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Nutrients Budget and Water Circulation
at Intertidal Zone

Kengo Morimoto
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In this paper, I review studies of mass balance in intertidal zones. Four types of shore lines are
compared in regard to mass balances.

Tidal flats and sandy shores act as sinks for Total-Nitrogen absorbing about the same amounts
- some tens of grams/m?/year. They act also as sinks of Organic Carbon and Total Phosphorus but
the amounts vary widely from site to site. Generally the N:P ratio of sink amount, which is
absorbed by these areas per unit time, is smaller than usual organisms. Salt marshes, however,
export Organic Carbon, but are neutrally balanced in neutrient salts. Gravelly shores, in contrast
to sandy shores, export phosphorus.

Thus, mass balances vary widely according to the type (shapes, materials efc.) of shore line.
Mass balance should also be considered when planning the preservation of coasts or the construction
of artificial beaches. Unfortunately we have little data regarding the nutrient balances of intertidal
areas. We need additional studies, especially those that pay more attention to mass balance
variations and movement in time and space.
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Tablel Coast types

E ok %

Permiable

FEE KM

Impermiable

#Z Beach

HAMEE

T Tidal flat
Natural coast

BT Sand flat
BETE Mud flat
HEHEIR Salt marsh

Bix Gravelly beach
i Sandy beach

2l steep

# Rocky shore

FiE  even

ANL#ER
Artificial coast

AITF#H Artificial flat

AT#iE  Artificial beach

B Embankment
7 » 7Ky K Tetrapod

English terms are mainly from Ricketts ef al. (1939)®
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Fig.1 Cross sections of three types of intertidal area. Shaded area is the part of the
aquifer where sea water flows in and out with the tide.
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Fig. 2

Plan view of a salt marsh area.
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iy (Fig. 1 o B) OB TFRERRCHEK S 1
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BB, FEREINZEEICOVTHEEL & T
DA, AR BV TR A R #1%E (exchange
porosity) & L7z, Z D& IZEREBEE (effective
porosity) ([ DOBE R 7223, BXIMEEIZZ D%
A T4 — 72 RBET, EIC L D BHEK
Pk 2B2HETOT, FREHEOL I K TICH
TKED® 2356 HEN R 5, HIFKEH» 5 iy
FKHEE CREMMENICEY FigdicmLELS
BREKREDSHNTE L0, BHEERIIREKT
(pendicular zone) DEEFICHF L <, AT
KRIIBFEAE - EEAH (capillary zone) Dftih
2B L LSMHOEE RS S, Lo T, 1m

(Observation \mll
. T ——~  Ground surfarce
High water level {
" & =
Evapotranspiration( t H —
| - Ground water t:hlv
xcahangli ng
drainage 77 7 Unit| soil mass
Low water level
s porewater exchange o =
. . o p—
— (zinfiltration at flood) =
A
ta —_
Porewater that remais at ebh (Ul) - - - - z s
Porewater replaced by air at ehb (W2) - - [ E_ \ ’<\
" by Drainage by Evapotranspiration
)
— = Exchange porosity

Fig.3 Measurement of the exchange volume of underground porewater and sea water

resulting from the tide.
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D%, RBARERRIZRENS S M fE &
ZOBEENSEEL L, £/, ENERTHEHBIL LS
ETBHRRBEATV VAR L T—EDERE
DIz, 350, GRIMEELH > T OflEI
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WADOREEE RS,
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Fig.4 Vertical distribution of water content
above water table “Exchange porosity” is
defined in this paper as a ratio of total water
exclusion volume at ebbtide to the whole
volume above water table including both
pendicular and capillary zone.

