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(1) AHEERICESS Y IORRICRETRERR O ZEFM
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#Ib) ZHIELZFEBEERROMEN LD, ZLOREA N L AROHE Y 7OFKIE
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1. Ldic
(1) BREZ(ICL DT IHEARER L EHEY  TORIR

Yo AR RITEE - AT OREIRICEEL, BHEOR WL EE LA TEL DAL
EMT TS, VYU AERIEDLWMOEMIT, MESENLAH D LIZADINLT TH DM, WEM
MR OR29N T TSR TR OND L VWb I EEEEERAEMNER L TNWDY, ZOERE
FMEHESCBL, EMSHEER EOK AR TEHEERER THL Z LIFF 2 ETH AL, A%
HTEDOERBIEFNRITONT WD, 1992E7 T 0D Y 57 V% XA 1 THLANZ#ERY I v b
WCBWTERIREN T TR R R OO0 NEHOITEGIE (7Y = #21) | 1Zix, [Hr
SRS~ —T T, IERETHLRLEHET, REMNDLOEFENRERRTHY . EREEE
OEEREREL R T LRI, MREREL., EE8, BULAUOREREOIZD OREERE
HeEhoTnd, TO—HT, MROL DEHTIOEI RINFERD AL - HIROW G DL
BRAWMERIZLSTENINODOH D] LOXENAH LD (UNEP, 1992) . £ HKI204ED
M. A B, BR, SO ERELR &, MR CORERMBEN K 2 ITH I
o TEY, Bx NBEHEEOEABRROBRAMERREZT TR, EVWELSKOFRIBEIND
IZE->TW5H,

WREY 2 (LR, o) i, o TR OMEEE 2B T 5 REM A K(LEY T
HD, ForanEL OfET, MM EREEOME TH 54 H (zooxanthellae) & XX 2 B OHE
WMaEAESE TS, VoIt BlmEs oI THAELA ] OBBAEEL, Vo 21348 ik
MBIRIMEWEN DL 22 TWMDHZ & T, BERRESCAETHEICLE R R LY — D5k EXIF
HIZENTEEYY, MAT, WABIIEETHLIV AR HT LT v =T R EOEFER L &
ZRA LT AR Z 725 ERFFC, Y IRMERIC L0 3 2 @bk E 22O F AL
WCHIHAT 2R TE 72D, oI emmodtERRIL, BV A OB KB IREE,
FRICHHEE, HASEE, TV E=T REDERGENVRVEHETHEHRLIL, BELZEAKRE R
IRHIDIZHLTWD E Wz D (K1)-1) o 72, SN DMIRIZ N7 TV 7T K D5 fif % %
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AEMOERBICHE LS ESERBREZAHT 200 THLH DY, 2O X ICHREREICL D
boF, P IARRDE VAN SEE AR TE 201X, LABEEE DAL WO YT
Da=—TREFEFRICLDEZADRKREVENZ D,

ZOXSCEMY T, VP AEEEROREM EMRT AT DICEMERAARZHFIETH
DA, HIER - MU OBREZLIZHES A P L AL > TEFEEFRERO—BEZW-TWDE, A%
AN U 7c S bR B A B & S 4 2 HUERIR B AL OV E PRI K- T, o T LB R D1
e v AOFIKACROE FNEHI L TVDDY, Fiz, HEKERILICE - T ERZIERD
BoKDOBENMIZHEI TR T S, o TCEEEL RFTAEELH DY, HIRBBEOBRE X F L&
ELTIE, BEE»L O EERHSCRBEAN R ENFTONDY, LrL, ZRLHDOA ML A
FoT, YU aRERMICED L) REBEZ T TREBRTLIONE, ELERMABRT DL LD
MBURTH D, AFFRBECHEE T2 FEAREELBE LT, MAKRD LR L RBEHEAMRIION
TIZIZTHLIMMEERE L LD TR,

