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BEOBTEET CAMERS, TEONFTY v NI
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8212 M EAEHARESHREER

BN CEaRic L 2ERMOEE) 2Dt
@ RN Y ABBROTRIC & - T THEBE
PEETLI L
@ BERTLo LU EBTHAREMRELETS
b
2. ORI BT»ER  MBREEE L CO, ER
(®, @)

Vv TR B B —REERIE 5-20 gC/m?/BH T, #
HONFEDOEER 0.05-0.3 gC/m?/H @ 10-100 5 L
Wb, ENEEYD O—REERE, BLETboLd
EEBORE RBERMUETHZ a5, 2507k
BOWEBEEZY Y TV TERNOBHRE L OREBR
WEIWTWS, $/2REBI VYT AOREEE X 2-20
kgCaCOs/m*/ETH %, HADY > THIZB T 3
CaCO; &£ LT CO, BERiE, ANEHSHKHT 2& (200
Bh > CO/E) D 3-30% (FiR, 1990), 2% (Kinsey
and Hopley, 1991) ¢ HBEINTWwW3, DX S Y
SRR BRI RIBIC 8\ T CO, DI % EVFHI R
FELTEWT WS, %72, HIBRIEEE(LRIED MR
ELTY Y IHERERT S i, Y ITHENBRRIC
HoTEHELHL, ARCEROA A=A bHSD
BOEWSHT, SO TENRETH S,

3. BEHMEoBER (O-@-0)

Vv THRNOREBEDOHEERI & 2 ERYO LR,
Y TORBANY Y ABROER L2 TEORITH > T
EXEIL T3,

*&H CO,+H,0 — CH,0+0, (1)
HCO,~ — CO,+0OH~ 2
HQO;+OH™ — CO#+H,0 (3

Ak Ca*+C0,7 =CaCO; | ()

Thbb, (BT, KEBEICFETEKD HCO,~
25 CO, VSN pH B8EMB &, CheflbilET &
3 EARKEETT 5. ZhiFy > TEERD Vv~V TR
BaANTWBEAA=XLTHDH, FVIHEEERLR
NTHIDRADZXLBEATOE I ERRY VRS Y
LTHE « BARPREL T 3,

iz, ¥V THROBE & - TBBIEIIEL W PEE
BELNLFEE, ZHEESEALEEESD S, 25
2, Vv IEMBIIREROREOBI ko Tns, 2
(0, VYUIHIEEERRRBICHT L0 CEYH
S0MED BT HIBTH B,

EYBEOSRMER, BOEENE LYY TEEBON
RZE3BROBHE=yFOMR Lo THBETE
3.

4, weYrIREEEEIBVOL (D)

BFBOWHTY v TENEFIRIZEBEE.EE D
SEH L LT, Odum iE¥ > THESSH L 72 £ RER THA
CT8Y, ACEREELHELSELELIZVDTH
% ¥ # 27 (Odum and Odum, 1955; Odum, 1971),
LiL, B8P OonTY » THLEE LT net O loss
BHBETHHMESD S, i, BoREO2VTE, ¥
VOHTR O AR X > TRBCBEEMTORTHY,
HEOLORVPAEADBNEL TR B L bIEHENT
W3, Z3LEIS, Y UOBRINETEZLO>NT
Wiz k51T “closed” %% Tl <, “open” ZHREL
THEE OWERBRHES P LB TR S ky, B
P Y ITHERD FOEREOREREEIE, (8%
) B, VUOHIBY 2 AKROBERELL, v
BRERENA A7 47— LTEBEL T3, £z,
EEINLERZEBORERIO S b EOBENAMITY
NHL BT T 3002 ERBMLT 2 2 i, CO,
DOERPIREE LTy > THE2FET 2 Lo bEETH
3, (YEREMMETER)
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BREDHENIC Reef Rock, Sand Bottom, Inner Reef
Flat Coral, Algal Turf, Outer Reef Flat Coral @ 5 #
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DEH, QEKOBERSHUECL 2BROLEEEDE
BHE, ©28YOFETHREL ., EREOHHERE
EY Y THOEREREQEBMEIC L > TRD:, 20
R, BROY > I (RN 1.3km?) RROMEESE
(D FET 38 b /&FE, QDFETIBL PV /ELR
Bbhonsd, KBEOMEERIZZIhEN, 216, 730 b
V/ELEHEN,