MEMTOMEE 13259, ZOMICBRERKCH
IV EONSE Z Lick b (Fig.3), D% b,
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HAIZ D WD TETTERMTIC LA 72 L T L 2K %R
W3 2356 8, TTHENEEL ZER O T kK
PRRT 2560855, WRIBVLTIE, LA
LTRBKEEDDZENZVN, TEIZBWT
FHRCEAHRENL TV IKREHTHLS5DLAEL
ZRAIL THEERT 2 2 L 3R algEicir <, MRk
EROVRBENSE L, Lrl, ZhsOKEDR
REMET L 720137 <, H2 OREDORICENT
NOBWOETHESTONL TV AR TH 5.
BB, SHRIOVoMEREMET S LT, 11
FEFESE, BBAOTEN & ZICHED KEE
b L TyIiar—yaryds30b—20
B8 HEThd EBbhb, ZDEE, RFEHK
BARHAE LTHESHAKBIZOTOND Z &
BREODE—DODHLTH 5.

D& D wHEBEINZE, L ETFEOBE R,
D) BRHEERNRHD, T 2BOHS
S>TWw5,

4. HEROKNE

4.1 KIEZOERLLEE

KEITIE, HERCBT 5, BXFOKINEZD
BERL, EREREOS A 71X DB EITS.
B, AN OHA L LT m?/m/tide 2w 3
23, ZHE—D D HBRIEE SR DKL &
BILT, ¥WEKRIE 1M H7z 0 m® oKy 18
WORICHEAD LT wah, Enw) I ELE2RTHE
fNThH5.

Table 2 128 % 4 7 OAINE OBEE % Hfs L
7z, Lol, ZORZILSKREELDOT, EX

&

IR HBICITWEZEZ T2 &izn, £,
Table 3 FEIFE & DINFZOERIER2 £ &£ O
72. Table 2 OREIRINFZEIZ I NS DfEE D LI
LTwa, —F, #EE EOMKEIZ DWW TIEHE
DHHE L, BE, XEHRENT, ZOHEHE
WKAE DT Db TESNIYBENEDHIR
ENBIENEN, FITUTOL D CHEEL 7.
¥ THEREIEIC OW TR, HWENEN»SBE
L7 DfEERD T2, B 7% A, W OED 2 ~30
m, BMZE2m & wvolz b I ADMERENLRET
Ha, FlTEBCO>VTIE, —BTEBIZBITSK
ISz DEHME (15X 10° m®) % /R XK O FLRG
WORES 6km TE - T2500m? EWHEEHL
7z, Fig. 1 O FEEHE IZETE O/ME/ O FI8
DOERWTERTH 245, S EPHI kR
ZRDTH2650m* L2, FIF—BFBHTOE
BB —2d 5, W18 L b HlE RS @R O
EHFI1.5km CRIC Z & X b, EFEOHE %%
LTWaDTiEBWh EHRIXN 3,

Table 2 2R % &, ¥ETIRHRHREOMEHAD
TEAKED D BITIFI0% BH T NRET 5 DIt
L, TEBIZBWTRELT»0.03% DA —5—ThH
D, TEOHMTREDFS IWIEICLTL/
300~500F2FE T LUk, UL, FKIL(1985)%Y
Wk, —BTFETO2KHEDEGKE T VY
1400 1/m*/H, %7, BEBYE OBRXEES1E3.3
m*/m*/HE% > T3, BEFOE%Z1.5km &
LTEEH Imbl cETE, 1B¥HED
1000 m® b O¥AKZHEBL TV EHEIC RSB, &
MIZEAKREDFIFE L, ZE2H TR L DX
XrEZBL, HEEDHIZDIZLTHHEDINGEE

Table2 Water balances of four types of intertidal area (m®/m/tide)

Influent or effluent

Surface flooding

Underground/surface
Coast type seepage by tide---a or ebbing-:b ratio---a/b
Gravelly beach 2.6 25 10%
Sandy beach 1.9 20~30 )
Tidal flat 0.8 (1,000) 2,500 0.03%
( ) indicates quantity filtrated by bivalves.
Salt marsh — — 1%
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WRER LB, 122L, ZHETIRSHEDTR
BPIZE o TRELSELRDLTHS D,

