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TJ4—ILRD—S%EICL=-Y 2 TR

HOEH
UMK + HEBRIE 6 SRR
YU R, FOUAGER, ~ LT B, SRS, BEREE

74—V RICTHIEZ R Y, 5EHT 25 2 LITHIEFAREOEATH 5. EiGERR
AT 1960~70 FARUTNT T, BICHMEAAZ 7 4 —/L RE LT, EAlEOREH
WCTohHdarro7y N7+ — LD TREREEEZ BT bz, Bl o/
B L BH IR SEERBENEZ IS, a7 7Ty b7 4 — ORISR &
REIZOWTHI BT L, TRkt K O EE B &k UE & OBIfRICOWTim U e.
1970 AR BI1E, W o THEH O EHTEIZAIZE 7 4 —V RZ R b,
B, NIZAE0ZE, ZRME, BEE, AKE, AHEEZRE CRE W&
ReE AL E LT =V R —2 b, B EEE AW EED . F,
[ THEHTEIE, REKIRICET DARER & imd TEEERBIRZ & 0. HEREIEREY]
IZiE, I EI U ETHREMHEOARFNIFHER LTI TR E NS
TEV. ) (BEfEIE 1983) E0EZOLE, FHEEBAR I FEREEZT7 r—L REL
T, BRERSIE OREMIE & o T ORRELS - AT EOBfREBR L TE 2. &
5T, 1984 HF-~85 I ITAK S L EAIR Crefm it o T4 B < 13 KOHHITR & 21T
VY, BRERFIE O Y TREOHEFEREE & RGRFRICB 3 D A A K& < RS E .

EEIERR EAE DR SEIX, £ D% OBRERYIE DY o THEO HIFE - HERHEE - 2GR i
ZHH LT D0 (PSR EREZR &) 120D o 7o, K 2 Wi X >
DIt o Tl KOV R TRl 2 28k~ RBIRZ B L, T2 2R TED
DS, SEAEDOBE IR EIEIIA  FEREBEZOELT 4 7ICBIT A& TYH, <0
FREWAOLLICT D Z &IToen o7z, BITE, HF OIXZEHTE THFECE W ER
O ONT, < /v TF B —AHGEE AW HIERH I 21T > T DL 1B LTS
MEEEHIE X % S, kEx 2R B ORFFEE L FE CHERM 7 4 — /L RU—27 Z47\, 8L
LOFEH &I T LTV 5.

(A&t 2, B E1T > TR EERT 5 Z L1, MIEZICB T —o0
B THY, EROEETLH D, HIBHIROFEZZEL 01T 5 L THHETH Y,
HBLFHIEETOL H 5. ) (FfE 1980). I FORESICSIHIRY, 5% D7 4 —/L R
NR—=2DY o THEZE~MIT TORELFEim T 5.
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F—U— K fhJE, $2 I8, coral mass, coral head, #EfE, A&,

o ThE EOMIETREICE O CTHIIERHNC X D Wi s IR L 72 DL fihu - b
A ISP A A O S D FEa S i, B THEO MIE T — AR RIS D B
NS TE . EEERRIE A ITBIERI B4 T Z D X 9 2R D SEERE Th b %
FTEH DRI S UTH o TREHTEMRICID A TZONE D THhDH. ZOH TRIC
RO TCETWHMEN DS . HMERHMIZZRERN RSN THRNDTHS.

ZOWMIEIL, MREEREIR L, FricaErhotEse RITHER) T O— o mT 5.
EARMIRT, APCESICIEREY IR EOEMITHE LIbDTH D (X)) . FHB
DKL 2 ~ 3 mPLE T, TEBIMEEINIC ST 5. THFAMERIN SIS 5 DU,
EREY  ARHR DO TH DD, MHEARKROAIRKE IR LL T THY, Zibid
Y ORI L DBHMEO LD EFZ HDH. 708, micro atoll $ Z OFSHIE &
Al C—HCo AT 50, H—FOBA) B2 % microatoll & 13725 6D & L TXHI
SND. ZOWMHIIL, —MIZ coral head EFEIEND Z ENBHDH. LanL, Yo =Tt
O, A2 XR L, HEEZ%EE L7 Battistini,R., et al. (1975)ClZ, coral head i
BRIECIENED lagoon AT (FREEDTEM L 0 IRV ITHOMNRINTEY, 2 olEHIT
BIALIZEE L2V O & LTHED N TV D, HZR - HEE (1990) 1%, BREksls offEh
NOFERDHIZIC KT LT T AD/NERNyF ] ERBL TS, ZOXLHIZZ
DOFEHFZNZ DN T2 EFR & HFEN G 2 DTV, £ 2T, MR L, RRZ
ML OREREFT O O —HT AT 2 Uizt 2 [ 38 (coral mass) | 41T,
XBIL7-\). 72%5, Battistini,R., etal. (1975)I21%, EREECIEMEOMER CREE 72 ik iE &
LT, MERICHEART DREIRD /XK —2 (reef flat with transverse stripes) 723/~ S LTV
2. ZIUTHER O AN lagoon & 72> TE Y, ANEN D OHFKITEIA LI S5
LR D EMRNCIER T 570 L E 2 6D . BEIERER Lo+ T3 (coral
mass) OFELHNE, FBANTITFWEFDR~IROBLS S & 523, FEARITIZFRRED
FIWT U H LIRS & D WETERE I A RO 1T D HIE TH 5.

o 2B (coral mass) DEKIZIX, 20D F A TNRHDHZLNTREND. Th
L, BEERSE L bV 2R DEE XL, XA 71 B~ I E0
micro atoll 3R L, ZNNEBEOAIKAH > T, TR N D, Z
TUIBIEDOHIE & Z SRR L - BN OBREEICHHET A b D EE XD, #1472 ¢
B E O BGRRRIZ W T, HEEDRIZEOREIC, HIE-ZHR N E O F EHEFEEIC
TR L, BEICHYT 280N Sy T EE7eo-b 0. TOGEA, AIRERITE VI
BT ORNEREIZAERT 28R EORREBOEHEY o T2 s TSN D
LEZOND. ERBELEZBAEIZI2O0XZ A TNRELTEY, ¥4 720855
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5 & ZATIE, BAIROREM E~IURICR> TN D b0 EHREIND.
SENE, T —~DOE DZRR LIZIZ|mE RN, 5%, S6R057 —ZINE -
L RFPLETHD.
[51HI3CHk]
Battistini,R., et al. (1975)
Eelements de terminologie

récifale indopacifique. téthys,
vol.7, no.1, p1-111.

gk - HRRE HESC (1990)
W TREDOHIE X5y L ik
EYOMENIA. P T
HsshF3e 7 — 7w TEG D
Bk — 1 TREO BRI
4 EHBE, p39-56.

1 BRRNT Y TR
FER P A 7=t 1 3
3:BKE (BEINEBRNTHLT?)

>0 (coral mass) D
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offkH FZ !
Vhigkok - B
F—U— N BRI, HERY), 4)KE, 10DP
BIRRGRA XY o TREHIE OB, Yo THEAEY O ERE AR, A — A BAE
DAY M RBEAR Z B ET 5 L TRPELRWIHETETH S, HELRFERET
OWFFELARE, BRERFIE O S & I F 0 o IR CHIBGAE Z VTR LR (4K -
B oA - BB L OMEEZHRITE . ARETIE, ZhETofa Ll
MARAEDORR AL, EIPDRATEBUE L BEDY - THEREICEE T 24F
ZERR ROV THERR T 5.
AN RFRFE AT > 7o RES SR H O DY TR O AWl 2 & -D 72
W, REARIZKT 256G ILROTHL T RBRICENT-. AEEOIE - FHEO
e & R I W TAERHESR LB IR O & i L2 R, AR DT 4
ST ISEBHEMERIC b KN TEB Y, LAaHE~OEHAOATREMED AN > 7.
FIEe i ClE, EEAILROSA - B L, BOFMIZ XK > TR 2 EIERE ()
I WIR) & Z R L2 R, AT AT (Baculogypsina sphaerulata) 134 A 27
2 F (Calcarina gaudichaudii) 2~ TR « TTRDN K & WS O VEERIZ 20 ME [7] 23 22
Hivlz. MR T, ANARE (NAEE, ANL#E, H5) L oL~
FER, ANANZL DT E, E£7o, WIENR EAEMNREREE T, Ah (K& -
B OBENEOT LM AR L. MESESAKENT /N~ TIiE, AR
DSERFBEREZPET 2 2 & T, HEFEYOEBRRIE-CEMRFFM A HEE T 52 &
NTE, WETRE (K700~15004E41) OHEFRE TR SN TN D Z ERH HnE
Ay
AL R ORBFAAE IS < BIHA LB OSMAIETHRITEEO Y » THERFEDE TIZH
B0, HERE B OIRIC oM T 2WIE CEAalKa) 13A LR E R
EL, WM THRE L7 AIKE LB 2 b TE LD, BIAL B OS5 & Ok
I DAERI ORERC R HERNA O EICHERE L 72 & W O 8 LUWIRIRZ 2 R L7, [EIFSHE
BERMEIEAIETE (IODP) (ZBWT, TERAFLWEETH o 72 e oK B0~ & 5
KK DY o THEHEREY) = 7 2 [FHER LR R 28 21572, 5 310 k¥ & Tl
WCRAI SN 2T OFAL R AREEZ T LI2RR, 2—Ix—va VI (805
2 DHTOKIAN B EAEFDKII~OBATH) Ok EHBEOE TSI L. &6
([CEE 325 RZE 7 L— b ANY T U — 7 HMETCIE, BAOKMIRREHIC T 5 2 o2
IR KIEIR I E - C, o TR SN2 L 2B 6T L.
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HREAKEDBKY L T & FR

ollIBF Mk !, fEak 2 LB T, VAR S
VESTERSENE W) - ARRBREENITE T, 2 @RTFBER - AR, K - AT AT
F—U— N iEEAE, M, BRE, AKE

MHRIRACK BIZ BV TIE, BLpk Dt o FHRETIN 2 THEEK Y o TN S 72 &9 o T HEICH
KT D LRRBRMFEHTEDBE S, 7 4 — /b RRN—ZADHIFEON IR L o> TN D,
BEK Y o THED B 722 DM FEHIE OB 2 BT 27280, ACKEOE A FTIZB W THIE
Wrim & &b > =2 (Aeropora robusta, =Y 78— AAR Acropora, KEIK Pocillopora, Hi
W O~A 7 a7 b=k Porites X O~ A 7 a7 h—)ViK Leptoria) OFRBPNEZIT T2,

DK AR BV DZFR) IZB8WTiE, HBEIZM-> (RIE~RKIVEE T5) 2K S
A, L (R EE TR MSL+350cm)  OJEREHHIE 5500-4700 yBP  (C A IE
ff), I (MSL+100~160cm) ORI 3500-3000 yBP, K III [fi (MSL+0cm) DJE/L
BEHA1E 2700-2600 yBP, i IV [fi (MSL-60~100cm) DOZAEEFHIIL 900 yBP 7> 5 Bifl: & HEE X
T IOKREHED (AAT)IETA) (ZBWTE, By IO MPEL "> (MSL+20cm &
N MSL-50~0cm) LIS I N7, &ENLIHEIL Acropora D5 78 B REGE-BRIR Porites 73
AT DO —EOHIRMEEE FF o TEB Y, FRIE 4700-4600 yBP /< L=, Z OFRIZE
DK DO L IS T 28R TH 5. TR O O (ZIZIRIR D Porites D3R < 5y
L THEL, HF1R0F4000-3300yBP 2/~ L=, £7, ~"T /A~ iZBWnWTiE, ~(7nu7

N —/VIRD Porites 73534 L CE Y, R 1HEIZFEYST 5 4700 yBP OF R EZ R LT,

Kan et al. (1991, Geographical Review of Japan)iZ £ % &, ACKEILTEEROBEAK Y THEDFK
J& DFARITH 5000 yBP Th o7z, Frx DT —H2 bbb L, 5000-4700 yBP Z AIZAKE
DOFFICIA<S AR 1 HBEET IR N b LB 2 b5, HRERSI S O 58T i i 28 #) 51

(Yamano et al., 2019, Estuarine, Coastal and Shelf Science) ##Z[E 9 5 &, 1 L HATEHT
DWHELZEZRE L7 BELTEEZOND. AT HIZEBWTL, ~T /A< ELO
1 E A2 TR 2 o DS 4700 yBP IZTEAL S AV T M7 0 SRR 2 &I &b,
o IAREEED Acropora 7> Porites \[ZEAL LT= &5 2 7=,

M E AU IR S B> T b B2 bivd. FRERFNE, K T mEK 1 moix
4000 yBP fiitg, K I [0 & 1 f oo fiE 3000 yBP /itk, & 11 f & 4 IV O EiE 1500 yBP
Ait: & HEE S, BEK S > F ORI XD XA 25 E) 2 18 50 L 7= Pirazzoli and Delibrias
(1983, Bulletin of Department of Geography, University of Tokyo)237x L 7B & 77 J& L7320,
DA ACES & AR B MG O T i O BE7221E 330em FREEH 0, HEIN R RIS D.