(2) BEA ML 2DEE

Yo afEE L D E L HERIBEICHE D A eMEE LT, EREAKEEORE ERICKD T4
vIaA) BRE, TOBROY U TOBEICE > T ERISNDIERROBIT (7T=2—Xv 7
R) BERSIBEINTWHEY, FlziX, KEEAICEES o 2O REBIEIC K > TE WA L%
FIZ, IR EO R WEENER L CLEORBRENAZ T OND, o, T L FEKFICH
VAR RIE O KL 72 D EAEER D O OB BLA AE DG B RIR L2 RIER L 72, STk TE
~OEEN—BHREICZR>TLEY (K()-2) , @F, FrI30LATRNICEELE THET D
BHERkOBE - HRBer Xl LEaEE2RoT0noaD, RBEAMOEWIRENH &, 3t
AL TWIEBBRERENNL VR TLEI, TOME, VALK EEHRMBEZSE L
T, M TICHDRBINT T LAOHWERNET CTRAX D7D, A (Bleach) &N 7D X
FICE-SHWAElZ L s TmREE D, ZEF, HRPO Ik CRERMEE - T
W2 %o TFH{k=Coral Bleaching] LM N TWHEHETHD, ALOEE., Vo T XLIES
SOMAEGFENFRTH LN, HhEE R TRENFES &, T xEBMOLHELNL TR
BRAEEDE HSICZ TS 2 ENTERL 2D EDICEERO R R HECEE BT LY,
MZTHeZ RIRIRE R E~D|RPLN DB E S TRAE L D, TOEFEREOUED R SN2 NG
AP UIREELTLEIDOTH S,
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Larval supply

K (1)-2 $oa0oAEBBIE) EERO T 2 — X7 b

KEL 72 > T EABGIZ OV TIE, 1980FERPOEEI N TEZHAREICLHMALD
WARKEBEDO EANRERNTH L Z ENRBEINTWEY, EEIC, KLY TALBigRiT
N=—=a OFEF OBV SN OMESINTEY, 1982-834FE D=V =—=3a Ok, 7 U 7THF
WEOEENGKRE T2 U XM T TOIRWKEE KT ToRR R o5 7% &0
WH BT, Fio, 19984 2ix, R H O FE ¥ o Tk TRBM R > T AR AR DI,
AARENTIZ, WREOAEEHLOY > IHIE T, X R A VBV 2% P0LIC60%2L B2 A1k
BRIZLoTRbhiztEbNTWDEY, ZO®%OA—A N7 U THWHERZIZEET (AIMS) 12 X
LE T, RO THED27% 19804 B D20ERMIC A{bIC X » TIRAN 2 E 2215 T
W22 EMR SN, 20124FE E T E DI 4% DR AR KD D Z EN TR ST
W, Ok, VU AERIERRE L, SR I EEET L EM T VT IO LW EFE
D& LT, RHH TOKBORE B & RBM R ABIR, Z0%O) » TEEOZRRIENH
HmEATNDY,

H L., R EEE LEKE ERAEm AR &, <O IaNECLIeEE LR, ZOF
iﬁyﬁﬁﬁwﬁﬁﬁﬁi&%Mﬁ\%Vﬁﬁﬁbk%%%ﬁif%ﬁ%@%-E%%ﬁ%ﬁm
Ko TR EHICHREL TV, 20, HrazqgetET24EME T TR, BEE - ETE -
"E - F"Eﬂi]%fﬁk LCH Yy AEFREEEZFAL WA ECTLRREBICEELZ T, B2HT
FILRDIENTBINTWD, WITLT, hordzEill LEARRRN G, KB O EECHE
M7 ENMGIEE 2B D ERNEREME LTELS LENOARBRR~OBITATHIS L TWD Y,
20064E A — A T U T OMFFEMBENE & 7~ [Reef Manager’ s Guide to Coral Bleaching]
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KO TEY, 1SN EAZ2RBICEIN TSI L E2HMELTWD, FRCAEDEEEOEHWVE
M7 7 TA%NEERDNTRRICH YD | S%REENEL W E B X B Do T o 88023 &
SAEhTn3Y,

BATORBELEIIFABEANICEZ ~TBY, ZRETNOREAMEZDA MLV RIGED L
HLOWOWTHHMICEND Z L IFEFICHTHDH, TDD, BEOREAMB - 2 REE
DY TIZBNTIE, lxOREARE, TNETNORX ML ARBEOKRREEFREFFET D2 &7
K TIERV, BICHATHEINS ALBRIC OV TIE, FIEMEW RS EED A L AER
MEGLTWVWLZE, ZNENOA ML ZAOBICHEHOT D, ERE L TCERRERFET
LD ENNERGEND D,