EEZ 58, 5m® £ b, —75, Tabled &b,
HFRZER130.05 m*/m/tide DV VDT, th

ZZFET, BHEBREALCGERLTCE, B RedsE, W1%D4A—5—Lixh, FELW
MEEIROBEEWIC & 2/KO8) X WG EG L FEE EORIZA S,
HENZ iR 2 &9, Fig. 2 e o2 k5 cEM 4.2 XK 1B ]|
BAIRIZIFD DS S &NV — 7 o 5 ZBEAMHE e DRI, & ICHIT DREREAK LA E

ENb, 20D, BEHFEIm b DR L
WIET, TEPHE KT 2 OIERHERICE
v, L»L, RAWCZYV—27 1m bz DT
EREZO7 Y — 7 OWEB LTS 2 i
D, BKELHTREEDBBLZDHEEKD
TH%, 7V —7 D EDEIMEVEON
Wi, HAEEFEIROFEXK L D L T
D— 7 OIEIZ10m BPEHRELREL, /20 D»
OREF LY 7)) — 27 LOANELLE 1 mEE

DRPIZDNWT, KOFWNDHE DS RET,
Fig. 1(a) icifwviz & 512, EZDOWTIRHE O
ERIV R R0 2m OFZEZ D £ FHTKE
WRKELRAEE DL S, ZORARKKHE-T, F&
% o e EOWAKDHIT 2K EARICRET 5,
DAFCEAIC & 2BAKD U, HEEEE % B
2T, MBSO TFIZET/RY, E5CKRELER
fusE & e,
—H, FEIZB W T IMER OER RS 72

YEZZE, J)V—IEImblDIImM 25T
DHEKEEWS ZEWZiD, 2D b, FHEIRH
DOEEANDERERICNILT 2D, %5 ol

B, K HIZEA AR EL 2w (Fig.
1b))., 2Dz, EBEAKDOTE IO TW 2 00
T, THIROHM T KEOETES S cm D4 —%

Table3 Tidal exchange of water between sea and the intertidal underground.

Water exchange Tidal amplitude Hydraulic Exchange
(m*m~! tide ") (cm) conductivity porosity
- (Eﬂdr‘?:%l) (Faﬁ5ﬁ7k>
Ave. Spring Ave. Spring cm day ™! AR
Rhode River, MD 0.03 0.07 30 600
(Jordan and Correll, 1985'%)
Carter Creek, VA 0.014 80 100 64
(Harvey et al.,1987'®)
Green Channel, NC 0.047 26
(Yelverton and Hackney, 1986'7)
Bread and Hackney, 1986'") (0.23) 120
(Agosta, 1985')
Dill Creek, SC 0.001 2.9
(Gardner, 1976) e
Yedobasi sandy beach, JPN 3.00* 210
Nisikata sandy beach, JPN 1.95* 210 0.2
Sinkatahama gravery beach, JPN 2.58" 210 0.25
Siokawa tidal flat, JPN 0.85* 210 0.1
(5.D. P. C. B.*** 1981%)
Issiki tidal flat, JPN 1000.**
(Matsukawa et al., 1987%%)
Obitu tidal flat, JPN 0.50* 200 1,152 0.025
(Morimoto, 1990?) 0.04

*  Measured as change of porewater volume (referred as method I in text).

**  Filtration by bivalves.
*** The Fifth District Port Construction Bureau (Japan).
Other data are measured as flow out volume of ground water calculated by Darcy’s low (method II).
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&

— e RE/NE L, [RRBERICD b & T HK
EEBEAKDRZMEBIIEDOBE S LD » 2 o T/HEL
5, &5, KRN w R, EEPK
EVDOTEEBMOBZELEHATE L (FE,
1990%), %7z, WEIRRICI, HTFAKOWREIEE L
DITHRDHETEEE DA BH N T2, b o iE 5«
i &AL T & HkBZ OB TTH X IRE
LTwl, EwdEREE, 20X, FER
B TIIREIBEALERE G B4 2 H 2358 <
%5,

2z, Table3 2R/, % &, #8E ® Siokawa (¥
NFE) & #YE O Obitu UME/IRIEFE) B8 »
THBBEICRVEOL RV, —F, UWETY,
EROALEDEHER 3~ 4EORIZR > TWn
5, ZOZ LB FEOBEL bEEL, HFEKD
TR KN S E 252 5D, EEOFEK
HED I, ©LUAMKREOLARLTHS LHEMTE
5.