Lth, AKEOMOHIROBEAK Y THER A Z D, JAOKE O FEHITE D TERE 2 8] 5 7>
WZTHTETHD.
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T-5
HEBREBREREIZNT D MIS-6~5e OFtkHAIZk/AK LF-{tAY I8

ofix A E—1, figkE F3E?
VERFBER SREBCAEEAE, P &PUR JoimBE - LA HEdE R
F—U— R oItk MEEACE, BB, K, o AT PEY T URIIENR, BERE

BNy ~ AR BN O RIS B R AR B R 2 L < U THEDS, OKE-RRDKIA A r— L D
RUEZEENZ EORRITINE L CE 7200 2 Z ORI O T — 2 BB A, Wik
Y23 100m LA EIR T L CWizi=, B ATFT7e SR CHIZERI R SN 5. IrH,
2 TR O RO R R RFN AR T —2 2 MIS-2) & —DRTDIKH
MIS-6 7> 5 Z U #i < oK Termination IT (16~ 13 H4f17) O > THEIZHOWT, &
BT/ L— b T U — T TOEBEREREISC, o THEE mOREST 5L R
ARNT T Za—F=T - b aF U THEDBZET 50T 5 (Thomas et al., 2009,
Science 72 &)

B C ORI T —T7 T, Yo THESATIRO YLK - Mg/ N2 ETT o DIz LT
BV ~ AR T ORI I 2. B TREOILFRIZIT < 28°19°N (L& T 5 &
REIITIREREREN RS oA L, R ANEAE T, MIoBEZEE (40 THEATEY
W) & PALOBRIC b, G e EREENC R, BRGNS
IEB AT S, AEE 200m OfciEr [EHZH ] B 12.5 THRT (MIS-5¢) IZTAK
SNTCEBEZLNTELR, TOBROHEMRFNTL VA 10 THERT (MIS-5¢) ELEIES
AU, MIS-6 O I{LAD0A0 « BZH LTV D Z L vt S 47 (Inagaki & Omura,
2006, HIUALMFZE). LavL, HIBOSAMRLBTFIZ OV THaICEH S Tunan,

AWFFETIE, FOHOBHBLOR—V > ZHH] (6 5 11 4L : (R4 7 27 1)
AL A D a AT NWEY T U RIIFERIZESNT, BZHEBELIZHMAT
LRI S (BJE) OBFZ R L, MIS-6 DKV o THED RS Z M4 5. Kl
RCOAMBEFEZX L, BEEOFEWY 7V RINERD G LT ORFF RSN TS
iz, MG HEZBEREERESTE O BE 60~100cm ®O 1 R Y ZAKE, BIE 30
~150 cm DY THPRE, BIE 100~200 cm DY 2 KU A& fE 5 AR E MG
I, JEJE 30~110 cm @ Cycloclypeus-Operculina AIK A3 L Um KU A HIKE, £ L
TR B R A A Tl ¥ 2 JBIE 50~320 cm DY THRPENE S . FISBR )
SBCROEREY » LA BRER SN TWD FALOY » THIKEIE, 15.5~13.0 T4
IO T Z L SRANERIZHES &, MIS-6 D ZFDOHKOFBIOKIICR bS5, ZLTET
MR EN D 2 e D, BIERE D OEIEE L, BOEMEREIZRES &0
O MR I Z OV v TRIKAEDHERE LT LEZEZ NS, LLEORERNG, &
S TIE MIS-6 OIRHE/KAER] OKED) 12, BE 1m  iEOAKE & LTSI Tk
MBS 4, £ DO%IHE < @OKH T-I1 O KEE EFIZ OV TV FIziik, gL
ZEDHBNZ ST,
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H OO EIZETAT74—ILRKID— O DECtR - B EFDEA

Yok S5t
BRERK - [ BT T
FoU— R P TE, T A RU—, AR, BRRR, PR — 2

EEEREAT, THHO TS24 5 E X HiAD T [V k] (1988)
ERESe. REEX, VI W) BRBREOREL LS L, L TEITITH
T4V RU—T DL S %, —EOBEHERHE FMHEFICH 0 5 LET
Fa HILTWD D, ZORNEITZEEL DR 2o 2 Ll STl by, o aic
BIFH7 44—V RU—7 Otk LTHREHER L TH 5.

74—V RU—T BT HOMEEL, 74—V R/ — bMOHAERRE, A, Xim,
BE, %, Bl S CHERSREEL, FEASY VIV ERE - BT S. %
B Z LI U THAT SNt 0o iE 722 E O TR L - ¢, BIRHILIEE D
TRBFER—RAE LY IWHRERICBT D7 4 —/V RU— 27 ORFZERIIE D
BTS2 ENFRETH D, FHEHI O Y L IR DL 2D O D EERE
WFIZH > TWA. LML, wmXE TR SN A E®RIL, FEEN7 —/V R TH
&L, BZ, ik LI RRIEHRO T —EH L. 74—V RU—7THDL
T2 RRERIZIE, A TFIESOHG LT 249 - ARBLGOFMEROL7: BT, HF5E
ZHED DT T2 > TOWNRY « SR EER], Y IF O Higrt 2 <0831 O B SREREE D AR 72
EIZOTHERESNTWDIHENE . ZD=w, Bl « Mk, %7 Sk
WOl 5 FINERE L TEEMRMELZ 2. LrL, ZALORBITINE
TIFEAEBAOND Z D72, @A [V Tl oL 5 ITisEs s LT
EOLNDLZLEEFmTHY, ZITHER - HERLTWHORBRTH 5.

AFERTIE, £7, 1980 FRETOARIIBITL 74—V NU—TZ2FL LY
v ARERFFRIZ DWW T, LR & 7 D JifiE% - BEREOMFIE 7 L — TE OTRENCIE R LTS
T5H. WIZ, TNODIEENZH S =% TREFSEE O 7 4 — /v RU— 7 OFLEFICTD
WT, ZORAF - EERBOBURZHET 5. &%, BRARITEKICB TS 7 14—
NV RU— 7 OFEORTEREFZ2FN L, o THEMRRICBWCHRER T 7 a—
FBERIETT 5.

INFETITHEEINTE T, 74—V RU—7 OFt8k b E O T-AFEDMEFLE THERL - IX
= SV kR & 7 THFGEERE) A UNCIRAE - R L, BARMRFERFFIZ R L T
&I, ZhvpboifgeEIckdbhd LT — 2 &8 (RDM) | - [HFSERLERE
H (RRM) | OERIZOWVWTHRERD, A—T T =4, =T oA = A &H
HELTW72DIch, HERERFIZR T b0 EBEZLNS.
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T-7
MRS o BBERREN—EREXEXNHDREDEE
P H i
JCHRERR

F—U— R Fratk R, JKE, R6OE, ik

BB EAITZEOFE [T OFTCRL WD, Yo T2 L 0
ANZHI S TWDH DL, MR THS. ETDHANICE ST, BEOHIEEZEIL TV D
ZEEIWMHADZ ETHA . —Oo—ODWMIIB LN L, aWE 5, ThalskL
T&E7-. R51E, VU THEHEOMNBE S 2 MERRFOBEM =S ANNE LD
Thbd. TOMMOMNS EfESIZIE, BHIELOND. 22 %, £3ITHITD
W2SHETH D] (5H6 1988, p. 159, BIHCH D £ 5] 1%, BR 1983 oL THS).
A TREHITEIFZEICHE D > T X 2B O 72 L, o IHECif A2 3 2 iR OB 7R
Umwelt GEEIAHEZ TW DS v THEOHF) I, B ZNZHET L2 NN LTYH,
FRVBILZ T D AN WD, EEEEE, TOX ) RitED—ANThHHoT-.

B2 HAROHPR 31T 2% o FHEHIEMFIE O R Th 2 I8E1TIEL, F< b 1970
FARZ S, GimEoT v THEMHEZ D <A RIBSFEICE LT, fRICA D A 2D
X O e AR (R 1979 ; 1980 72 &), A D, YWMOWIRICER SN T, Vo It
PEHITE D BRAR S FEOM I 2 A B CAE T Lz (EAM - &1 1991). LovL, ZOAEE
IZRBIT DM E & O T, TN E TOMBRITHET 2V v IHERIE O Bfa /338 B9
HHFFEIE, ISR & OBIFRIC F TEEAGA A TRV 72\, o IERHITE O B /0 58
RO &N D ENEEDS, BRI ISR ENC B W T ED L YT EE I N TWAEZH G
DTT AFIRIE, ERENETFOEEE LIC L AFBREEICBIT AHF2E (56 2004) 3
B TH 5.

A1, 2008 LR, AEERERFA Klo—ifEmz, Yo TR 2 iRisEE)
IZOWTHEEZZHIT TS, oL, o TSI O#T TOMEOYE (i4) <°
BRI i S -4 OFRE TH - 7228, AT OE X2 X - T, iS5
AN EMIE - JRE & OFREOD &, iR E (R ICE THEL AT T SRR E 72
ST EREEREENNAH UL B L TWDH ERBY, o aETHELZ BT 520,
MEEDOHEEZAM L TWAZ LM EDZ &) ThoT-.

AFEF T, Yo THEREFE2 Ny 7 7 F 2 RIZTDIEED, BERSKFF O
fiE X C L5 TRME LT, &6 - hlBlICB T 2B RO EO—ma2 /a1, W
v ATERHIE - EE & REEEI O AR ERICOWVWTER LD Z LT 5. RERD
5, FRBEITBWT, EOWEE La W EW e miEERR oA O ZEAR 2 B0 W
7-LET.
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T74—ILFR—ZDORPYVIAEDEFERE

offi St — =
BRERR S « BVEMT
F—U— N FrafpE, o afEREE, bu agiEs, RIAS), BokiEA

FAMIRFFEAE T o TR B 40 /1], BRI Z FIH o TEH (EAEREE & T
£) OBFAFEEEBIT TEX72. FFIZ 1998 IS CEZ ~7mmKRIc L2
DRI K BV TOREIEHIL, KEFEBEELZ O TEMEIEO XA 53
J A% MDA, R LT o TR (BUF, T8l =) | shEEsEmD
EE)ORFZERIBE 2, (AR IR & B RIRE I T 20 FIChb - D A L T
7. ARFEFETIE 1998 FEORFAIZ L D0 v IREOEIL AL L =142, KH
FEE b 20 SFIOFEZR TL O HALN E -T2, I bk coBy
2B L HAETEE RN T DR RZ — BB L, RO T 4 —L R_X—ZXDHf
TN E S TEI LD THATE D Z L OEFIZHNTH. o7 4 — L FR—ZADH
WG, M TR T oML H D 2 & &, 2016 FFITHE TEZ - 72
FEEEDEEA ML ARY o T RIE L2 BT 2028 TR 5.

FAOGE Pk “Blv o I —ShEERE" 28 TIE, BiAAT 10 FR2 B I3 5 oo Hilsk
THWERWEHEDOBRONRE = BNRAT, FREZE T LE O E 8B 2. L Lt
Tea ke LTfE R, 0o N —U BRI TE. ZoZ &, Eflo7 4 — R
— AR L > CUMEATERWIEER DV, ZHNORIZE LT D &N
WMETHH I EaBWRTHIEAY. o7 4 — /L RR—ZXDETH, MFEEH TE
b5 AREME LR VAATE EC, @Y Z S C, TN EMRRET 2 AFZE5 i A3 AR Al K
Th’ ).

FRIZHE FAFEE I & > Tk, BRI AT T Ll & 72 DSt D 2 %
922 EIXERTHAD. ZODFNIEICDTZD 7 4 —L RR—2D%E %
179 B2, BHIMICHEROH S 7 4 — /L FR—ZAXL T RR—Z2 DM LA DT
Fhi LTI 2 LB ETD.
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T-9
WHRETIVEBZRAREICK DR : KFEFEA V FEZPRIDIC

ofit (1T
HEK - BEWZERT
ST K BT TN, BRI, T U — A, Rk, E,

EGEERR A DS, [V THE] (1988) ZHIRE T D 31 Fi2/2 5. AoV
v AEASDOENENZ IS, Y TREOE ) N HIEAFEE O H 2@ L TiEHIL TV 5.
BARZ LT, 350 IR TEEZ DN G, 74—/ KT - 72528 & Rk
%, FMERA TR, o THEZRAENRHEAND E LD DN ZORE, Yo T
M aET NEDBICHLERBHLEN, TR EHK-S>TND.