FfES o TR OWT Y, o TR O MR IS ROk 2 BB OE W B 21, AKEE -
BAECHEAIC LD HEOENL, HHOHMSICL > THIGRRRY, O IHTIE, —
BRI EER R 5N D L D R30CEBAZDKETH, MY OLIH TIRAMR A LRV 7 —
A7 EHWME SN TN RO 19.20 g g g LT W - AT 2 AEE LTV -
FbT 2L EEETHELTLEIMEVSEEHTOEVWLRE SN TWDY, LrLAans,
SEIERAPMLVRARELZORRZ @2 ITHBA L, #EL T Z &iX, o TR0
MOEBHIFINDEZATHD, I T, FEEA MLV REREZZITTEZ TN DT, A
MEROESWEEBNICEZ RN OHARELRRL LT, ARBE N T IARRT A R
VAIGED AT 2 FIENE LR TWDYY, 2, TRLEBOMANL, AL
DIHPEDENDFRK B H 202720 D525 D | FFRINITIT Y o TFHEEL O L, FEO A0 ITIRE
bR 529 2B ONT, EALETRICEXL TS ZERAEERDLIE LIV,

(3) XBEHAMN O

Yo THEO KRB T FITREK EAPETEK E ORA RS, AW L 2RI - HAEE (A1
MOmEAL) 7o EIC Lo TEBT 203, R THEAKOMAITIHEBROREEBEZ KX AL
T5, NA—=TIN (F7Z7UN) TEHBEHRO LB E NN X > THE R KOG YL H
IR I~ DRI ENHIN U2/ ¥ TR & LTI TR b~ 10umol L' (BL T,
uM) OREEA 4> (N0, ) T v E=TAhA A (NH,Y) . K1 pMD U A 4> (PO>) 3L
v, IEMEY L TOBEE X109 FITIR F L72®, %32 X510, KBEL Vv TORE O EE
B 72 R BIRIZ D W TUZ AN 53 i T D 05 SR AR A B O MR 229 2 LT RE W
<, AERBEITMONOELEREFT I LIZRD, 20X RERELE VD BREFZOB LD
5. YT o REREAMNORBENIAITHONTE I,

ZORER, EHEY T ERBLLIETLWARFTCTHET D &, KEHERINEOHEIMNIZ X > TH
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HEONAEREDITEHR (N) RV (P) 2L G LI WhEoMns R RES
D, TLCHMEY Y OBBEEHEC7 aa 7 o VENEM L, mEY 720 OXAGERE b #n3
HZEBEZLODEATHRETHESIN T o7z (F)-1)  BHREEEOHEINC L - T, &)
TEFRZEIZLG22FEREWVWBAICEST S (X(1)-3), & TIXEET LB RO —H%
FACHEAKTICHELTWSE Z ENMBNTWDE N BRFIT L - TE TN O HEEE FE 2 1
M5 &, WEARPA~KEHINDBREHGEMT 22, 2 O HEE O INXIEF 264 712
JTHEHFICRONZZ LG, BEEEIIELEO A RIEENICESER T EEbR S, 20
£ O AR R BB WINAT AL S 18 MO RFNEHELIX, SV 5 LBE O THEIC ISV T R
DRENRBEICE > THRESNTWVWD Z &2 RBT 5, FEEIC, HAKRT OB hE O Sy 2R
X12~100 022920 Cdy 1) IrBERG#E SN2 R oW v TN 7T 7 b L R T
BV, BhBIswENeE vy —/ XRREOR W CREHERENG&GV) BREICE L
TWAH2, RN ORERREARIC L > THELLFENIC, A NVEBEEICES 2 Fr—b
TR ZOMIEENELSMA LN TWD LS TH D, MK EREITMILA I O 5% R
FEARE K& L, BhE~0ORBEBEMEE SN DR, BhBAHoOmEIc 22 n D &
EZbND, B)-12 /A5 L. NO, E/IEINH, B pMA B2 D L, Bl (Zoo 7 ¢ 0) o
NEZIDEITHLIN, TN TORE TEREIToTZMHEHITD 72, BERRDNLIGED DR
FEIZOWTEHEERSMMLETH D, ERHBEICE T 2AERORFZRE (EEREORBERE
RTT7 FURRERRI) ICXo T, InEERTREZCREIIR 2L/ IND,
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(-1 REEAWICEAT &MY o TOAERBAH TN, CA: FEBEMEEEZY D/ no
T A, CL: BRI Y= Oy a7 b ZA BRI 72 0 OB s . GPA 1 B
REALEAE L2 O —IRAEPERE, RA - B BEALEAE S 2D OFFREE, GR : A& R B,
+ . 0 Bkl L, — A