IDZ Eid, EEFBICS>TALE, WET
HOTEHFCBWTY, HHEREHPLCHLDHL, &
ZAEZAKIEEFVBTETHEZELSBREL
55, Lirl, 7—FIXOo0nTiE, TEIZDOW
TRWE, BE—oF oLk, LrbllEA
EHESLL TR OWHITRL 2 ABE 5 1E 5 #l
EL72b DT, BERZIRILIZZ LW, Lizdi-
T, ZOEZEHEIODIZIE, R—HETOHLR
FEHELBEY I 2 v —ya v Pz L 2HEHOK
AOBNEER S,

Wiz, EWBEROBER, 7V —2 7k
EZDOLFEOBEDORE - IR CREFBERD, —
L, A TR EPL OO MRS % D,
Carter Creek iz &1} 2 ##&pF] (Harvey et al,
19871 T, 7 ) — 7Ny 2 5 BABHT 21
KPR SEF IS m cEnUEZ ) — o5
Bt 2 &, Hemond and Fifield (1982)!? i1z52 3 1L
TWwb &5, b2 KREOmMEREO/AKIZ X
D Eo 5 RE L iKY, EREE bR TWLL
EWSE RO ESFuLE o TWw5, 2
Harvey et al., (1987)'® iz B \wTiF, 7 VU —27
VI ERBEBLTOKRORHEIZEZ 5, THEOHIE

it

il

R EEERTOREOKRE SN IV E 2 —F DK
JERATIC X DTSN T 508, ZERER0EAKM:
oo kHERNER LD b, AFRCHEIN L FE
HDEEEL EORNER D358 HEL T
W3 EWIRERNBEONRTVS,

5. MEWRX

WREE COFEF LD, BHEFICBT 2%
Im®iY O 1Y TOERY - #REHEOKRERE
% Table4 1 L ® 7z, KEEHII TR TLEED
BETHD. 12, BRIZOWTIIRFNZ Table 5 1z
FRERMOEZRLI:, IS5 DEDE 2 f#HiZKE
Xz & BaKES « T E2 S AEINETH
D, 53 HIERBERING I L A TRIE & oYE
INZTHs, 12720, Wi - BERCOWVWTE, 1
RO T A EAKBEDORAEKRT -5 2 b L1,
HEEVWHELTHLIbDOTHS, £z, —EL
RO T—RESN D, HHECE-T
DTD LS 2tHENHY, Bl CdEE%
B3, ¥7, —EBTETOHEMEUMAE, T
THER L RO ONEZTH Y, BEAPEAL
5 DWMADFE LT WYL, FDEKTIX
M mikR I c B8 4L, BRERETIE LW, L
L, HEMEBRICEB W T Great Sippewisett 75
ED L O DB IRUA X EEATTA D2 IR
LERIEENIVnEEDbDUTWS, 22T, BT
DXHFTIFINS 2 XA T, YEHI EE» S
Rl ICRBEIT 258 2 A, $EFHEFFEATY
3, %7, BRSNS TCOMEZILE W IHT
£z WL, AUEZZNZNBRE, £E LTS
ZEiZT 5. Z05H, RERMEERIEZ X 50
RYVE DHBRRENDEGR, B L UOEWKR
DT T O NER N DFEE OWiE & & &, LE
BTEZFOMIZ 5, i, BIEEC2V»TIE,
BHHER - TEE2ED, 7TXVADT—F TN
T, A1~ 2 EOHIEZFEHICE> TFIL 2
bOTH5H, HRDT —& ZEHHOERM B
57— Ths., —BTIEIZ2HEM, ZoMix
KERFO 1 BB THESNT -5 TH
5, 78, 5%, BIODORWVERED, Wit - BiE
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Table4 Mass balances of intertidal areas (C, N, P).