ZORDNHIR A7 10 FFRTICHEE 1T, REOHEZAE T V218 L7 (Hori, 1977).
D 3FE, BT NVERBAROY  TEICESEZ Y T, ORI A R 2RO F
IAZESF - (U, 1980). mEi@eAlIAROFEIE 9 3 MERY IS 10k
WTHHBADORB LI ET VOESZRAI ST, TEIIHEML TS ES 7. —7,
Z ORMN T Y, HE IR O G AR T T VORBES E LT, i
TERERAT I O TR AN CHIAR D T 722720, HERH O HIZIE A TE T
NI EEEBEL TV, ZOROBMTEIELHB TCET VERIET S Z EOEE
a2 —BRE L TV T, BEFEIIHSIFEELZ S L CmEksE %2 ZE v i,
1980 {8 5 90 AR /T THER S HTEN &, fERHE ORIGRICEY LA TV o 72,

Wi, B IO HIEIIEIZ W T, MERHEOHIERE R CEEMIIIAA SER
TWieoro7o, Lo, EFITHERAT T A0 BRI O BEEIRE (74 U —K)
E R OHTEDS, TEHIE DR DRk 2 fE < gt 212 > TV D EHEE LT, KRFEMIT
X7 T L, RTF, =a—hL R=T, "R—=r, (RFN), 74—, hoH,
IA, Za oW, RITRZ, 42 FEMTIE, AEOR—NA—X2, r=7, A
~ b TORBE=T ABOR, b Fa~EHIRL THW, Z 2ITHIE LR R,
ENEITEIREANH 55, 2ERREBE LTI TFTO®EY THA.

WX O HFE FHR D S (EEBGRRGE S 4, & OFER & U ORI OEKERIZ H
o TREDOTER I T O MEIE AR T 2 TR % FRIE CHeE 3 2 72912,
(K20 DN B % 2 BIXENIRA TS, D ORI BT, WD
D OIERE ORKIEEH (74 Y — ) £ TORmABIIMD TEAT, FEEIZITVFEF
ERTIETTHS.
20X HIC UTHEMEHA TR IR R, SN L CoOREORBIZS 523, &KL LTIE
WERNT & 2 M AR ORS A T 2 b DO Thotn. 12—, BB RE— b 2—4& @i
OW > THEE, BOKEICA - THSHEER M TbI - & LT TR (AN Th 7228, MR
B, MERNEA TR ORMETTLONEL, [R~ORFMRELHEL 2 ENTE.
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EEBREES-BEDEK pH DT

ot fERRS!Y, B JEREA!, JdEAT E2 BB K
KB S ek MRS, Bk mE—©
VROK - KUEHF, 285K - B, SHEERRE - BT, 4HUK - PEDF, SRR - A TEmEE, SHK - B
F—U— N R, RBEEBR, Yo TN, B TER

WHEIIRFB AT T 2@ & 2 Fh, KRR EMETIEI BbRSRE (CO) DD
X570, REH e biRsE &K pH IZITMEBANAE T 5. EESEMLRE, KEHIC
PE S 72 N A RIRD COy D—EBNRFEICE AR L pH 2ME T3 DV ERR M L AT L
TW5S. i, fbaBREZ iR & 3 2 RFRGIEDPEN CO2 VBRSS9,
W DA RS IR 2 DR FBRINARLEME T L TWAD. 29 LTEWFEIZ X D RFRTEIS
REKH COLREED EH 24 L, RFENTEHEO LI ERIER L OEITIZ b 2B 4
KIFTEBZOND. LT o T, FEROWEHEERMEAL & WED KRBT EOHER 2 T
D2 LIFEHETHY, EODITITNKD pH & EAFHEE R R O RB RN IR A
WEIZ > THET D2HLERH .

ALIBRH  TEROR T FFENARLZFIH LT EO pH ZHEE T D803 A <
TN TE. FICE+~EFELU FoFmai o~ o TEOKR T RBFENILLZ
FALT, WEBRECOEITNIEI L e o7z 20 I LIEOWEE pH Z1H T kA
DI AT, —J, Y TOFEPIEE S5 A KIERHE pH IZBKOEXL Y &
<, MR E R SR OB EZ T TELT 5 2 ENIEFOMIE TH LN E 722
o7z, 29 LI OEE Y T FRE OB U RENARZ R L7-iEK pH E00
L - ErEZ LR TIEL25680H5.

ARWFFETIL, Vo TEEORD O ISEEHER O F 2 FH L CEEO pH Z24EE L
7o, MKEEE OKE 4.8 m) ORI NI BB (Acanthochaetetes wellsi,
B~ TR T LAY A N) OFRTRRMAKL) HHEE L7z pH (33K pH &I1F1E—
L, oad ik U TR OFEN TR & R S vz, BB YRR B RS O s R A Ih
- CTHIE LT R FBRNAR TR MME R 2 7R U, WEE O B VS A7 IR 58 O FINAR AR T %
FLERT D EEXOND. ZNHLDORENG, BEEWNOR U RBRMARL & RSB FAR
AR MAEDEIE, WED pH & RBIFTRELZ B EICINDIE> THETE 5 L
FESNd. F7z, RUFZETIIONLE O OHEREY = 7 2> O BE L 72 658 B

(Astrosclera willeyana, 77 3 F A ) OibAEZ 00 LSRR b GO THEET
5.
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eanase Coral Reef
P-2%*
NTAFT IBOEEY L TBHER: SiCa l L KBDF ¥ TL
—vay
oI EE L S I L2 BRR OKER 3, JE¥E & HE 4 Samuel.E.Kahng®, (LIl - 120
e - BRER, 2 B E Y TRERFZERT, 3 ALK« B, “Universitit zu Kiel, *Hawaii Pacific University,
oLk - HE
F—U—R: Y=, NI A, Sr/Callk, HEREE T

EREY  TEE P OMEITCRIEESCFRMRITAETREORE L L THWLRT
B,V UAFKEHNDZ L TCREOUHFREZEICT D2 Z ENARETH H. 72T
LY IERTOR e F U L/HVT T A (SH/Ca b)) 1FEEDORE OWKIE
SST)ERRDTZDICHNLINLTND. ZINLDIFIE L L CORBEZFHBEDRE
EBOEITITISHT 27 DITILMEILHE O AR L A RBREORBRKRICOVWTE H
(R 2N B D AR THW =Y o I T A 4T 7 ERET20194E3 A 14
HIZBI SN b D TH D, Z ORI TOKIEIZ—H/IZ 21°C~30°CTEHE L TH D,
AR CIHBGBIRIKIEZ Y > T B Sr/Ca btk & PIUE EFEEEZ L > TV D E
A7z 2 OB S ORI B B3 720 2 &0 O EIZ L - TRUZ L B FEiE
RO ELZ T SLWI ETHD. 2LV AKIEE Sr/Ca ORI X v iz H
LoD Z NI I T2 IR ALK OB RS & 72 D Al REME 2 F D T
D AMETITET HIRICA T A A LTZ3B O X BREG & e U ORI & i
DRI A B LT Z O/ 2 DI EFIMICEEICERESND 2 L2 E 2 kEH
B> TH 7% 02mm I U v 7 L BHH O Sr/Ca bt % ICP-OES TH4#Tr L
7o S I RBHR RS IR E ST — X e —"T2018 43 A 1 A ¥ v THE
H % CHIE SNz —4ER4 0 SST Z AVT,Sr/Ca LD ZEE) & bl Lz o Shi-#
PHCI% Sr/Ca LD JEHIRIZEE 28 10 [BIfESE 472 .Sr/Ca LLAEBY O 77 F 7 L ¥R X A4
ZENPNEDLEL L T, ZOHEBITEREEO®KE —BL TR, mE L T
Sr/Ca tb3 & < RS FEE 43 Tl Sr/Ca thITR < 22 o TW D T E b o . ZDEED
EEN 2 FEHEBCL VA ENLFImTH L ERET D &,Sr/Ca ko 1 AR > b
(0.2 mm)72’ 2 BHEI AN ORFRIFRIGE 2 &0 2 L 237> 72.St/Ca th DA KfE & SST @
5/ IME,Sr/Ca FhDF/IME L SST DO KM% E L E AU O, ORI O RIHE 2 — & &
RES D Z & T,Sr/Ca LLEB DR Z{E 7. 2K > TR ARFIZHEYS T %
Sr/Ca kbt & SST OFERIZ TS & T O RRWVFERZFF > Z E R LMY, &5
IZ St/Ca th & SST DR DM X 1XATMHERICL D2 b D Ef—FE L Tz, 2hb
D EDOARMFTNIANT A OV A FREF Sr/Ca DWKIEFEIEE LTAETHLH I L%
LR T O iR T O AT et E & R L7z,
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P-3
20 I ERF ORELH T 2 ABEHBIK/ N Y > TORERME

Oﬂlﬂ J%)%f 1,2,3
'JAMSTEC, *HURKZHEFICFR, 3 B R HERIT ST
F—U— N AERER, ~~Yod, B, SRR LA, Aot FFORERE

B N~ TIFACH RVE T o TR T D EE Y IR ThH D, HER -
MR OBRBE AN BN 6 D MHEN E. 2 D72, Bk~ v ToF KSRy
v AMEARER ORI CIER <, HEHE O - R & 2 D FREER H 5.
Z OFREEX, HhERan Y s IR AAECR DR EIC L o THEREHO 1 25 2 &
DI SN D, FRIERRBOTDICIE, BRERE F TR~V TOFEREICRE

W G2 DBREEREZPALNCTIMNERH L. LnLaens, k<t =3
DERER & A RBROBREE RN RLE LTS 720, Mg ORREE 42 5
IZTE T\ o T-.

LVEHEIE, AARZMAET DV IMETH D, 1970 FRUEOA = F T OKEF
A v IO P LB G OB A2 22H% I, F@ﬁﬁyﬁ%@%:&uyﬁﬁﬁﬁ%%é
iz, 7o, AWEMEREL TIE, KRBT X o THE - KJRIEHN B AL Cildk S
NTE DL, AEEEITREZENII ST 28R~ Y o TER O RICE &
B SN2 D72 ORGE RIS D 1 > Th D &2 b, FEBRIT 2000 2, A
FERE 2> 5 2B OB N~V o T O FFERE NSRS N, BRERE RN ST
(Omata eral.,2002). L7>L723 5, SRR~ Y0 T OERBERRITMHEKIE ORI R
EINTiEmlZ T iThbhT& .

= 2 CAHFGE T, s SR N~ U IO E R R R L KIS D BREE B
K& DR E R Lz, SR~V TOERRERFEEZINELSEE L, A
WAk, BoKE, ANELA=t FTFORBEREMREBICHRE L. —LREE
TV OBPUNIANA AfFREHEZ HV, H & OHEEENAE(p<0.05) Th L]
B AEETNLE LTERMALE. BRLEETF LOMBAESEOE X EOHEIZIE, BT
MRS A Z B LR ze M T L 2 Wz, Z 08 E, BB/ E DIr, 94%0D
A XEHEXMTOEEERVETH 2. ZOFRERIL, ATEREHOSRA~ Y 5
OMRERITANBICRESEELZT CERLI LE2RRT 5. [, kA~
A1 2000 EETICEZ o7 FEAKIBEA FLARF = M FREFRAITHT L TEVVE
fEENH D Z L BRIET D,
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P-4
BEHEN\I YU OIZEEINT-1997/98 FRIEA RN b ;
SUOLBBEEOHRERIZCBFTALO—LY T R

oMl EFET, ¥ W2, P& EMEZ Lk ZF3, RER—AY
Chiang Hong Wei®, Chuan-Chou Shen’
HIEK - mAEE, 2dbk - B, SJuk - B, YEIREF, SNTU
XF—U— R x)=—=3, REFRNKL, LIO—ATT7 N, Fin, Ak

1997/1998 It & 7=l =—= g [ X VR F DL OV v IR K& epiEE2 2T
Ffb L7z, BEBICAERT S0 0 2% 1997/1998 T)b=—= g DL Z 1T —EIXIEH
L—¥BldE &3> 7= (Goreau et al. 2000) . EEARE OFEH 35km O K EFE EIT)LE T
% ikl TEREL L 7= Porites D'BA&H D Sr/Ca 1T 1998 FEE (K E R~ BH Y, &
& §13C & Mg/Ca HlZid 1997/1998 /L =—= g % IZ K& RV N A SN 53,
B SBOIZILS/Ca kb8 BC R ED L 5 2 BF XA S 72 h o> 7= Wang er al. (2018)
IZEDLZDEIRBCHOLY -7 FOFERE LT, lEEREDOE(L, ¥ 2T
AT LMD 2 A T O, T LTy THROMEEREE ORI N E 2 5
5. KIFFEOEE 1997/1998 T/ =—= 3 DFIEZICBWCREREIZED SR, &
51T Porites T OURMELEED X A 71X C15 ODH—TH 5 & D’Angelo HAVEHE L T
% (2015). TNHDZ ENDLARMFE TR LN DT TFRF SBCOLI—LT T |k
131997/1998 =)L =—= g |IZ X D EKIEDOT-OIZHATBEENRKRE B Lz &
EZONARBER THEmT D.