%72, AROY ¥ THED flushing time {X#7 15 BERE
T, ZOMIAEDSFTALIEKRFOZEBLREON
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By TRETIE, RERICX VKD pH BB %3
DI & bz o TAKIEPEET 2 BRBBH o hfz, &
7z, B o HEWRDE - BRIV > Doy 7 - WIRIEER Y >
THETH, XK - AKEERERBWIEOHEER L

1R, BVOEERRELE - T 2 EREMESEH S
2oz,

o THAERRIEBY 2 LEHREMET 2720, K
BAERIGE b L IWCEFVEERL, BERBR2T-
Yo, ZORER, A - BBRREES TN ThERTE
T 258 RIGEH2MET 2 2 Lavmahi, —4A,
MRIGSHET 25H5 R, BREREEZEL L2
2, EHRFEERBEMOBELID bREESNDI LN
Ra&Nhz, %7, FEEOMEYMEORERCTT 25
& (EEFER) &, WThOBE& ML Twa 2 e
BB Mz o e, (BRALKF SR
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Yo OB T 2 RBIERERICET S
MRNIRRK

EREE

o T, EEETEC R 52 6N T 5 A
ENTVLBILBELL T, EEREORVWERRE LTH
5N T3 (Odum and Odum 1955; Yonge, 1963).
FOEEORTSEIVVITORERBIZLIZHDTHY,
T 7S 7 b e B EERBEEIRS0.5gCm%d!
T, NEOFIHE0.07-0.2gCm2d* &, ThIFEED
5720,

HEBIZE 2 -REERY VT LOOBBIRETDH 3
je, EEZOHEOKIBSIIEWMORETASL THEN
Tnb, E1RTREERTRTE > BEORMRZH 1

Bl FrIHWICBIT 2 EERE LP/RI

Coral reef system Production P/R Number
(gross)  (Mean) of

(gCm~2d-1) locations
Completé reef systems 2-6 1(1.0) 6
High activity areas of 8-23  0.6-2(1.1) 6

near total cover by
hard substratum

Reef-flat coral/algal 4-19
zones

Shallow lagoonal
environment (1-4m)

0.7-3(1.2) 17

3-13 0.7-1.4(1.0) 7

from Kinse;} (1985)

WEHW T X, MAEEORBABEY ORI X > TH
PPESEENTORAEERERRLTWVWS, 20X
G UIBETREEBC L2 - REENY T X o TH
RPPITHEIND R T TR, HERBT L 2 REEN.,
FUIERORELRESREZ ZLBMONTVS

(Hinde, 1988), fit> T, FHLEFI X 2 —REEHED
YRlbnT, EOXI3RAI=ALTHREENTVWS
OPEHOPIZT R LF, —REEZL _REEED
EORY VY IETOFTEMBERO A = A L% HHT 2
SZTHEELFETH .

VIR TO—REELRBET 5HRBBCOVTR,
BENOAFE B 2 FHREERE Y VOBRESMMOER
EEBRFECELOT (Entsch ef al., 1983), ZOWHE
DY Y THEERBRICBOLWT—REERPHEL T 5T
e a N Tw 5,

U USREEIREHE D A 7 = X AR % DHIBEIZ DWW T
X, EERPBEBOEOVANTRETE ML -T
Ao RENESNTWS, FIZEERKEOVTAS
L, YU HEETIEESY VITOVARANTIE, BF
BERBELTVB EWnIRHENS, L LY v THEER
FREARTIE, BEREEELHBL TR ET 3 REDS
XEHTH B,

RETI, ¥ IREBRTORER, FRICERE
FLE LEERRICET 2 20 X5 RBREENL,
SBROPEHECET 2RERTI.

(YBPEHETER)

Keywords : coral reef, limiting factor, nutlfient

Carbon-Nitrogen Balance Model for
the Development of Coral-Reef Ecosystems

Masahiko HIGASHI

Coral reefs are “oases” in nutrient-poor tropical
waters, where nutrients and biomass are concentrat-
ed. How can this biological concentration take place?
Here I present a model that explains the mechanisms
for determining (controlling) the dynamic process of

" coral-reef ecosystems development. The key idea of

the model is the notion of carbon-nitrogen balance

(C/N balance). The positive feedback by amplifying
C/N imbalance and the negative feedback due to C/
N balancing constitute a pair of counteracting two
“forces”, which appear to be the major control
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biomass in C of the coral skeleton

Cinput to the coral skeleton

positive negative
feedback feedback
(growth phase) (statis phase)

Clinput to the coral tissue

(C-converted)
Ninput to the coral tissue

biomass of coral tissue

Fig.1 Time series change of C, N input and biomass in
the coral skeleton and tissue.