Total exchange
above & underground
gC: N : P/m?/year

Exchange between sea water
& underground pore water
gC : N : P/m?/year

References

Shores
Sandy shore (Nisikata)
Gravelly shore
(Sinkatahama)
Tidal flats
Sand (Issiki)
Mud (Siwokawa)
7 (Rhode River)
Salt marshes
Rhode River
high marsh
low marsh
Carter Creek
Ware Creek
Gott’s Marsh
Great Sippewisset

52.5%: 12.0

224 315 3.3
—57: —2.8: 0.6
11: 0.9:-0.6
—145: —4.0: 0.1
-115: —3.1: 0.8
=7: —=3.7:-0.3

—34:-11.0: -0.3

56.5: 56.4: 15.7
67.4: 11.6: —7.2
7.7 0.5

1.5 0.2: 0.0
c—1.1: 1.0

5th district port const. bureau, 1981
)

Sasaki, 1989%
5th district port const. bureau, 1981
Jordan et al., 1983%

Jordan et al., 1983%
Axelrad et al., 1976%%

Axelrad et al., 1976
Heinle & Flemer, 1976%

Valiela & Teal, 1979'"; Valiela ef al., 19787

Negative value indicates export from the intertidal area.

* This is a summer removal, which includes permanent removal of 24.3 gN/m?/year by denitrification and fishing.

Table 5 Nitrogen balances of intertidal areas (Org—N, NH,, NO:+NOs) (gN/m?/year).

Total exchange
above & underground
Org—N : NH, : NO.+NO;

Exchange between sea water
& underground pore water
Org—N : NH, : NO;+NO;

References

Shores
Sandy shore (Nisikata)
Gravelly shore
(Sinkatahama)
Tidal flats
Mud (Siwokawa)

44.6 :
9.4 :

12.8
0.5

1.0
:—0.9

0.24:—0.03: —0.00

5th district port const. bureauy, 1981¢
i

5th district port const. bureau, 1981%

) (Rhode River) 34.7: 1.1: 1.8 Jordan et al., 1983%
Salt marshes
Rhode River Jordan et al., 1983
high marsh —2.6:—-0.1:-0.1
low marsh 1.8: -1.3: 0.3 -0.3 :—0.9 :
Carter Creek —-4.6: 0.3: 0.3 Axelrad et al., 19762
Ware Creek —-2.3:-2.9: 2.2 N
Gott’'s Marsh —2.4:-0.4:-0.9 Heinle & Flemer, 1976%%
Great Sippewisset —7.4:-19:-1.7 Valiela & Teal, 1979V ; Valiela et al., 1978%
Colne Point =-3.1:-0.2: 3.1 Aziz & Nedfwell, 19862
Negative value indicates export from the intertidal area.
DLW TR & o&cHE, T8 - \BHERc 33,