LI I B

“\JAAA A AM\A
awTs

NINO3.4
D W Ok R

- : (b) AVe.‘- 2.96%0

N
o
T

Mg/Ca(mmol/mol)
o
o

>
o

1985 1990 1995 2000 2005 2010
year

B ()T /b=—== fENINO34 (b)Y > T B Hrh DR R §1°C
()Y A ERET D Mg/Ca bt DIFRA
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Corals reveal interhemispheric ITCZ migration in western Pacific over the
last 7000 years

Kevin L. Garaso!*?°, Tsuyoshi Watanabe®*, Atsuko Yamazaki®*

! Graduate School of Science, Hokkaido University, 2 Faculty of Science, Hokkaido University, * Faculty of
Science, Kyushu University,  Kikai Institute for Coral Reef Sciences, Kikai Town, Kagoshima, > Mines and
Geosciences Bureau, Department of Environment and Natural Resources
Keywords: corals, Sr/Ca, oxygen isotope, ITCZ, monsoon
The intertropical convergence zone (ITCZ), driven by cross-equatorial temperature gradient,
affects monsoon rainfall variability. Two contrasting mechanisms: 1) north-south migration and
2) expansion-contraction, result in a continuous debate on the ITCZ dynamics in the Holocene.
Here we present coral-based interhemispheric sea surface temperature (SST) anomalies from
northwestern Pacific and southwestern Indo-Pacific to show ITCZ migration over the last 7000
years. Coral Sr/Ca records show that the divergent interhemispheric SST trends indicate a
northern position of ITCZ from ~5000 to 7000 years ago, then migrated southward towards
~3000 years ago. The northern position of ITCZ and enhanced East Asian summer monsoon
(EASM) led to the advance of rainfall to mid-latitude, thus depriving rainfall in the Indo-Pacific.
The southward ITCZ migration and weakened EASM resulted in the aridification of the
northwestern Pacific. Monthly 8'3Oscawater shows that ITCZ position influences the onset and
duration of boreal summer rainfall. Our findings suggest that +1-2°C changes in seasonal SST
gradient (ASSTsummer-winter) triggered drastic changes in northwestern Pacific hydroclimate from

the last 7000 years.
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a. Xray photographs of corals (modern and fossils) from Kikai Island
b. Schematic diagram of rainfall distribution in Western Pacific during mid-Holocene indicating a northern
position of ITCZ due to warmer Northern hemisphere and enhanced EASM

c¢. ITCZ migrated southward due to cooler northern hemisphere and weakened EASM resulted in arid
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P-6
T4 ) EVEILLRYVIICREHZIN-BHFHEEHROIII=—a3amA
IR &)
oMl H/rl, EE W24, (LR B34 N KES
VAbHEIE K - B4, 2Ab¥EE R - BEER, S TULNK - BREE, 4 EREY L THERIENIZERT, O E LR R YA
XF—U— R Yo I, i, ENSO, XRD, SEM

T =—=za B (ENSO) &IIKRKTIEA v R T & AR T
WHOKJENR S — Y =D XA HFOK[EREELY mnE, 9 MRS 7 HoH
ML 52 & Th D, WHFE CTIEARE R EEDOH AR A LS T 5 2 & Th
% FEHTHARIE I O KEITHER IR < KBt R R, KREOHBEN A E, kK
FIRENBEOHERREE IZITWVWE SN TWD. F72, RO FEHRIRITS A LD 2
—B3CENENI ZELREIN TS, 2O L& X0 EEFT R O K5 T BRI
BEAL N A TR D -IERER B ICL CVND Z 3B 2 b D, Lo o THRESTHHEE Y
DT)N=—=amMHFEMEZEITT D RO RBEELE %2 THIT 2 Z Ligo7n
5. ARBHETIET 4 U B D Z v Z a s BEE U R o ¥ o S ka2 v
THtr&EdTH. Y237 7374 FOBREIEKRT 20K a3 T % & rHA b
ICZELLTCLED. ZOTDEORET 7374 bAoA MIELTLES
TWDDOIERZ R LENSH S, XFRIETE (X-ray Diffractometer : XRD) & Y
A TE 7P SE (Scanning Electron Microscope : SEM) % FV N T il /B 2 FHHI L 7-.
XRD (F—EWED X a2 ofralbHI R L, FEHFZ—r oA hOGA &
ZHIE L7, SEM IZEFHMEDOTENOHBIEHOAELZHER L. £ LTkt
FEBZH)SZ 1 TV WERTS, ZE RNV E &0 (MAT253) CRERRFIM IR %
HES L. Yo TEREOBRFERNARLIIHNT H L 72RO /KR & gk O ERSE R I
9 5. =b=—= 2 BIRRFOWEAKIR & K EO R ITY o A FH OMBRFNARDZE
fthmeE =BT 57D NV=—=gBIR 2L HX D2 LNTE L. AT RO
B ICB T DoV =—=a BIR %2 THIT 7o OICEER MR A 5 2 5 T iR
Moz =—=a @ HiR§EZE T2 2 HNET 5.
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BRIZKDF I A A U FXOERRE & REBORIRERE

o BEA !, 18H &4y 2, JLlkF 3!
VRBRHTR « BeER, 2 SEEREE K
F—TU— R X7 AL TF RF, WGHAREASE, #hA, 85, euendoliths

RS2 BEOBRERT DR IOX 7 A A 2F R (Oulastrea crispata) 13
BHCIXIEERME DB T D L O & A R — L7 E OB AR L, Aty
TE LU TIHRALRE THM LTV D, EREOHRRROA, & L < IXHREE D A% H
WFFRIF TN TE -, LovL, ORI & W0kEk & OB 72 BRSO O N
TOH|BRBD A7 LT L Do TWieho Tz, AEIFEERE OIL, L & O
% RIRFICBIER CX D3 Ef (A - JBEH 2013) B X O OBk (B - T 2018
HAEYFSHEEEE) VT, 7 A4 T K20 & @Ok 2 [ — o iz
L7c. ZOHEWNTIE, AYOWHBICEEZRE SIS CEbSEe0b, HEFOH
RN Z O TEREIZBE VRS T, BIKZ1T 5 2 & 72 < A O/ & Woki ik o [FRE
BIRAEEEICT D, ZOBITIER L7Z#E D — S
FERPESE - BOLBAMEBIEIE2 I OV SEM Bl %
1T-o7-.

RNY THENZ AT g R, WY FHED
% ORI AEY) 2 IR BE & B D FHTe L 5 IR

BELTWD., B2 SRR O T

X, XORREN 6 » T CHRRICBIZE T, N
%%ﬁ@ﬁ@iim%iﬁﬁﬁﬁbfmé.i
72, MR DECH N2 — G | flfHE T o D e KFRTEE B AR (RAED )
OHEMNL T MREREZRETHZENTES. F
t,%&x%v%Fﬁwﬁﬁ%@m,:mifm%mmmmm(%ﬁ%@%ﬁ%:ﬁ
LT 227 307 ) 70w, iR EEETRRNEY) 12X D RIUEA R S
TUN-. Kﬁ%@%ﬁ&ﬁf%ﬁﬁb\é Z & T, BREZ 1T TidZe < euendoliths O)i)h\n’?ﬂrf\ﬁii
BIERICHEIENRE L, TOREBEBIETHZ LN TE %, euendoliths D7 4 7 A
K23, 27 A4 UF RFX OB 2T T, Yo Toff#Ez b EWTEALLT
WAL H D, TNLOEFBEIZE > THLMNIR>T-HHIL, 5%F 7 AL
UE RRONTHECHRERXOIHICHEDTH 5.

< 5| F 3Lk >

Ji - EW, 2013, BT & AFEEIC X 2B RS 2R ERLE  — BRELAR & WO o R REEL
R—. WS REEEX 7, Noss, 24-34
H - TTIRE, 2018, R R 1ERIC I 1 DK FiED bk, HAEMSFSFSHTE TRE PSS
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NMEREEEEIZB T A a oA I0VERERUVBETBEFE

Ofly B 1, Bl IS, PRE FET- 12
VHOEK - BE - VPR, 2R - MR, G RWIEMRTIERT
F—U— o MEmREER, a2 v hY oS, U, P

AEeMEA B A (LUF, ¥ 2 2) O Y B OB TERSCTE B IC B3 2281,
AV R= KA —A N7 U 7 O - BEIBICAER T 2% L LTTh
NTE7e., MEMEEZAWZHEESERETE, oM ESX, E&ELE
Y AEEROEREZRE LEREINTE. LoL, EEPHOEK CIIE- O
TIHEDEWIIH LN > TELT, B LYY IOREFF L~ E 5T
W5, FIT, AEFETIE, P IFOERME U CEREISALE 3 2 U E FE G R
BWT, ERMAFETHLINNTY I AV RO a i Ta2md8 e L, 5
MOBEHEOERE VRERREEZALNITHZE2HME L. AT, BEICESE
L=y TRHR & Sk REBE O ERHA L OO i 21T > 7.

BRI A BTV DI FIN DR L= a U Y v A4 5 BEAERAE L, FRiliga %
PR LT IR AKOKAE T, SRR E CRE L. Bl LS LR KE vy — L
(ZAZL, KR 26°C, LED A4 FE@RE LAV FaX—X—NTHE L. hED
TEAE MRS, 12, 24, 48, 72, 96 I DR Y 7 L #AER & R - B ks O B E iR
ZiTo7. F12, 96 REHLIE LEE AfelS, REEEABIEL, N) T FKOER
REEITo T2, R LIEIL, 88, o @ik L, o IEREToRE & H
BOFZITo 7=, £, DIAEMEEE (LUF, B8 2604, 5 AN 9 HDORIZ
PEYATD ISR E L7z, A%, Foik BICR oD v SEIRO B 2 R L, 5F,
Yo AfEREORR EERER ST,

FBEERTIL7TA N ENLSHTHECYa vy IaoghARHRn R s,
TEA 12 K Tl = REBEEE TORRBMN L B, 24 FERIZIZIEMREEED —HI SRR L,
FEDONANCE 7 BT IR S s 1=, 48 BT 7 b T BN K& 28R ik
(2720, 72 BRI L 7 T D DBENA B, 96 BRiE# 14
fE LT RBENTE R S . ARETIE, FMERRTHONMERE L SRICES LY
Y AFEOMITEED B & L b, WEEEWERO > 3 U T o I8 B T 5 FEEK
DICREHIE I DWW T EET 5.
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BARREDBEIZH (T3 Plesiastrea BDREREARICK 2 BHREREILE
Bk SF RO 451

o/ HRERY, PEE W Ce, AR WO, vhay BHEE Y, (LR o
ek - B, CERE Y TIERETERT,  CHUOR - AEanEREE, UK - B
F—U— N @Y =, REBERMRL, BRRFENARL, pRdE, IR

HARDGEREY > 204 BikiL, T4 OMERIERILICHE S KR EAHIC XY, mkE
WACIER LT D, Lav L, Bl L 0 g kIENME <, BEEN DR, RBIERE
DS & D EFERE OIRHIR O BRI S EREY > 20N E 0 X 9 SIS D N E R
DN > T, &Y TOFKITE RS OBREEHRZ1E T 5 72 DIH
AINTE 7= KFZEClE, BARIBEIZOAMT D Plesiastrea J& DB FEIEAGIHE & F#%
g « RFELERMARL (8180, 813C) D AFRLIC L 5 HER L FH A B & 7>
2T D72, BB o THEVE 2> B IR 24°N~34°N D 9 Hi 51 C Plesiastrea
versipora % BEE U, X ARBHEFEAT & B DR - IRBLTERNARLL AT 21T - 7.