Nutrients (LM) Responses References

CA CZ ZA GPA RA GR
NH,™ (20, 50) + 0 0 0 Stambler er al. (1994)"°
NH," (2-46) + + o+ 0 Hoegh-Guldberg and Smith (1989)>
NH," (20) + 0 o+ Muscatine et al. (1989)*"
NH," (20) + PO, (4) + 0 o+
NH," (20) + o+ o+ Muller-Parker et al. (1994)*®
NH," (20) + Steven and Broadbent (1997)*
NH," (20) + PO,*” (4) + +
NH," (20) —  Ferrier-Pagés et al. (2000)*”
NH," (20) + PO,*” (2) -
NO;~, NH," (20) + —  Marubini and Thake (1999)°”
NH," (15) + Snidvongs and Kinzie (1994)°"
NO; (15) 0 0o - 0 —  Nordemar et al. (2003)*?
NH," (10) 0  Ferrier-Pagés et al. (2000)*”
NO;™ (5-20) + + o+ 0 -  Marubini and Davies (1996)*”
NO; (5-10) - Renegar and Riegl (2005)”
NO; (5-10) + PO, (2-4) -
NO; (6) 0  Marubini and Atkinson (1999)**
NO;™ (5) 0 0 Faxneld et al. (2010)>
NO; (5) + PO, (0.3) + Tanaka et al. (2007)°®
NO;™ (5) + PO,* (0.3) 0  Holcomb ef al. (2010)°”
NO;™ (5) + PO, (0.1) + +  Chauvin ef al. (2011)*"
NO; (2) 0 0 — 0  Ferrier-Pagés et al. (2001)°®
NO; (1) 0 0 0 0 —  Marubini and Davies (1996)*”
PO (5) +  Dunn et al. (2012)*”
PO, (4) 0 0 0 Muscatine et al. (1989)*"
PO, (4) 0 + Steven and Broadbent (1997)*”
PO, (2-4) —  Renegar and Riegl (2005)°
PO (2.5) - 0 +  Godinot et al. (2011)%”
POS ™ (2) —  Kinsey and Davies (1979)*"
PO, (2) —  Ferrier-Pagés et al. (2000)*”
PO, (1.2) 0 Snidvongs and Kinzie (1994)°"
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WER) CRIFEET D, AIKALIERBANY DL E TR ETDHZD, — R, RHEEEITEEFEO
EHCEONRLEN, FrIFRICITAEZREFARCMEBOEEY NG £, RFE (C) 2 Th
<N%>Prb§7//\7””2>%>) VIEE L LTBRKICHAIAEN TV S, Allemand et al. (1998)%%
XS, pistillataD # N7 BEMEZME LR T ICARKMMEEDK TR RONTZZ &b,
ERICHAAEN LI GHEE (X oI 8) OGN AKILEZREEL TWDOTIEZRWhEE X
710 Fio, BESCHREOMBERIITLROZ LN ONSCPREDORERZLEL L, RHN

TIX Ao E R LTEEOREIL RV, 25112, BREONABRITIAIKILIZ E - TR
%E!’J CHHERBRBEEELZENMONTE VY, REEREIZZORGHIEHEERELELAT S,
TOXIIT, ke TAKA L REBEITEEN D D WVIIMENICEE LTV 2 LT HED
AT

L9704 Do MK PO REBRRE L EHEY  TOREFREOMICAOHERH B Z &
WG S, WBARKOBEBRBAENEE S TOREZMREL, b ITHEARRORREICORN T
WD EMRER S EED 725000 B CIR R B IR E O E B VER 2 22 KB D3RI IS AT
L2, EHEY L TORE ERBREOESEMN RN ERBEBRE R TICES 2057228 Stambler et
al. (199D)*IMFEIERNOBRESLMEE R T O L & TEMEY o ZPocillopora damicornisk tiE