DL TIIARBRTEIC & 2 HEATHE % b & ISR
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WEEERS LIz L s, Tabled 2 H 2 &, 212>
WTIE, 30~50gN/m?/tide DR THI D EE
LTBY, BMELTELIFIZERIVLVTHSL I L
Bbnd, Lrl, BEEIE DL T s
ERLRD/NELEoTnE, —RIZEFEIIITFR
R LRSI DR A DR U o etk LT
WEARELBEEINSL EEBbN 3, BEEEIE
WEC TR LA RIFEDYK & & O B 72 & 18
e, ZOZEMBEEL TV LHEEELDH 3,
RICEITCHRDOBRELE 2 — G OWET 7 > 7 b
>OC:N:Pm41: 7 1 1 LT3, £,
C:NHi2wTiE, BREOFRELRETED
Rhode River icowTid, X126 : 1 TF7> 7
b TORFITE WD, BHMEICZDOWTIEC N
FIRAIREWIFRLEEZRL TV, HIED L
CIEFTHOBREOMEZICERNT 28 b KE 0wk
Bbhah, EBCHEDOREIEMRD C:N i
INSOBRE I DEAIBITIE, £ D% L OTELL
ez, —%, NiPicowtid, HEOWE
BIXUOTETOMIZ 4 © 1 £/h& w53, Rhode
River TIX10: 1 &K &<, BB WTIE P2
WHEL Tw 5, FEF AR ELD -0,
HWARDGYR & Hfih 3 2 DK & WENTEFSBIES
FHPREL,VUDBEELRLT DD L,
£IAHT, EEEAEBERR (1981) IcHkR
DAL T THEES KW, @ik
FOEHEE ORI E THX I N T, EBEHN TR
LT, BEEBRCABKEEZEEL TS0 EH
HIEND  EELN T BH, JBE O Rhode River
WBOWTHBREENNEWI L ELEZADYES
&, BADHD /FEBBEBHL L Ly, £
fitiz Table 4 T, B¥ED N & P aflickt
NS DI RLEEZRL T 505, BDIERTE
WHR, BRI T OME LAY OFERSE & »
IDIFIFEAERSNT, AH =X L DOHEIHE
L, 7, COMERMIATHETHLY, &
IR AR RHNNEIC R S 5 BR OB IZ R 4
ZEEFERRTHALLARY, E25T, ANKIZ
DL TR EM O X D B EROFED
D3 BTz 03, BN, <k N & Pizon

.

Tk, MMl TWL 2bEt L BT E D &, &L
SMEETROFWENMERZRLTED, BEER
MoBERKEHERDNS,

b, BRI DWW TIZ, ClconTiE- &0
ELRAEERZRT, N, Picowntiy, N x4
B, PiERE, twd—nofEmizRon s, &
Bz &, IS 2 & /NS v ER
bivd, ZOgE, Spartina 7 & OREMELEAE L,
—REFEDOREWEMEERE, BEEZ EO#F Y% h
e L TFESWEDECD, T—F Eido &
HENhTwb EE2 5, 28, Great Sippewisset
Marsh i%, > &D L7- N OfHBRE 5> 553,
Z Z A s HEAKICEH¥ T 5 DON, DOC o
WADBR SN, ZD7oEBIcxL TafifEko
TWBDT, BIREBWTREL TWEbITTIX
2y (Valiela and Teal, 1979'Y),

iz, NDOEEKSTITOWTHRS & (Tableb),
FEIZEERD EDBREL TWIDIRL, BHED
BE NH, 3BREL TV B NO; idte L A4
LTw3, Zhid, MEER»MIwTnws %
~L, WEMTOBIEWERELZRKML Tws s
25, UL, BRTBIIBLTE, WiFhdE
BB N 2SRRI HENIZ B o K E VRERE
RY., LIeddoT, #EADE VAR, BLU
HRAE N OO IZIZEFORE N E 2 BB T,
RO X OEEBEREE b EZ 51D,

—77, HHBRICBWTIE, BEEN 4 EHE
MIZH D, 12720, BRIICI/NE S EEREN L X
ERVANEITLW, ZOE, BEYOHEEI
ABREIADOHORE L, —ERERIEZRE R
ZEMOEEDECHFEL T LBbis,
L L, BEHEE XL Twvw 3 Rhode River {00
TR TOELEREN DIx- &0 LickEs
RLTWwWAZEXD, LA, TELEEBRD
MHRPBEVWICHET 2L 228K EVWEERbR
5,

