RO
REBERATAZLIEIRARS DI BDEE X LS.
iz, LEREOREBFEEZNERYELZ20
creek DR E LTIE, £, FEXEICIIER
KBDOKRKEN creek- 1 DFEERKENVHLDOD, T
@ creek D4y IV swamp LI TIXTH O
BT CHEMERTREE L o TV D.
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= Flood tide
«=e= Ebb tide

(a) KE#A

== Flood tide
«=« Ebb tide

S

creek-II

(b) /N
B—12 e - FOEEOFCEiE s —

(2) BEAY FLVOFESH

I &/ NI 31T DR SV D E S AR
ER—121RY. 2T, B—-11ic7ey b
RER % TR - TR LTI TRERH
FHLIEREZRRLTWNS. ETREEICERT
B &, EITHEETHE, swamp £IRIZIVT creek- [
MHERFEIS swamp BE (creek-T1) ~[FD> i
NER-STEY, FHEL LI swamp BENZ & K&
KBRBEERMN D B 2D, FHICH L TFTMEET
1%, swamp HLEED S creek- I ~OERFHENFD D
i3 bd, 2EMICRO~m» I iite o
TRY, ZOMEMEIE swamp LA THEZE L 2> TV 5D
NG, Ei2, ETEEEE TEEEORED
K& EZHADE, creek-TMITITV Stns.S4 < S7 T
13 B IR F BB TR L D b RE <,



— Neap tide
/| === Spring tide

—13 WWRER~NZ P OTFESA

creek- [ IZIL < ATAEF Y @ Stns.S1 < S3 TiEZF Difi
OFEMBR LN, T OMOBRIH S TR REE
LipoTN 5.

Wiz, NEENCEE L Tk, B E TR
FRM - FOE OBV, KEIH & FERICBEE LR AT
W5 FE T, K LN ORER 2~ &, Stns.S2
R S5 TREMPWE LR/ KEREBEVRR b
TEY, B—111Z7R LK & /hNEElic s T 5K
FRET 2y hOBNE—FK LTS,

Z D& ST, swamp ([T B HEEROHE L UL,
EUERE TS TRESERZ->TEY, creek
DHRBETTY | swamp IZRBWTHBEERBWHO
FEXFFRYEDS swamp DJRFEFIZEN TWD Z E3H B
MERoT. Fiz, creek- 1 I 3 T HMEDFIL
i, EFEIEEEL D L TUHERCR W TR Y HREICE
NTNBZ EDRENTE.

BIYRERICET 2 FEfFELEET 201, 2
YR o7z 0 SEH S - K - /NS B T B
WEREROFE /Y — 2R —13 177, K
DWTR S &, swamp JLAITIZEFE D creek IZFE# T
DN E2oTEBY, BT swamp PERICHURT
PEERBHRENTVBHEFRILNRZE. 2oL
EOBRERORESELTUL BRIam/sBETHY,
BRKTH 2cm/s £72o>TWD, 2D~ 7 m—7KiE
DKFERTF—NEEZD L, ZDX D /NS WEER
WX > THYEEBERFIEICT L TR EREEL S
ZBLDEEZLND. RIZ, INEEIDRE R %2 K
LHBT DL, MEOKEROEVIIHAETDHY, T
Stns.S2 XS5 CIHAEROFLMMBIHHE L 2> TWND
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ZEBGND. DXL, BWEEROFAIZE L
T, B—11, 12 LEHEIZ, creek- 1 12X HEAR S
MOH LR OT, FITHFMRS bEERKE & TE
CTWBZERRALNE ST,

(3) KiEZ FL—Y—¢ LE=TFETRAEEDOIRE
AIE X Tlo, {LEFE L TOTEAZREEEEI R
THRBREZRDBRLTELN, ThbERERREBEIN
7 B RRAGEF OBRIEICE ST A, Ll
Nh, ZOWEHOEMICIE, B—3I105-TL57%
SEEL T B~ a—THMORBIEET B0,
ZZTOBET — ¥ BRI IROEEE ZIT TV
BEREMENHDH. T T I TIE, BOFEIZLY
swamp N DOFRIFFEZ BB T 272012, 28RRI
BWCEHRISNZAKIBET —%% bL—9—L LT,
FER 2B N F — o ROWY DR - HIBEB LB
EERAR