o AEED S0 X TN ERIEFEFOMEKIR (SST) & EAKDHE IR (SSS) 12
Lo TEML,88C 1IXBREENF (HH&,DIC, HA72 &) LAFHMKY CLank, FER,
PEOR, SRBEERE/R L) ICL > TEILT D, o TEHD §%0 O FEHMEITEHEEITE KR
&<, FHE D SST ILmEAEEIZ UKL, FHABIILICEREZIZEHRLTND 2 b
25,880 1L SST OEE Z X ViR KBk§ 2 Z & brote. o TFHRD §13C D F
PMEIT @R EIE E/ NS WHIEC S D03, KHLE O B EIXIFIFHEAR N 202 &
5, EREES IO SBCITIHF RO ERORNEBELZ T -2 L 2R T 5. £
7o, ERREEY  TOREHREITREEY L TOLD X0 /SN ERDbho T A
ZEOFERIN D, BB OB Y I DOHER(L RSB~ 2 5 %
B BRSO R IR O e LWV BRIRIC R T D&Y o T Ol S O fEBIC B kT 5
ZEDNHIREEIND.
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BAREFEOY > IDEREEES

ofRIL MR !, BRI rEAk 2
VEIRER -+ B - HETE, 2R RESERT
F—U— 08, BiE, JPRE, IR, o1 RHt

BENEA Y a8E (LR, o) MERT 2 BAROERSHE (- BUdb~T2E
fEILERD) 121X, K100 S O IRHE I TWDH N, FOH TRk RA &
EZONTWDHETDOT N I~S M THDLEINTVWD., ZhuL, BEfRTH D BN
MHRBLARE O FE s & W o T O IR I ARG L TV B 72 iR R A Off 3D
72, IREMEFICVWHIREEFRFETHD EEZLNTNDEEOTHD. L LARERD,
W, RHBETFRIZRFES A, MRS E D OBAIZZENIZER Z > T ino
TIHRWNEEZEZBND L)oo TE . — T THBALERTIX A ARSI & BEEN
HRLTWAZERMLNTWDS (K1), 27 LE0OHFMIIARH 2 EFEzThsd. 22
T, AFFETIE, BARDIEFIROY o INEZ bRk 0nE2ELI ZEEZHME LT,
BE L HAROIRAIRO Y TREE DTS LOBE L LR L7z, £, FFEDOHIC
DN T RPN AT > 7=, T OFER, B AR & BEILmoy > a0
AR IEE IZEEm > TS Z EV A L7, BRI 2N E CHARDORERICERNTH
HEBZLNTWDHIZLARA ) axy A4 UREBIBTLRAINE. Zh b
ZEND, BARRHFROERS L < ITHHIR E L THRE ORI A /1 Th 5 nletE
MEl ol

1. BB DY TREEL O R
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S[UIEZFABXREFTEHDOY I oMICRIFTEZE T

Offks ¥, mR AR Bt B!
YRR - BeBREE, 2 ESCEREINTIERT
F—U— R oo, dbl, EmrEl, FRRTH, EISE

YL H]

VT AR, U ERIE AL RE 5 Vi /KIE B F- OB X 0 BV - dEEVETE OMEPEE M D .
DS EREEANTIER LT B HFIA IR R Ofk 4 7ol THE STV 5. HARDIR
R T 2 2RI B Y E O @Y o TR o TR T D UEHE A O
AP E SN TND. 2O L) RERITASZ bk T 5 B2 6N TEY JhEER
FHROZEAIZ LY B ARB R OEESCBOLE LIS E RER S SN D EERES D
2 CANZEEJR CO, DIBTIHEHT L © WEHERRMEL Y o TEREE T V> T A DFRSH
K2 RS 2 A IKALAEZ KT T B SRR STV 5 ARBFE Tl B AT O 1&
eV > TONMIROZEAIZE B LRI Z 2 (1) B I 21— a itk
BUEOW BRI O FEL (2) KR EF &R L&Y > T O EIZ G 2
% SR & R D AR EA LD TR ZAT o T2

[ 7ik]
TEIBEEEBR & /L ROMS-Agrif(Penven et al.,2006)\Z1fE1EERESRE 5 /L PISCES %
FAIATe Z & THRRIIC I T 28 - LT N T A —Z OFUEF R 21T > T2 AKE
TV EERENT 25 UE & U CBESRE CldmEE T — # 13 COADS05(Da Silva et al.,1
994) & WOA2009(Locarnini et al.,2010; Antonov et al.,2010),/E#){t.5%F — % 1T WOAP
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Latitudinal variation in growth and survival of juvenile corals

oYoko Nozawa!, R.D. Villanueva?, Munasik?®, K.A. Roeroe*, T. Mezaki’, T. Kawai®, J. Guest’,
S. Arakaki®, G. Suzuk®, J.J.B. Tanangonan'?, P.O. ANG, Jr."!, P. Edmunds?
' Academia Sinica, *Phil U, 3Diponegoro U, *Sam Ratulangi U, *BIK, ‘Tokyo Kyuei, "Newcastle U, *Kyushu U,
°SNFRI, '%Kindai U, '"CUHK, '*California State U

Keywords: seawater temperature, irradiance, taxonomic variation, demographic dynamics

Reef-building corals inhabit a wide range of temperature and irradiance environment from
the tropics to subtropics, up to >30 degrees in latitudes. However, we know little about the
latitudinal variation and its extent in their biological performance. Here, we examined annual
growth and survivorship of juvenile corals at 11 locations over 17° S to 33° N latitude in the
central and western Pacific, and compared results among four common coral genera; two fast-
growing taxa (Acropora and Pocillopora) and two slow-growing taxa (Dipsastraea and
Porites). Exponential regression estimated 16 and 14% increase in growth rates for Acropora
and Pocillopora, compared to 6 and 1% for Porites and Dipsastraea, for each degree Celsius
increase in annual average seawater temperature. Survivorship of juvenile corals did not show
clear latitudinal patterns. This study provided the first step toward better understanding of
latitudinal variation in coral biological performance. Given the size-dependency of coral
demography, the results suggest a significant latitudinal variation in coral dynamics, especially,

in fast-growing coral taxa.
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FHEINTWD. ARIORITTIE Bl IZ LD KEMIEZiE L CREM 7 217> T
LD, BED 2 BITOWTIMELSED B MG & R E O 2N F 7§
PEWNEZ DD . ARITHINEDHER S =BG O TIEZ2 A L, meth =2
DSFIRIME — EREE CESCE=F2 U 77 LTV 2 ENZEENS.

X AFERT, BREEEYSHEL I —KYZFELIER 30 FERIREEE S EHED-ODXE
HARREREERERBIOBRRD—HEHRETHILDTHS.
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The coral reef ecosystem is one of the most highly diverse and productive marine ecosystems
in the world. Coral reefs provide high species diversity which giving a community survival
option when the condition of the environment has changed. Coral reefs are commonly found
widely distributed in shallow depths to deep water. The different community compositions may
result from various environmental factors. This study examined coral community structures on
shallow reef flat, reef slope and underwater pinnacles in the Western Gulf of Thailand. The field
surveys were conducted at three coral reefs, including Ko Mattra, Ko Lawa, and Ko Kula and
three underwater pinnacles i.e. Hin Thong Vo, Hin Jane Tale and Hin Ang in Mu Ko Chumphon
by using a belt transect method. The results revealed that the percentages of live coral cover at
most study sites were relatively high (over 50%). We founded high species diversity of corals
at the underwater pinnacles. The most dominant coral at all three study sites was Porites lutea.
The dominant corals on underwater pinnacles were also Favites spp., Dipsastraea spp. and
Diploastrea heliopora. This study highlights the importance of underwater pinnacles in the

Gulf of Thailand for their ecosystem services, particularly providing fishery products and

incomes from tourism.
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Composition of coral species at the each study sites
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Community structure and species diversity of corals on shallow
reef flat in the Western Gulf of Thailand
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Marine Biodiversity Research Group, Faculty of Science, Ramkhamhaeng University, Thailand

Keywords: community, coral, Gulf of Thailand, shallow reef flat

Shallow reef flats are in extreme environment, particularly exposure during low tides. The
corals on shallow reef flats experience high temperatures and light intensity. Therefore, survival
corals and some benthic organisms on shallow reef flats can adapt to the global climate change
crisis. Some scleractinian corals can be found in these conditions, particularly the susceptible
corals to bleaching events. This study examined coral community structure and species
diversity on shallow reef flats at six reef sites, i.e. Ko Chan (East), Ko Chan (West), Ko Talu
(West), Ko Sing (Notheast), Ko Sing (Southeast) and Ko Sang in Prachuap Khiri Khan Province,
the Western Gulf of Thailand. The field surveys were conducted on shallow reef flats, about 1
m in depth during high tides, by using a belt transect method. The highest percentage of live
coral cover was 75.0 at Ko Chan (East) while the lowest one was 20.2 at Ko Sing (Norteast).
Sixteen coral species were commonly found. The most abundant coral was Porites lutea
followed by Acropora spp., Montipora digitata, Pocillopora damicornis, Pavona decussata,
and Dipsastraea favus. The shallow reef flats in the Gulf of Thailand can provide parent
colonies of some coral species contributing to the natural recovery of impacted coral reefs
following the bleaching events. These corals can be also used to support the coral restoration

projects.
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Corals reef ecosystems are one of the important marine habitats and critical for maintaining
biodiversity and supporting marine and coastal production. Studies on population ecology of
coral-associated invertebrates is limited although it is a very important aspect for sustainable
use of coral reef ecosystems. This study aimed to examine diversity of coral-associated
invertebrates on different reef zones and underwater pinnacles in the Western Gulf of Thailand.
The field surveys were conducted on the shallow reef flats and reef slopes at three study sites
i.e. Ko Maphrao, Ko Mattra, Ko Kula, and three study sites on underwater pinnacles, i.e. Hin
Thong Wo, Hin Genthalea and Hin Ang by using a belt transect method. The results revealed
that the dominant coral-associated invertebrates were polychaete worms, particularly
Sabellastarte sp., bivalves Pedum spondyloideum, Tridacna squamosa, Arca ventricosa,
Beguina semiorbiculata, the sea urchin Diadema setosum. The most dominant invertebrate in
the shallow reef flats was D. sefosum while the most dominant invertebrate on reef slopes was
A. ventricosa. The most dominant coral-associated invertebrate on underwater pinnacles was B.
semiorbiculata. Most coral-associated invertebrates in the Gulf of Thailand are declining
because of overharvesting and coral reef degradation. Appropriate coral reef management plans
in the Gulf of Thailand are required to maintain ecosystem services of coral reefs and

sustainable uses of the coral-associated invertebrates.
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Density of diversity of coral-associated invertebrates at the study sites

Beguina semiorbiculata
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Macrofauna in sedimentary environment of coastal habitats such as sandy beach, mangrove
and coral reef are one of important components of coastal ecosystems. Understanding
connectivity between coral reef and its associated communities is needed to examine and the
complexity of food webs in marine and coastal ecosystems. There are no studies on gradient of
infauna communities between coral reef and sandy beach at the same location. This study aimed
to investigate composition and abundance of macrofauna living in sandy beach, soft bottom
parts of shallow reef flat and reef slope, and deep soft bottom zone at Ko Mattra, Chumphon
Province, the Western Gulf of Thailand. The results revealed that nematods and polychaetes
were the major groups in the sandy beach and the soft-bottom of coral reef. The species
diversity of macrofauna on coral reef was much higher than that of sandy beach. The densities
of polychaetes and amphipods on coral reef were also much higher than those of sandy beach.
Several polychaete taxa were found only on the coral reef. However, the polychaete Polydora
sp. was found abundantly on the sandy beach. The polychaete Capitella sp. was found
abundantly on the shallow reef flat. This study highlights future applications of macrofauna for
a bioindicator of sandy beach and coral reef ecosystem, utilization for fisheries, mariculture,

natural products for pharmaceutical and cosmetic industries.
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Density of macrofauna from the study sites at Ko Mattra, Chumphon
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BRIZHMT /T HYH IR IFEFEMN?

oLl 1, TR {2
VENTERBENT AW - ERERIRIEAIEE, P EIGK - B - VR EEREE
X—U— RN JBRESHE, o1 RGMENT, Goniopora

NFHYY U TE (O T8 13 I I B S AW EETIEH D b
DD, A2 R=KPPEZISL< oA L, MEEETIIAE 10 m 28 2 50 LIRD DY
e, WIBHIZRREICE S Ao, BHRICHZ oML TS, BEICEMITL
TR TRESDZ 06, R TORETHIAICFEIINLTLE ) Z EHZNA,
FESHEICHONONTWAIEEIIR Y TR BRFRETHD. —7T, BREED
SHEARRNRKREL, FHZOERPNEGH TH DT, BIEIFRED RIZIE SN THEO
HAZHET H2OLIEFICHETH 5.