22T, KINEDOEED & 5 1 &TTHFERER I HY
EEREHFER I BT A2 MEERLR OB E B L
Tznds, WABIESNATIZIZE AR L, £z,
AKIED L SR EnofiET 22 L b Hk
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v, T, IBIBLTRE, HEREE{ELS
hTtEs7, AEFVEHRTHL., BZSHT
B EIFEbN B, T—8 0wl EHERH
D EH W, Kz, FRIZOWTIE, ¥WIIITH
EINTHTOT =7 2D T —F LHET 2
L, TR OPOMD I L 2 b D3P 7%wn,
L»rL, —BFERTO 2HEIK L 2HKEEDK
XXREZDLE, TEBIBWTREYOREEN L
KRB S I T E T OME RO FE R
WKhoTwbBbhd, 2K (1989)% 1Xf4EH
BECLAEELERNY PRABECLEHEE VS
7z, EEFBEYMOE E B TEOERERICEAR
WREWREZRLLTWS EARRTND,

BEHERCIBWTIE, =720 Ths, B
KIE I 50 & R DR A L 3 2 AEE1T
- T\ %, Rhode River @ low marsh iz 81) 21&
FREOADHETHSHH, ZhitHsLE, T
BIRTHEHICE>TWBEH00, HEHEED
THRR A —F—MC iR, BTV
NI EFHICHI-E 5T, ZhTh—EDERE
BRI LDOD, HENZREZLTWA LMD
2% (Jordan and Correll, 1985'%),

6. FrHESEOFAEICOVT

INET, AW ohOHIENIZR >
2b00, FREREEREL TRENCHRI N
52 DY R OMEINGIC OV T &
LHTHI,

N7 -0 B3R, AEcBBbIE
WERITERY OEENZ VD, KEHCELT
FHEREE IR TH B, —F, TECHDIER
FEBY) - FEEE LIZ, 135 %0 LBREDNE
MZzRL, KRFLOMRIFEERBbE, *
fo, FBEWMERERYVICTEE, ZIZHEYV
RNVOBREFIRPRAENS, 72720, Zhoid
HLET,WEHOEBEDA»SHEL 723 DT,
Bl z21E, EfDROIETEERCEFROGRYLS,
HRop=RBE Lot & BRrEbT2Z R
EhEHTEZDE, TEPESRBRICIMEC
BWEBEBHLEFLLD.

i, SHBOMEEOYWEICIHRCN T 5=
ODT Tu—FEREELIWL,

—D, EHRGEMEEZ TNET -2 2Hl»
BhbZEThsb, ZhETRILEZATHEL
RENDEE SN B2EPTETH 55, FROERE
DWEEBEORB T HPENEZ EDIE->ED LT
HEOWRE SN, SBRATHREOEEZDEEORE
EEZTCHL ETHAERL TITLEXH S &
Bbhsd, LrL, 7T—FBRYIZHADRL, Z
NoBEZEFT, —MILTELZNEI bbbk
WwEhk, C, N, POE#HOZEZET —% OFEFRIZH
HLUVLHLD S, ZOEKT, BRRIZHRL 2500
TWNETF—FIBEDHELWMoND I EBEE LW
2, ZOEE, ORL -G TCHHAEICHRTE
52597%, HBEOREFELT - O %L
K323, @C, N, POREEDOT—s%2%LDT
b, 75 OFREEEEOBRET T 5, @
ZBERLHAELR T WHIA 28T, 1ROHFET
L, FEEPELIET—I2B5X5127 5.,
EVSRARTOENERESIEE L, &L
@OV TiE, HEATOIRKIZ, TNTEHDO—
BESIcBWTHIESI N T —F TH 55, B
B B EYMEANO—KER 2 TI & BigE I &
BBER, BROBRENEICEELEZ 50 E
IMEWVIHT, BLEREGVHREL->TLSE0D
T, #ho 2K TOBERBILELEbR
%, k72, MOBHBRHOBERBCET 272 biE
EAER SNV,