B bR (15uM NH,) BN AKAEZRET S Z & 20D THIRIZR Lz, FHOHIXZZOH
Iz oW T, &REL ’otof%%ﬁﬁﬁin6?@3‘5«@%%%%??%2)?%&9 L., BERZFILEX—R
BT o Teied, HHWITHEREEO LA RGREN M L2 2 &1 P TR ODICH % <
HEIND LD AHIKAIZFI TR Z2DICAH Ltt&bk%zto % D1, Marubini and
Davies (1996)°”1%0.2~20uMDNO, & F CTPorites porites& Montastrea annularis# fi& L.
DT DIUMONO, I K> THH v TORKIEENRKEMKFLIEZ L Z/R L, Stambler et al.
QDM DOBFOF ZZLFF LTz, DTN RREERBEBN T2 b AKAOMEIRENSH D Z L
ERLEED, TOBRIFIEFICA T SR KRE Lo, LOLEALUEE, RFEOK L~ L
KEEAMN T TOAKADIHE Sz & v ) IR RITIHRE SN TE 57, Ferrier-Pages et
al. (2000)'1XS. pistillata {2 TIOuMONH, 2 E TIIEHEEOZLIT R 59, 20 pMT
HEREFAARLNIZZ EE2MIE L, ZiEStambler et al. (1991)°% & [ L L o & O i B
Thh ., ZTOMOEATHIIZENTHEZ L OE 10uMEL E O @ WINH, F 72 1IN0, IR E R IZB N T
HAIRAEEE O FTRBIERIN TS, LaLAans, ZEOS  IEEE clopMz B2 25 L 9 72
RERBH SN Z LT EAERL, EROMALHAERKELOX Yy 7D DLWz 5,

Chauvin et al. (2011)*"%, EFEOV o AWHRICB T HFBEOREARAZFIH L T, &
WIRE O D (NO, : 0. 6uM) IZAER T 2 & MEY > T Acropora muricatak REH Olh)\%@%b‘
FEATE (NO, : 5uM) IZAERT HEFEY v T2 L., W& OB HE L LR, BT
YTINVNDFINHEAERK  AIRAEEENRKE N L2 HE L, Sawall et al. (2011)42%5&;;—@;7%
EBEBEEAE #FH U CStylophora subseriata®D N EE # bk L7- & = A, Chauvin et al.
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QO ERABEDERZ R LTz, ZHOIE T THEOBEN R RERIEAMBREICHEIS LS
AORBELEBELZE VW) S TEERMAE WL S, £/, Atkinson et al. (1995)* %V o
FXAKEE (NTA) TREMEE SN TWDERY L TICHONT, @WVRERES (NOy : 5ul,
NH,"t 2uM, PO,*7: 0.6uM) &b 6§, BLGMO &MY o TS TR VDR IEE Z MR L
TNWHZLEHRELTWD, TOMDEITHIRE KL TH ., NO, A5uMFRE O R FBIFERE ThH T,
P TAOAREERFEICKRT LI METIZEAEA R (RQ)-1) , KBENE
e TOREARET IHEEL L X, ERLAZAGIKICICLELRAEEEEOAK, B - BHh
O MBLALAE DB AR K DL FR R AIKACMRED R, R E DT E L ITEEN T
bbb,

CIHHETYH AR ROEBRN/EE SN, BEARNLAO DL LTERELLEZEEL
k%ﬁﬁ%ﬁﬁbhf%ko%ﬁ%x:@ﬁﬁ%m&x%ﬁ@p%%&l%%%%ﬁ%ﬁék@
KR EEFIH L ERMFENMTONTCEEZR, ZOEI NP IFICLTEDEVITHLE W
KEBEBREZFREL, BENREBEREIEESIN T RVWEEDLI D250, o T
BRBEWRIZH D BB O EWEERZFF OO, REBEEDNEMEER r— Vo D5V ITHEE R 7 —
JTCHHEIZRIN E FHAEZFEVIEL TWDLEWI ESNOORERH L0, o THICEBIT DK
OWRFEFFITEFEELS . 20X RV A 7 VIIWEALFMICAAREE LEZ LN TN L1
Atkinson (2011)™ DG TIX, RO DRBHNMA LI E L TYH, —RAEER LBKOERE
TR DIEBERICT I - T, REHOKE /3 1T AT ITIMEISHR 41D &0 D B iR
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DOHITIACLE, WHEKRERHBE L, ZRHBLEEKIEZ, BAAZ U 2 —FICRFL, ERKTHE,
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MEE N DORIKIE B W TEINZHEAE L-®, T ooiB 42572, BB F28ELTHELR
=TI XTHAER, BEXTF FEHOTORT L — MIEERSE T, VIR 72 /EmRL
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0.05), 7o, FMBFAMITT X CTOMELPEGHREBEITELE L T Zoiixt L, ERETRICITAEL T
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(3) EEtE b o 2GR