Pa°F « Veron (1995) (ZIINTFTHHH o TEIE 14 R EH I TWDR, ZhET
([ BRI IO KNP T T TROPFE - FELIToTCE L 2 A, 14
D) HLRIEVICEBE TE RWHEOFAESR, EORMORFMICH Y T E L ARWENTFET
L ENghoTEI., £, R ORERNOIX, BARBERO T 5
YARBIIREL §ODOBEEML T L— RIZmdi, BREIEEIZESWTRE LFED
L MERIME T2 D—FT, NF AW I Gonioporalobata 35 O 7 A /~TF 74
Y= G djiboutiensis 72 £, BARKIZ b EFIERE T H XBIOHE UWHERE S B 570272
STz,

Z 2 CARMFGE TIE o RN DFE R 2 S LI, BRERERO L LT AREORY 7
DR ELFT 72 EORB ATV, 1X-o& 0 LR E L GEETE 2 b DA
RIN IR ATFEAEAE T 2 OOV T 21TV 72 0.
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EAIS I KI)A < (Acropora pruinosa) DO 3EIZEH % LBADEFH
4R DNA v —H — &L

oM [ misL', HE #HE®, FHk W', AMKH E!
VEVHIRS: - Bt - A AR B SK - Bl R SR, 2 B A e P
F—TU—R: b AZHIRY A, Yefafk, rDNA, FISH, MEJEECHIAEAT

[IXC®IZ] &MEEY 138 800 FifEH 5 L Vb da s, ZOHTI RU A 4
2T IR P ORI HK 200 A L, o AR T D IO N TR bE
MO EVMPCTH Y, RIFRFIZOTENEHE LW S Wbt TS, Y IO R Janr
ZRITHER, JEhEd L O DNA ARSI A IR & L TN ey, ARAFZE CII ik o R
B L L CHRIHTZ 205720, HARRFETALND I E AL I R A
> (Acropora pruinosa; WERERIA) O YLKt 23877

(18}« FiE] B A= & I RV A NIEEIRKH TS 5 B WA 2e T O RivE T
BL7-. FF7 b DNA ZHi, QEEERITZRFERN 12 BFF O H/ER L7z,
tDNA OFENTIZITY TR T A ~—I2 X D PCR FEEW) & - 7=

[FER] B AR5 L, Yk 28 & 29 Ol (2n) NIFEL, A 27 ThD
ZENGMhoT. Fie, ZOEYAZRENR T OOROPTHHFEL TV, 25D
rRNA {51 (58 & 18/28S) JE{ % FISH TRE L7z, EV A TR SD 1 KDY
ORI T RERA7 DNA 288 b2 R L2, ZOR 4R DNA 2R i
BITENREDIEF A LZETHDLZ Lo, SHIZ, IRNA BB+ 74 ~v—
IZEBPCRIEMAZ /0 —= 27 L T3DODFISH~—H—%B5Z LITRIIL, &7
0 — 2 O HEESIZH G2 Lz, rRNA B0 ofEohizr a—i3, ok
BEH DY TICH@m L72 5S & 18288 D—H B TH D Z & MR T 7=,

[B2] e A& I R A 3G EfE528 & 29 DEY A 7 THY, (INE7R 1 A%
K15 DNA Z R ORI L DO TH D Z E oo ie. WMERKTHS I R Y
AV EOBEITHIED E ZARATH L0, B TRENZ DNA OF1ED S MHEIZ B
TAHEREMNH S, £7-, 3 OO FISH ~— I —IL IRNA BI5F+ 7 T4 ~v—0 655
NIeDT, Y T bFERICOEECE D AlEMERH Y, ZNoiXI RV A v
MO0 F ARy — e 955,

[FLD] b AT I N A TR EOEED 28 AR & 20 KROMEN LR DEY A 7T
& 5. 2n=28 (Tt 2n=29 Ol TITHE FHFFHT DNA % & YRS 1T
W5 g BEE YA K) . b 1B Y AR IX B R DSR2 E T 5 (fragile centromere) .
R B AR A FF ORI, —DODOMOHICARYEIZE 5. RNA BInFIZH
W9 25 FISH ~— 7 — OB kIl L, FEFEE RO BRI A 7 ) Z A
A9 %5DNA &7 an—=27 1, FISH v~ — —Z{Eflk L OISR E &=, =
NHDFISH~——%, X RV A Y IAEopEIc&k > s Bbnb.
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= CO2 B/KEREZRI/NFAZya—EICEITHYImMA

ORI 1, Ak EA
VB - H
F—T— K=, A, ST

RIFD=v a—EiE, NOMATHEZ R o THENBIRICALEST S 2 &0 D
PASHI 72 BRBE A2 7R L, ARIEOWEKOMEE R 70 BELLE & D TEVY (Golbuu et
al.2016). Z O OABANOWKIBITFIZEHAORKE LV & 122 EE, 52K
F o CO2 RELRESKRIZNTEY, [ELHCL > THHEARICTRI SN DEREIZ
W L 72> TS, Z2DO—5T, IBNOY L THEITH 70% & fied T < g 1
NTOY L ADEFEE LB HFENTWVWAZ LN INETONZE LI VAL E
STWD. 1271, BAOY TREIFEN LT8R, S FIAVED LD LEIE
WL N~ U TENEE LTV, S OICBHEERR ENOARBENICAERT 59
23 H HEE KR - F CO2 BREICH)S L CWA AN RIBEINTEY, RED
o IR, AW X DEREA~OM#IL ) OBFOKEAE) N Co TR & LT
DEBELEE 2 BT REES R EINS. L LAEB OV I EOREHERCE
iR - | CO2 BREE FOTH v THERESZ OERZ T 5 ETIIARBIZBITS
T TDOMAEZ ST AEERNA KRV, & 2 CTAMZEIE, RNBICBITSREL
NNNTOY v TOMAEEFHMIT 52 2 AN E LT

ARBANIMTT 2017 3 AICR R LBREZ T b5 #fRITE R Z 1 5 BGRE L
6 HIZEX L7z, BN L2 RERICER LT3 e T, BL-LTRELT Y
IOMARZF L7z, & HICHEERE E TSN 0mMAY (ks BIE
2E) bIHMELZ. TORE, BHNOY L TWE (8 60~70%) B (]9 30%) 12
B L CRVW—4 T, o FOMARITESMILER L CHEIIK S, KO pH (ZH
BILTIKR T T2 ENRHALNI o2, I RIAVEEANT YAV ITRITE
AMTHEE L CTEN TR —F, ~"~H U TRICIAEREVR RO -T-. £
e TOMAR EEFELE EOAKBIAICHEN LN, £2T, 56T 2017
212 AN 2 BETEESN 1 DFTICEN TSR %2 45 3 AE THREL
7o, BN L, BEPICR LN X THRELE. T0%, £ 3MAICENR
TNEREZHABML 6 HIZHOEIL, b IoMAREZFME L. ZORE,
B CHBMUE SN BB TIEY o TOMARMELS 225 2 L AR SN2, AHE 5
NG, KBOV L AOIMAEILE CO2 BREICL D AKE~DHEEIZ L > TEHN LY
LIRS RN T D ATREMED RIE S LT, > TARE O o THEEE T BIE & < HEFF S
ALTWD A, BELICKT L CTed THEgs /e R Th 2 rIREME S RIB S 7.
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RERIEETMEDBALTEICE TS5 U ITHORIKILIGE

oG ARk A=, A 5L1T 2
VBRER - % - BRT - MBI, 2BRBRK - B - EEE A
F—U— R, WAL, ORI, KA

=

[Fia] NGO COy MELE 3~6Gt-C RKAHITHH S, £ D5 B 1/3 23R
I OWFEEIZRIN STV A (IPCC 2014). CO, DRI EHEK D pHIK F &5 & 2
L, BEEBHELDORIR L 72> T D, H 2 T CaCOs DB & & F£F - T=fa JKILAEW TH
D, WEAKO pH EHE), CO>DOEBNBUENOMET R TH D, EBRAIIZY v T &K
WpH BRIEIZ L7 % < OBFE TIEAIRAGIEE DK T 238 S 41TV 5 (e.g. Barkley et al.
2017, Ohde and Hossain 2004). & 7= Albright e al. (2015)i%, AZMIZEHY > IHED
pH % PEEFALIATORRBIZ LSRR, AIKILEED EARNH L2 &006, BEIC
MR TEGIZ Ko THR P OME THIKILEHEDME T L TS Z 26T L.
L2 L HRSEME T TORFERZR pH 28 L, ZIUTPE D IRERNEADR EE (Qareg) DB
%I %Y THED A IKALDISE 2 E BN TSR3 e, AR T, MEEE
—F U TMEICHIT D Quag &EARIGEEZHE L, BRFMH T TCOARKIIGE S X
OVBEERR AT X B RERB 22 A KA E O T 21T 5 .

[ SEBR VL] T VR A BT JES )55 B i ORI B — T 0 o TS C, TR SRR N
(O LW E VIR LK O 22 b 2 R 2 L IZB W, DO LEDD
JEAEY ONRBHEE 2 HH T 2R EE RO THEZI T 7. BT 30 2B XI1C
2~3 ffICO 72> T 100 ml 77 ZAF v 7 iRICK AL, [RRHCE AR SE R L O
B, KiE%E TN NN FRESEH(YSI ProODO) & R 3 (Onset HOBO), #* ¥ % —
ZRWCHIE L.

FRK L72MEK Z 0.45um D A 27 L7 ¢ )L X2 —(RPETEHL CPO45AN) % W T Al
L, pH &% ZnZi pH A —# —(ThermoFisher Orion) & E5XxE 5+ H DKK
CM-41X) % FHWTHIE L7z, & 72 B 8l & 24 {& (Metrhom Titrino)(Z & 5 HCI Z H\\ /-
AL EZATOT VAV EEARE LT, ol pH L5y, 7l UV ENGR
B2, Qurag & COzsys Z HWWTHEI L, HEHELFHE L.

[FEREBL] WEE—F Vo IO AIKIGEE T Qg D BIREBNIX L THER
IR Z R L, Qang DIETT & ITHKALEE TR LT 7. IPCC D COr HEH > T
UAD—2SRESA2 > F U MHNZ LD L, AHAdDiki D £ TIZRKKFD CO, 43T
840ppm Z i X, ENVHHI D KEFE T Qarag 25 1.54 T 25 & THIS LT % (Feely et
al.2009). A% & BB LD EIT L TV &, IR E —F T 2D Qune D B
EENFPH MR T ~HER L, HEAIC CaCOs OB R D IEMRIAME % £ U 5 Al HEMED R
eIibd.
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YU IDORERMIGEDIRET —BIEFHRELANILTOFE—

ol BH1, ZH BT 2, i P72, Sung-Yin Yang 3, Sylvain Agostini 3, £#
NEEZ 4, B R4, PRFES 4, BB 50472
1 BEK - AMBREECR, 2 BRERK - B, 3 HJEK - TH,
4 HUK - Kighif
F—U—F :RNA-seq, ELHIZ, #REEZNR, Acropora hyacinthus

AFZEO BEYIE, o T O ERBLSITKT 2 APEFRIEANC L 2851k - B R o
i x B4 2 Th o, KEEFIZED U TOREBIR N B E 8, o Tt
AT RN DRAT HIEMEMRBENL LD X &I 2 ERMbNTWS. 22
T, ZOiEMERESRTE (ROS) ZRETL2HEEERIZER LT, A—R—FF T K7
A LA —F (SOD) 7¢ & OFiR{LE;FEIT, FeMnZn 72 ED&EEY XV BhaEte s v
RIETHY, KPP TIZZNEDEBNERND SOD AOAGHERIZ/2 D L&
ZHNTWS., 22T, ERE2E0HEY RINL, braox b L AREMEIC
BALD B DM E D EFHAT.

F2 37 I RV A (Acropora hyacinthus) % WK SN HEILL, 707 2

7, SEEL LB AR L., SHICY a2 EKETHEBL, a0k
DRRERLA ML ARMAFANL E L BT, Vo TDOEGEFERB L~ TOISE A
Rz, AEFFIGEG T LV TOIREIZOWTHET 5.