Bz, M EESEMITES, LERERE & T
itz e, —2>0EEHOR TENENDORD %
XA L CNE 2ED, SHMORLTRE 25 L
iz, &KL L TWESZERINCED X D BB
Lo2ZE L Twahe5, ZOHIE, BEo
AHZALEHD ETEETH D LK, L
WERPHREDRFT L ERLERE LS LD
nsh, BRTIEREVAEGN L Rowv, 12120,
7 AY A OEEBERCBODTHIEI S W7
a0 —FBRSENDB NI TVDELEITHS
(Jordan and Correll, 1985'; Wolaver et al.,
198029 ; etc.),
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K

BT, R SEEBF BV T—RINICITD
nT&7, HE (EmERE) ihe, EPL A
VE—DRENEB HEBDH L, Z0H, 2EFR
IZDWTIRER K (1989)° 3—EFEOYIETEER
WBILTESICEAI L TWw 3, ZORERDS b,
BHEOEBRBERIZ TR TENT, RENZIESE
DRI 5T 289 %, HEEFHRCBT %
Nixon (1980)? % Valiela and Teal (1979)'" »
AL L g L ¢, Table 6 iR U7z, —BFE
DGR, Bigiz & 520 gN/m?/year DFRE & #
TIe EORELB ORI & 5 8 gN/m?/year
DK ICEHENS, 205, BITREEOEE
3% <, fhigs (14 gN/m?/year) & &R E (7 gN/
m?/year) &\ 3R B & 0 & RN
BREE-> & LMW OHEL RETn 5,

—7, BRETOB/BREICOVTRE, 28RO
WD B R TER R (4 K, 1989, Fig. 14)
DL TWwS, LrLl, ZOXE—DDINELS
ENERIREEARLTCEBD, WeE v /7ox
YIPARE=D—DDERIIBWTHRAEN®

B &

LTHIHC R >TLE>TwE 20, 8itDd
DAEZRZLDBE L, FHAEBHETDH 53,
R ORI > TOYEDE S 2RT D2
DOHBMTOSHOBEEEL %2>, Bz, #HH
LTERLEE, ZIEEENIHREE:, 7, A
DHBELL, ZhD, LWOEE ZICHRtE D
BENLDL, i, P EERIBES D
», 512, BRIZBIZEVPEHIIC L 5E
Y, XX EREWCHRMICEEE D THANT
W kM, BETHS,

BB, UED X5 CESNIRYE T — 5 % R
T25LET, YIalb—yaryeETVOFRIZER
T, LB THIOWTRLALVEZ S, %
7z, BZAEETVICHAAND OIIHHY e K
DFEEINLED, 5L WiE, REHOHAED
HUOOENIVIAF Iy 7 RETHEINST
H>,

RKEFEHBE, SETREEEYVRY 7
AL UTIHISE, BLU, £MrBALE L -H5ER
Eholeh, SHRESRCRE~NDFEL WS I L

{{{{

Table 6 Organic cabon and nutrients budget, gC, N or P/m?*/yr, at the intertidal zone classified by

causing factor.

(Nixon, 19807 ; Valiela and Teal, 197919 Sasaki, 1989%)

Nixon Valiela Sasaki
C N P N N

Exchange with outside (sum) —150 +10~+30 +1.7 +2.4 +27

Precipitation +0.3 +0.01 +0.8 L5
Land runoff ~+0.8 ~=+0.1 +12.6

Tidal exchange dissolved [ +8~+25]| [ —0.7 | -8.0 s
particulate +50 +2~+4 +2.3 —3.0

Change at intertidal zone (sum) +150 —10~—30 —1.7 —10.6 —28
Sedimentation —150 —b~—20 —1.7 —2.7
Production/N, fixation +500 +5~+25 +6.8

Decomposition/denitrification —200 —10~-—35 —14.3 —20

sum +150 —10~-—30 —10.2 —20
Feeding/excreetion of birds +0.2

Shellfish/seeweed harvest —0.2 —8
Others (eg. Volatilisation of NH3) —0.4

sum —0.4 —8

Total balance 0 0 0 —8.2 -1

Negative value indicates export from the intertidal area.
Data inside the dashed boxes were calculated to obtain each total balances of zero.
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