Hermatypic
(Reef-building)
coral
mucus
photo- CO2
synthesis

Lcor b
¥

endozoic \_
algae

organic C
(glycerol)

inorganic N

Fig.2 A cenceptual model of coral-reef ecosystems.

mechanisms for the formation process of coral-reef
ecosystems. For these mechanisms to work, however,
two processes are found to be crucial : i) the effect of
the physical structure created by coral skeletons in
concentrating biological organisms and activities,

and ii) the network of interspecific interactions, .

including feeding and other nutrition-supplying

relationships.
several theoretical predictions (hypotheses) on the

Specifically, the model generates

factors that determine how big specific hermatypic

(reef-building) corals can grow, and the temporal

pattern of their growth.

1. The carbon-nitrogen balance idea

2. The problem : how the self-organizing of coral
-reef ecosystems proceeds

3. A conceptual model (framework) of coral-reef
ecosystems : a synthesis of empirical facts

4, The dynamic process of coral-reef ecosystems
development

5. Theoretical implications: predictions, hypothes-
es, speculations

6. Toward a new paradigm of ecosystems theory :
multi-commodity trophic dynamics

(R IEE : EBRFETHEL)
Keywords: coral reef, C/N balance, modelling, eco-

system.
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T, BRECHELRET 25H - REHEELEHRT 3
ko T &7, ZORFERBREBEER:L LOE
A3 279z, BREBROEBREENLRFEETDH
%, SEOPMERRTIE, £ 1 CHEEBRREZERRE
DEEE» ST s 1, RO TEHEMhRO—REEE
CHIEHT 5 LZbhd, MOTRAUVSRESETOE
EYATACZDOWTHEELTCELD, Zis0BEEE,
HERE- £V EERE G EVTEEE (IGBP) OREEEI
B % EBEEMEE (Coastal Ocean Fluxes and Resours-
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mental resource
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EEOBHETERL 2BHERSBTED, 2o
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BRI o Twa EEZONE, %5 LIBEOEER
BT THRETIEBROBE LB 2EEL TF
ALz,

HEOEFIRLUTO LI TH S,

1. MRAEBROBEE Lk

2. BEREBRONALZORT VY v v

3. BRERROEBEOINA
4. BEHERBRNTOXREMEOE
5. {EEERERRR OB
(RAAFHLN)
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1. =ZAE—BTE
ZOFREREEN (BREN) L RIENEA L
WOHER LIz DT, BRREHEERN & SR,
BB RIETETH S, ik 1-1.5km, K&k 10km
Eod, BRI Ikm? R Th 3, Bl BEmET,
—@EITC X BBIL SV, #oT, KEEAFERZIND
O EHEK, S TRANEHOERELLLERTS
3, COTHRRVERZOLUZHBET, 79 RENE
EFNTW3, i, 7RERTAIHBEEREL, B
TAYPRY BT o, XFCE—H/ VESE LR 5.
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5.
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ERVIHETH S, BW, WIIKE, BERK, bk,
EBRK GETA) 280 TFTBAOHRARAEQ %,
(7 BAAARED S FTROBE A BT 5 FEiES
BE S LERFAOFENSEE dS/dn 2 2 h 2 n R
T, KRB2ZeNTE3,
WINDOBEED
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WWIEWEE otz 28, BICiToRERY 77 D5
FRIC XL, BT & 2 KRBT WEY 10%em?/
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T RRERDYWATAEE S BERZ ENFESLT0S
EEz i
3. E%:EN, BPORK
INoDBER2CETHIZ, TERIBITIHER
Q:=QC+A (KdC/dn+P)
b, MEBRE K B ETROEEBY, HARR Qc
&, FAIPHEAFIDKE C 2HEL, 200 OFHHEI
WARAER Q 2R U THEL, LESDBE L HK
ETBEZBIS COSMAED SHEE L, sink-source
DIE P 2RO, BEFEOBRLCEEET - 27
=3
Py=—150 mgN/m?day
Pp=—30 mgP/m*day
kD, NEPRODWTIETEIR sink LHEES .
4., BRNOER
Bressk i, ERICBIF 5 N, ¥ R EEREOEEH
S, BN % tracer &£ L7 JERICB T WD AH L EHE
B, ER» 50 N OIEHEE L ERE BT 5 NH,-N O
EEREOFEL2RE L HEOZ20FEICLY,
70 mgN/m?day L#EE SNz, 7REETAHRDNT
1%, MSS (Multi Spector Scanner) 2 & % fiZetg
ERROBEWCLY, BERERWThIREYR (T<=
5-6 A, 74 % 8-9 B) DBEETH 1000 ton, FEED
N4 A v AEERE IR EZEOFH TR 80 mgN/m?
day LHEE SN, TS DEE, Z DO EYBEDR
FERATER L, RBBET 2 EZRERCT -7,
SO HET - 2INAT, ERROFELREL 25

BERBONIERSIEINTH 3.