FLINER RN & AT T2 EE L, RNA-seq |2 & D KBUEGES T- I TLfE
WraiTo7o. ZOREE, HBEAX N L RA|ZLD, proto-oncogene, CuZnSOD 7% & D&
GFNEBR LU THRE RT3 2 RNbholz. FDI1ED, IS X5 LB SEm
DIFNZHONWT, BIEFEIAL VL THLNII o722 L2 HRET 5.
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TEHOZAaIEASEIE L LD N

off A HEA L, il BB I ALY, s A
VRAITR - Rl SRRAEMTENITERT,  PRAEK - EdmEls
F—U— g, Ak, @R, =7 Ve

WARIRO EFIZ LD Toffb (o T e hmoItAERE) 13, BEaORERM
BESNTWA. ZARY, Afb L7V IREE L2 W) FH LG STV 5.
B AN REE SRR WIERIRE L R AN M R e AT 5L, 20 k)
mEMENEZ D EEZEZ DD, LaL, HRAEERTHR S &, KEBAkE ZIPED
P AOREHITHBEICHEINTEY, FEAEOLAET Y T XAk HHEIE L
WeETRIESND. RERENPRETH L), TOAD=ALE TG TR,
TR, BA XA VX F v 7 (Aiptasia), 1@ H#E (Symbiodiniaceae) %
AW T VERICL Y, fla@Eh) o8 hss EEE 2 i 2 R ZH 60T 5
ZEEEME L. RBFZETIE, £TEIEA MLV RIZEB L, Mk L7 Aiptasia D1
MR FERE A~ DB A T=. Aiptasia ([ZBHEE 52, BFEREET (25C) £
7IEmiE T (3 2°C) THEFE LI L ZA, &l FO Aiptasia 235 L 7218 B B
I, WERE S EASNAEICEN T, HERZ LIS, ZOX D RETIE, RO
Ze iR AR L7 %ISR L2 T A6 573, Aiptasia 7217 Z iR AEE L 7235
Bl ootz ORI, SRICE DB REAoOIERIIMET L, FA
N O R EEESME T T2 Z L 2RT. RIZ, t8REEO AR T A SR ALERL I [BIE
THAREMEZ 7. 4 8KFMLINOEIR (3 2°C) WifflZ 5 2756, 5 HEWEE
BE (25C) THETLHZ LT, WAERBNEZERICEE LZ. LirL, 7 2K
EIEHAFCIX, 1 0 HREAFIEE CHE LT, AR NITZESIZIIRIE Lo 72,
Z ORI, IBEMNME T AUTE R EITILAER N ZFEIE L 5 50, SiEAEMICR D
FEEHERPMET 35 2 & 2R T 5. T, KRR BRI 250, 18 Hsl
DEi A s Lo <, AKIRAMET LTH T ISR BIE LenwZ &3,
YADEREEEERE LI T 5 - ODFRKRTH DL EBLXHND.
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3Dep. of Chem., Bio and Mar. Sci., Uni. of the Ryukyus, 4Atm. and Ocean Res. Ins., The Uni. of Tokyo, 5Sch.
of Env. and Soci., Tokyo Ins. of Tech.

Keywords : coral microbiome, heat-stress, feeding, supplements

Over the past decades, climate change has led to an increase in the frequency of mass coral
bleaching. The 1.5°C report by the Intergovernmental Panel on Climate Change, states that
without reduction of greenhouse gas emissions, up to 99% of the coral reefs around the world
could disappear. While ocean warming is hard to manage on a short term, actions to mitigate
its impact on coral reefs can be developed. The coral microbiome has been shown to be essential
for coral health through its role in nutrient cycling, resistance and resilience to stress, and
pathogen control. The change of microbial community can be a sign of stress and can be
observed even before any signs of bleaching. Although the coral microbiome bacterial diversity
is often specific to a single coral species, a core bacterial species are common across coral
species and could be an indicator of host health. For instance, Endozoicomonas is often found
associated with healthy coral, while Vibrio is commonly dominant under thermal stress. Our
research group is testing the effects of supplements to assist corals to overcome bleaching
events. We targeted three type of supplements, Artemia as nutrient, and, Iron and Manganese
enriched yeast to provide additional metals required for the superoxide dismutase enzymes that
reduce the damage from reactive oxygen species produced under heat stress. We monitored the
changed in the microbiome composition along with the host and photosymbiont physiology
under supplementation (no supplement, Artemia, Yeast-Fe, and Yeast-Mn) and heat stress (27°C
and 31°C) for the common hermatypic coral, Acropora hyacinthus. We expect to see a drastic
change in the associated microbial community under heat stress, change that may be mitigated
by the supplementation, especially under the Artemia treatment which was the most effective

in increasing the resilience of the corals to the heat stress.
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18R & Acropora tenuis MDFEMBICET 5 7O T A —LBEHTOEA»
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[BR] Vo adoAsFIcE R oA IIRAARTHD. L LEKIED ER-72
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RN Y= LAOBEIZEAD L X X EORBIE & W o ok x G E LTV D
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EETHI LIV Y T BREBOIAERELZ I DICHLNCTE S EHfFSh
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[FiE] VoI EREES R EORIEEZITIHE, ERTMEE7F K Hym-248 TARE
SHET-HEAR Y 71248 Bk NBRC102920 & AJIS2-C2 ZUsHIL 3 B ZLICHafEEiRE L
7o D AN—BIE 2T 5546, AJIS2-C2 & NBRC102920 % Z L2 VR L 7-HER
V7% 40 HIfAH L7=#, 8 /X7 L — MZ# L Rhodamine 110 TYa L7=. a7 4
— MNEMTIEE BRI VR AL LT, VSV RN F A2 —EBEN VTl
fEL, Wi L C LC-MS/MS 128D, KX R EDOXTFRESNERE LT, X ™I E5)
BTG, mEiREra~ N7 0—E W, £, T u T 7 —BIMGEY &4 ET
L6, BiA A 28 # 7 2 MonoSpin SCX T4y liL7=.
[#EHR]  AJIS2-C2 ZMEMS L7-MeR U 7 Clith e 2 45 LT 5 30 HREIZIRNT
tg BN L 7=, —J7 NBRC102920 % %845 L7 HEAR U 7 Cld, (KN Tt s 1
MBdHEY RLoT, 12 BEETHIMLULE LR, 24 H BRI Lz, £72,
fo i BEdn 30 A OHEAR Y O JEmAEIL AJS2-C2 2 15 L I E K &t~
NBRC102920 % #4#5% L 72K CIXFARIZ/NEIDo7o. TNHDZ &G, A tenuis 13
AJIS2-C2 L HEARIEA B <, NBRC102920 & iF3L/ERENR LS W EHEESIND.
F 72, NBRC102920 Z &M L7-HeAR U 77 CIlIUsin 21 B B UABRIZHE REEO IR EDIZ
BESHZ. HERY ZHICHAE LB REONIETH I AR—BEER AL &
NH, TARM—VRZX VY THRY 7RO BREN RS E Z & T, #HiRY 7
NOBBBENEAD LIz fEsnD. BUIE, 7vn7 4 —L@iT2EDTEY, 4
tenuis TIE 1,798 f&, AJIS2-C2 #ETIX 941 HD X > RV ENRE ST, 5%, [FE
TXAX LRI EHRERO UT-14, B2 XV EDERLFITV, 7 a7 4 — MR T
HT R b= ABEEZ N T EREEINT D 0MRET 5.
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Stable symbioses between scleractinian corals and dinoflagellates algae (Symbiodiniaceae)
is one of the key factors that coral reefs thrive in tropical waters. Interruption of such symbiosis
may cause coral bleaching, e.g., thermal stress from rising SST. To survive, both corals and
their symbiotic algae need to acclimatize to a warmer ocean. Shuffling between thermal-tolerant
and thermal-sensitive symbionts is one of the mechanisms found in some reef corals with
multiple Symbiodiniaceae species. It is believed that corals may have a better chance to survive
a warmer ocean by symbiont shuffling. In this study, we used L. phrygia to perform a one-year
experiment of reciprocal transplantation between WLT (SST steady site) and OL (SST variable
site) in Southern Taiwan to investigate seasonal dynamics of the Symbiodiniaceae community.
We used NGS approach to analyze ITS2 amplicons. [llumina MiSeq paired-end sequencing of
80 amplicons resulted in 80,236 ITS2 sequences, representing 132 Cladocopium spp. and 14
Durusdinium spp. Our study demonstrated that regardless of the sites, most L. phrygia colonies
were all Durusdinium dominated without distinct seasonal variations. But one native WLT
colony displayed shuffling between Durusdinium and Cladocopium. Our transplant
experiments indicated that when moving from WLT to OL, L. phrygia colonies tended to hosted
exclusively only Durusdinium. But only one out of five colonies became Cladocopium
dominated after they were transplanted from VS to SS. Symbiodiniaceae profiling further
indicated that Durusdinium dominated colonies all hosted the same top three species ranking
in the same order of D. sp. 17, D. trenchii and D. glynii. But the top three species in
Cladocopium dominated colonies were variable. Our results suggest that L. phrygia had
acclimatized relatively successful to survive in temperature variable site and might even be able

to sustain recurrent and prolong thermal stress in the future.
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Larval dispersal and post-settlement survival of corals play important roles in maintaining
their populations. Most of the corals acquire their symbiotic algae (Symbiodiniaceae) from
environment at each generation (horizontal transmission). For the horizontal transmitters, quick
establishment of symbiosis may be important for their survival since it provides energy via the
photosynthetic activity of the algae. However, recent studies suggested that the oxidative stress
resulting from photosynthesis may also harm the larvae. Therefore, it is still unclear whether
symbionts in larvae are beneficial to the early life stage of corals. In the present study, we
investigated the effect of symbiont acquisition on the larval stage and growth of juveniles. In
May 2018, gametes of the coral Acropora tenuis around Sesoko Island, Okinawa were collected
and fertilized after spawning. We provided the algae Durusdinium (former Symbiodinium clade
D) to one part of the larvae for acquisition, while the other part remained aposymbiotic as
control. Both symbiotic and aposymbiotic larvae were then kept at 25°C under a 12 h light
(~160 pmol m2 s!) and 12 h dark cycle for 26 days. We compared survival and settlement
rates of larvae, the size of newly settled polyps as well as survival rate and size of settled polyps
(juveniles) from both treatments. Survival rate and size of aposymbiotic larvae were
significantly lower than symbiotic larvae throughout the experiment. Initially, the settlement
rate of symbiotic larvae was significantly lower than aposymbiotic ones but became
significantly higher than aposymbiotic larvae on 14th and 22nd days. The size of newly settled
polyps was significantly higher for symbiotic ones throughout the experiment. Our data suggest
that symbiotic larvae had higher fitness. Overall, these findings suggest that the effect of
symbiotic algae in larvae of the coral A. tenuis are beneficial especially under normal seawater

temperature condition.
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Coral reefs are among one of most vulnerable ecosystems to environmental disturbances
such as climate change. Globally coral reefs are in decline due to high temperature anomalies
and anthropogenic impacts. One of the main factors for reef resilience is successful dispersal
of coral larvae across a large environmental gradient, however in depth knowledge on these
disturbances on coral larvae and juvenile stages are fragmented. Larval pigmentation is known
to correspond to larval settlement behavior and mortality rates. For this study, we hypothesized
that pigmentation intensity of coral larvae of Acropora digitifera corresponds with its mortality
rate and settlement timings as during spawning period, eggs of different colonies are highly
varying in color intensity mainly due to fluorescent proteins, pigment carotenoids, symbionts
and cynobacteria. We predicted that mortality rates of low-pigmented larvae are higher than
that of high-pigmented larvae. For this study two sets of samples (A & B) containing 96
individual each of 4. digitifera larvae were categorized into three categories (high, medium and
low pigmented) depending on their pigment intensity. Mortality rates observed first 10 day post
fertilization was only between 15-21% for both samples, which is comparatively low compared
to other similar studies which reports 50% mortality rates during these first 10 days. After the
30-day experiment period, mortality rates of high pigmentation category were 43% in both
samples. In sample A, 50% mortality rate was observed for medium pigmented samples. In
sample B, 58% mortality rate was observed for medium pigmented larvae. The highest
mortality rate of 65% was observed in the low pigmented categories for both sample A and B.
Our results supports a connection between pigmentation intensity and mortality rates as low
pigmented larvae produced could be attributed to stressful conditions during spawning, hence

the likelihood of high mortality observed in these categories.
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Composition and abundance of juvenile corals are generally influenced by planktonic larval
duration, physical and chemical properties of seawater, availability and location of substrates
and competition with other species. Understanding on the ecology of juvenile corals, and coral
larval supply are crucial for enhancing reef biodiversity, recovery and resilience in responding
to disturbances. This study examined composition and abundance of juvenile corals on natural
substrates in shallow reef flats, reef slopes and underwater pinnacles in Mu Ko Chumphon, the
Gulf of Thailand. At each study site, quadrats (16x16 cm? for each) were randomly placed on
available substrates using SCUBA diving and the number of visible juvenile corals (<5 cm in
diameter) was counted and identified. The results showed that the highest density of juvenile
coral was found on the shallow reef flats following by reef slopes and the lowest one was found
on underwater pinnacles. The surveys revealed as diverse as 15 genera of juvenile corals
commonly observed at the study sites. High diversity of juvenile corals was recorded at Ko
Kula on the shallow reef flat and the reef slope. The corals Pocillopora spp. were found in high
density of juvenile corals on shallow reef flats and reef slopes but low density on underwater
pinnacles. The juvenile corals on shallow reef flats can be resources for active coral restoration
projects in Thailand. A long-term coral reef monitoring program should examine maintenance
mechanisms and connectivity of coral reefs and underwater pinnacles to provide proper