R—14 1%, X#HD 9 A 22 H 5:30am~9:30am (&
BITHKEaZ—E, KBEE ML—P—LLTHE
DITEFRIE~S MLERT. KPS, B HEE (X
FO~®@) , WHEEE (®) , T (0~Q)
BIFAKEBESHERKRENTWS. ZZTKEZ b
L—H—& LTHRENRY ML 2EBTABICE, 2
ROV —RERWT, SERERE»D R
INDEEE e RE R BB 2 5B 28
ALTEY, 2 BROKIEz VZ—RORMERE
10 355, 728, KEEIL swamp K TOMA
PRECLIVERTEHOD'Y | T T2 Ba
DKIE= 2 —HOKEHEZEL 1055& LTNHDT,
COEBIEREICIIERTED LD LTS,
7, swamp PT35I 5 /KIR 5571 OB &1k~ 5.
LiFERE (NHPO~@) OERER DL, swamp N
EDOKIEIL creek (HEDME X Y BAEMEITE, K
B/ MEERRZE L & BB LTWD Z L2y
B, Tk, & LT swamp JERE~OH A fmEEL
12X, swamp NOWEKRBPEHHIINTWE72HTH
LEZLND'Y . WHER (RFE) ItBWTH
FREREMITIR O, 0L X0KESH/E—
BE—-7IRENTW AR S a7 — L@l L
T3, i, TR (RFE~@) T, swamp
BENE EAKIEIMENE WO HENITE DL RN DD,
LR & LN TERBIC R LT Y, swamp
WIZBIT 2 —FEDOKEREGRENELTNDZ LM
HMD. Eio, ZER U AKNG & 722 EF#REE
THREORERZLAS &, TFEROEKRAT
FARTENC EFHIRE L 0 B IE< le o TND Z & 83450
5.



Water temperature

24 7T ] 273°C

Contour interval: 0.2 °C

p

o
©9:30

B —14 swamp NOKIE T & #— L HEER~Z by (9/22 47l

wiz, KiEE bL—P—& LTHEHH IR TES
7 NVOFESHERD &, BTERTIE, s
TOEEBRICERT D & 5 RN ENTND.
T 72 H, creek- I 75 swamp BERIZFD D FraLd
A 53, B—12 TR LR o7 swamp FE1]
WAL B creek-T 2> 5 swamp RNER~D AL £ L
TW3. —F, TF#RORA 9 BFE (RFE) i
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BWTIL, creek- I LT ~DOFENBROND LD, £
NI 2RI A& ~OFRNAEE L TV D
TERGND. ZOXIBRBNUBOEEEXZITT,

TR B swamp N OKIBE—HRIEBE -
DLERIND. ThbDOER»L, B—12 TRS
NI FIERT A E & BRI —BT MBI/ Y —
U, KEE PL—P—¢ LTEBINETENY



100, Watrt;grrelcygtion at Stn.C1 (cm)

40
o B
20!
4:00

(b) TR
B—15 swamp RIZHRIT BHIW 7 o MR (9/22 /P70

MAZBWTHHERTED.
E 51T, swamp NIZRIT BBV DEA - #%1EZE)
EROMCTAED, B—14 LR 9 A 22 BEHE
hExgd LT KEBET—4% X0 E b 20 SR
oW 7o MEEE—151R7. 2 2 T, swamp
EEAFEA - THI 28, ERMTICERES AL
KIEFFOFHAMER T Az Em - B 3252
EEFIALT, SERSICET S ETEE - T
BrOKBALEELE ThThEAK - FHEZIE LT
BHL, TOBRICESHTEY 72 MRERD
TW3a., ZhxR5E&, ETHETE, #Bwrey
MEIZ2?D creek 2HEALTND HDD, swamp
AR HA S D7 v MEITHEE L, HExiICE
Al (creek-I) £V HRENWZT EMRHHD. T,
B—71RENTWAHMEE E a7 —% REH
5232 X 91T, creek- [ FHEDHIFEAELAS creek-IT &
0 LRHBINTEEL o TV B D THD. —F, T
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100 Water elevation (cm

== Stn.C1
_| === Stn.S6
— Stn.S11

6:00 8:00
21 Sep.

E—16 swamp (28T BKMEB DR

4:00 10:00 12:00

FEIRRIZEE L C b, EITHIRE & RIARIZ swamp PEARI X
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HORIZONTAL STRUCTURES ON HYDRODYNAMIC ENVIRONMENTS
IN A MANGROVE SWAMP

Yasuo NIHEI and Yasuo TSUNASHIMA

To clarify horizontal structures of hydrodynamic environments in a mangrove swamp, we have conducted field
measurements in a mangrove swamp with two surrounding creeks, which is located in Fukido River estuarine
section of the Ishigaki Island, Okinawa. The results indicate that the tidal currents in the swamp flow towards not
only the normal direction to the creek, but also the parallel direction. We have also found the tidal asymmetry of the
swamp currents that the differences of the flood and ebb water velocities appear appreciably. These patterns of the
swamp currents are governed with the water surface slope in the swamp, which is closely related with the
differences of the water elevation along the surrounding creeks.