AL EBROERIZOWVWTIEIARY 7HHROEREL b L ICHFEREEOFMZ1T - 72 (K(1)-12) ,
FORER, BHREIEEGE R Y FI2B W TR O pCo,23800ppmLh - T300, 400ppmiZ b ~F E 72
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BAENITETZENTRBEINT,

250 =
a
T 200 = a,b a,b
: . ]
‘%:D 150 = a a || ‘I‘ _I_
g b b
2 100 o
©
By
50 =
O L] L] | | |
300 400 800 1000

pCO; (ppm)

B (1)-12 MR ML AR a2 I R A HHIARY 7OREICKIET R, iR 75
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HTNT 7y MZOWTIE, BRD27 V7 7Ry MIABEND D Z & &2RT,
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ELTRD XD vlgeth s mmg s hlc, ORBHEBISHE > TREBEO A KED ITERLY »
ELVZLEL ISR, BREBEOMINSHENTEER L2, @QF 0K, HE4T-) DY
mu 7 4 VEBRHERL, BREONEEREE S ENT 5 2 &1 L o THEML R 22 A KA %)
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HREX EEEFME
0B H 108 B 0HH 10HE
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[Abstract]
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Although coral calcification is directly related to coral health, few studies have
examined the responses of coral calcification to environmental stresses, with the
exception of ocean acidification. In this study, we experimentally exposed aposymbiotic
(lacking symbionts) and symbiotic primary polyps of the scleractinian coral Acropora
digitifera to several seawater temperatures (27, 29, 31, and 33 °C) and salinities (26, 28,
30, 32, and 34) to investigate the effects of thermal and freshening stresses on coral
calcification from the standpoint of coral-algal symbiosis. Calcification rates were higher
for symbiotic versus aposymbiotic polyps in both sets of experiments, except for those
reared at 31 °C and 33 °C. Calcification responses of symbiotic polyps were a non-linear
function of temperature, and the threshold temperature affecting skeletal growth and
bleaching was between 29 °C and 31 °C. Calcification rates of aposymbiotic polyps were
also a non-linear function of temperature, with a maximum polyp weight at 31 °C,
suggesting that thermal stress also did some damage to the coral host itself. In contrast,
skeletal growth of both aposymbiotic and symbiotic polyps decreased linearly with
increased salinity. Observations of the microstructure of polyp samples revealed a clearly
cyclic feature of skeletal surfaces that was likely related to organo-mineral deposition of
calcium carbonate even under lowered-salinity conditions. However, neither type of
polyp reared at 33 °C evidenced this characteristic, suggesting that thermal stress had
compromised the normal calcification process, which involves secretion of an organic
matrix by the coral host. Our results suggest that the effects of future global warming will
include a reduction in coral calcification itself and the collapse of coral-algal symbiosis,
at least at the primary polyp stage. The present experiments showed that thermal stress
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would affect the host’s physiological functionality, whereas freshening stress, which is
simply the dilution of ambient seawater, would affect the mineralization process
associated with coral calcification. The experiments on nutrient enrichment showed that
the nutrient incorporation itself had a positive effect on the symbiotic coral growth but
the concomitant overgrowth of benthic microalgae (BMA) disturbed the extension of the
coral skeleton. Some symbiotic corals successfully swept away BMA even under the
nutrient enrichment but aposymbiotic corals could not remove BMA and their mortality
increased. The acquisition of zooxanthellae could be an important bifurcation for
post-settlement juvenile corals to survive in a nutrient-enriched coral reef.
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