ZOFE 9km?) OEBRIIZHEH»S NWHE
2. 4ton WAL, EEE LTk Lton A ICHHL, 2
Bl & 1.4ton 2B DA E 1, 3ton & D S benthic 2244
HEFPEBL T2 60ton R D OLZHELEBROF %
T 20 BESTTHEEEL LM S, BZET 0.5 ton 255
i, ftix macrophytes % macrobenthos & % \» ix 55
L LTCERsh, BIETO0.2ton, EETO0.3ton, L
X BHHT 0.4 ton BRSNS,

5. FiBERRDBEE

ZOWBMTHL PR X O, TBERRIFEYE
D sink TH Y, ZRAEP LB BEEOH EZ>T0w
%3, REMEWOFRLIR, BEOKRECERTISHEL &
ZEZEORCLERFH TR L, ORI ->Tid
Z50DT, EENIIE sink OBREER-T L LT,

¥ie, TREBRCEALLEREEWE X, SR
EYEEOPICEDL» T AZTNT, BRI AR
EVMOEEOBTERING, ZORDRBERLEY
HEDEI S 2RH L T2 FTEOD amenity BELH S
na.

BB, (TEEER EVHED BERLEE, BELE
FEBR, Thoik-> THbh 3 BERMINEEE,
RYLKBRE, Cho I TREEBRBELDA
NEOREDB LR > T3, (Fh SRR TSR

Keywords : tidal flat, material cycle, nutrient
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BESEIR (- B 2 YEREE
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BFHHRICIA ST 5 L, BREED B W ILER
2MbLYT, HRONBOFELZIT T WRERE, %
OHEORENCHEZRIF TV, Z0 &> RBEERQ)YE
WEELB W &, QHERRETHZ Z L, BPEEE
CHERELEEE TEET 3 2 L COELENTH
DYFEHENSTT 2ORHELISBEBRL w3,
D& REEESY, BREMACRCRKET 2ERE
BrAAT, BRETHIAFENEROFCELSYE
BULEEROBVWERREERLTBY, ZOMESEE
oW TE L ORRLBFE T w3,

YRR S & ORFEIEEES T L 15
B, CRETIKEEAERL, XE-7:LLTHZD%
IRV URBREEDOXEBESED & ) WHEICHEH S
NBEPEOVTDFERICEE > T3, HESRIOHN
ER, T Za—F=2T7R7 49— %7 4 =NV
LT, ZD&)BEFEEERCB 2 EUHEREL
ETRDOBROY ¥ 7 IOV TOREREToTER, 2
ITHRLOSWIARIZ, WERRLOBETUTOLI
FLHBIENTES,

1) BBEEESIHEYFCE OEREREZLED

FIR 74 YV-0OBERCBUIEEEROSH
LC/N K

Sampling site

DIN DON PON C/N

(mg atom N)  (atom/atom)
{Water column>
Bare area 1.2 57 6.0 16
Seagrass bed 2.4 70 232 —
Seagrass
leaf 141 27
sheath 57 67
flower 28 21
Suspended material 6.5 13
{Sediment>
Bare area 1.4 0.4 59 11
Seagrass bed 0.6 0.4 1900
Segrass 204 .
rhizome 70 62
root 134 64
Seagrass detritus 380 34-54
Sedimental organic 1300 9.8
material

RERER-TEY, $LBRCE3ILEoT
ERERFOA Ly 7 2BINSETRER Y, K&
FEEAKPIZZNEFEEERFELEZSTORLRERST
w3 (F1H).

(2) —7, HEEEER ML LERE B DIRL,
B2 EBFEGORKROLEETH 5 Thalsssia
hemprichii DEEFOFHFMIN1->ATHY, H
TEOEGSK My BEHEES N TR DXL
THOTEWL, XAFEL 7ML B8, BEESLE
FEYREC L > TERPRT MY ¥ AEEINRTWY
5,

(3) WEEOBMHERE, SEOFLE (X7 2a—F
=7) LREE (74 9-) TRELSELL, Zh
b BoCTELRVEEABMHELELT S, L
LIS OBYRER, WTh EERVEE -
EBABEIZID b 33 FBMCEELTL
5.
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