management strategies of coral communities in the Gulf of Thailand.
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Density of juvenile corals at the study sites
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Coral recruitment is a key factor for the maintenance of corals reefs. Monitoring coral
recruitment can provide an important indication of coral reef resilience. The mass coral
bleaching events in the Gulf of Thailand occurred in the years 1998 and 2010. The capacity of
coral reefs to respond to coral bleaching impacts relies on the ability to maintain and regain
ecological functions after the bleaching events. This study quantitatively investigated diversity
and abundance of juvenile corals in Mu Ko Samet, Rayong Province, Mu Ko Chang, Trat
Province, the Eastern Gulf of Thailand, Mu Ko Chumphon, Chumphon Province, and Mu Ko
Ang Thong, Surat Thani Province, the Western Gulf of Thailand. The densities of juvenile
corals at the study sites in the Eastern Gulf of Thailand were higher than those in the Western
Gulf of Thailand. The dominant juvenile corals were Pocillopora, Porites, Favites, Fungia, and
Turbinaria. The juvenile corals of Porites and Favites were widely distributed. All reef sites in
Mu Ko Ang Thong exhibited low densities of juvenile corals. The high sediment load is
suggested as an important factor controlling juvenile coral density in the Gulf of Thailand. We
highlight the importance of management interventions for reducing the negative impacts of
coastal development in the Gulf of Thailand. This study provides necessary scientific data for

coral reef management plans and coral reef restoration projects in Thailand.
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oIl Ea Y, Az Bk, S BEk!
VERERR - BAAEAT,
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SNV AVEY L TOLIILHEEFREINEZITS. I R A V@Y TOpEIE,
W ER % 72 R OBUB F2NBIE L2 e TR B 2 5. 20RMIE, —R7T 25
&, ZREHROBMR DR LRHANH R TLE Y Ko IcHREINS, I FUA
VBV AOREITHERI SN TNWD Z LD, EBRINEFICEB W T B0 X 1 =X A
DhHEEZEZLIND., FEEE, BV 7TWTIE, PEINRADE 72 % Acropora cervicornis
& A. palmata DRZHERNHER SN TWD. £, A 2 RREFETIHEINRZNZIZIE
EWD 72N A, donel & A. tenuis 1 in vitro IZEB W THEME TN FZET 5 Z & DHER
NTEY, SHIZEHMIBNTIZO 2 mOFMBELZ R TEESREINTND., —
5, PEIRREZ N —E L2\ A, pulchura & A. aspera Tl, B/MIEBWTIZ O 2
DR 7 DAZZET R 57208, in vitro TIEELE 238745925 Z E R ST
W5, EFRED, PFEIRD X A I 2 T REUE SIS FEOMERF £ 72 13 BB W T HEH
BREENZH S TND ZENTRBEND. 20X, IFIAVEF L TDLIIC
RIFTHIC A B UL FRRIFAPEIN 21T 9 AN T, A5 & A FERREE R L - oM
FFEITE M LITEERBRICH D L 525, A, HBxITESBLICART HE
MDD 22X AT DY v a3 R A (A divaricata) e L, Z D 24 A 7DY
vaAI RUAURBIFETHDLON, FRITHENZIETOHLINEHLNET D720, FE
PPRFR OERS, M O Microsatellite ~— 7 — % L 72 EHBE BT 21T 72, FER
ELT, YyaI RIATvoEIMIIMMOI RUAVEEIIRELTTINT, 8 An
59 HIZEINNRR LN, &5, 202 XA 7OREINREEF L OVEINH O—B 1k
IR olo. LarL, 2EANITERANO 1 EBORERM TR H OREII AR S
TNDZEND, BIMIBWCREINRZIN —BT 2 IR I E CTE WV EHEE S
oo FREIFAN - LA T, EBroxEL Ao, £ 27T,
Microsatellite ~— % — % L 7B HEBENT 26, 20 2 ¥ A T TR 2 HEN
HETWOIDLER LI EZA, 287 A4 TRITITELRTFBADRERLGNT, TN
BRI DEMEZER L T D Z ERER SNz, LLEDZ &t WIKEEIZART
HIEDRI2 D 242 AT DY vy aI R A VI THD Z LRI S, FEIFE B
FOEIIRFZ DN 70 D Z E B ER TIE VW b HER L.
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2010 A L 0 FICHEA~FET~ 2 & LT 5 72O 2 RIS 5 Sh,
T~ aEPRITER LAEIRRBICH 5 & =D . [ESTIERGERIME O @ —E o EvEy
M~ 2 fEE GRS A PEN B 22D TO A0, EEREEHERR - BIRHE KO 7=
MR G E O fF 12 < OFLTHEA TV 2V, Z 2T, A% OlEDRIZ 5
T BB E T~ S OB KR & i & O R EIZEH ST 570, WS B HR )
HEI L 72T~ S O A THEIE 2 OB D & A58 B O fdE 2 37 7.

(#48F - k]
2017 4 10 A 225 2019 42 9 H £ TOWI T, il s LA oo SRS 14 HE
($1+2+3+5+6-7+8-9-10-11-18-20-22-23%) IZB\T, FAETHLN
7o~ 2B 19 f 146 AR Z i U, TR 28158 - a2 5l U TR (GD
RO,
[R5 5% - 7]

WIS HER ST DX, 72 U A v~ 3 Actinopyga echinites, 7 &7
~ 3 Holothuria atra, /> Y}~ 32 H.scabra, A 37~ 2 H. whitmaei To > 7=. Kiik
DEWKE (B2 ICAEMBEORENLLNTZDIL, N rVAn)~va, Jufw
o, NS a, KIBORWEH] (4F) IZEFEEOFRENLLNIZDIL, AT
~aThV, MIERTORITIIEE —F LT=. FXF~ =2 Bohadschia sp. cf. vitiensis,
3 3 A VA A F~ 2 Stichopus herrmanni, 7 A 717F~ 2 Thalenota ananas |3/KIE3 &
WIRFHHZ B W TR T 2 FTRE RS R STz,

BB N TR 0BG NMAICEZDLRE (6~8 HAEHIL) 2T L CER
TRAEIZHD LA TS DY, ERCRE RO AT 54 ~F ~ 2 OERHIRIIZ OV
TIIHEZOLENENH D . Eiz, FEEIMENRICEWA VT~ a3 T~ al
ElE, AP TS D 7o OB R R N B e e 5 2 L SN EE R S AR A
hEL, BEOFERN SN DR LR T
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IRRRERBEOINT Y, 2BRERK - BRELL, SouaAHERCE, IEKIE
X—U— R~ o, GIREL, A RBREE

W BW] oI ETEREM & L TCBE I, BN EAHT 51
PEVIRRIR T L BV E T~ 2o ES I L, MBEAESMHC X 5 & 2012 4
(21X 208t & 7p o7z, L LENLAREITE@H &S TR L TRV, 2014 412 70t, 2018 4
1T 14t E7p oz, ZHISKBTENRED Liz72dTHY, ZOERKE L IR FE
WICAERT 2~ 2 HEREOR B ER ST\, 2013 FITITELEN L2 By
(ZIRERE DR EIZ L 5~ D I FEh S 72 N E TR E O R XA S
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Z 2 CARZE Tld T~ EO AL BTN T TR A BT 5 72, MR Rk
ARTH T~ HOBRREOHEZ B E Ltz £ L7-.

[71£] 2017 4210 A ~2018 4F 12 H OHAR], i~ E &8I0 T TOILFREE
ME 11 M (176 HIA, 53 IR CW/KREZ I L-. HEETOBREICHZ>T
(XL FEHENICAEAE T B V0 THEHIE & % OBREE 2 MRRMNICINiE T& 5 X o finze
BEHEHBLOGIS 7—# AW TARRREZ Xy EEIXS) L, HocikERGRE O
~ HOWEEICET A XM R LEBE LILE L.

BIRE BV AINCHE 2m O~V k R T ot 2 B) Tk~ afiofEE ok, &
BERE (EE, KIE, o288 - iR mE o AFRNE) 2iek L, HA (20m.20m
TR TIEE DIlEmEOREZRisk L.

MR & RS CHERR S ISR L, TR EnF4, g MhsED), Kk, &
BERGE, AREEICOWTEMH L.

(55 R ] EERIRE O EES ~DOB X BV ° FAO (2012) ZEo&EEHIFLHE ST
WD IRIE G OB~ 2 D H b, 7 vt~ 3k spp.16 FE, v 7 )~ 2 F} spp.6
FEOAF 22 AR SNz, AR YT~ IRATEREOE, R X0 AR
B DBmN BT, K TREEMMEDO WA >~ a, NA hF~ankBE
FEITHR U TR L, /MU CREERMIENMRN 7 B~ a2 0% o E3vE & MU ClRERE
RIS ND Yy /) A~ aBOEREE IS E N> 1.

T~ IO SR IOV TILRELL TWAREL H Y, 20 9 BAHICHOWTIE
ROERER SC & DO HHRSC DNA 2 & 2 50 - RARMNTIC X 2B NRMLETH 5.
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offfiH KHELFE Y, Lk FHz 2
VB« BRER T, 2FEK - BVERF S
F—U— R ¥R, TAEA R, AR

B RENE DOERT Terpios hoshinota (Riitzler & Muzik, 1993, LR TV E A A ]) 1,
P AEBNETDMEE o TS, oI, B0 R, 5L
LI LT ET 5. AF, PRI CRFTIIZZIET 2 BEOHTICB W T,
TNEFZAOFRE CHMBRERAHH Z L 2B L0 THET 5.

<HMBtBLXOHE> WEESROCHEREERMOKRBICE ST 202
Montipora digitata (=4 =& ) OB ZE 10cm~F m TNy FRICE S 7
NEF R BN V. 15~25m TN OEE DT )V EF AREHAN S Y TR & £
£, K 2em HIZUIWI LT, Fl—& 25 WITRRDBHRBEROT LV EA A 2 % 4.5cm
DL AV EICEE, WEIRICRE Lo RIEOBA S, B X O R+ 2 BB
S5 2 00FEIZLY T AEF A EMERFEEZH T (1 DOMEAEDLETE 5K
To). T, A THRROBGDEE TV EHNEE L.

<FEREELE>S ERLBAHROT VA AREE LliE ST D &, TOmH
(CHRE R BE R EL S L (K) . EEEMTOmME A5 2 &3k, T
AN it 5 RROMBENBIR SN OBRETH -T2, —F7, F—#ERK (/7 m—2) T
1%, AR b T oM I ONE R & IS Lz, T4 TH, BEEAR OB
fil SRER & [FIRR DB RRR DT K 2 Rl L 72

INHOREREY, RFICART 2704 AN, BERECEMEZRHKT &
MR R ST, A%, BMERRORREZEFAIICH SN L TS BE R D 5.

¥ TRy

. A) BIEFENOERE LT VE AR,
B) AR DOBEAERIC IR S 2B AR (RH], EBRBIAAT 10 H).
C) BEARES (WK 0.2 mm) DILKEE (EIATHMES) .
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HUOREREADO LA VH TS (Drupella fragum) 0;iF8504 (2%
THEHENRY 2 O—FILREDORR

oELAT JEM 12, EIF RIG 2, =il BREE, BN R, =i SR
VRAERE, PEER - Bk, CIRETEKR - BRE
XF—U—R: A albA X~ Y, Drupellafragum, RV 7 a—F bk, K4t

HragEHE, Yo IETEREMETAEHORKTHY, RSOV T
AICAERT S, 26 0&REE, B I~10 [HAREOEMEZER L T 48
592725, Drupella JBI\Z/ I N DB HITHICKIEAETHZ LML TED, R
KDY TREEICTRA 2 EE 726 L C&E 2. BARIZEBT D Drupella J& D K34
L= FEBIT T TRk S 3L (Moyer et al., 1982), Z O ITBEIIR O % 729 =
FEAEMC CHeRd Sz, IUEVEREEBICALE 9 2 B R F T TIX, 1990 4FEN G B A
v b A X< (Drupella fragum) DS RFEAEL, BRERIEEIABMG Iz (F)II D,
1993). EAEDBRIREAEIT Y IED 10 450 1 FEEE L 72> TW DA, & HOBRERE A5
ITEEBRH VY, KRIEEOER LA STV,

ZEEMTIZ T 2015 4E 5 2017 FIZHER SN B HOR P EZ e A v e LA VA~ v
NDEOTEY, BREOZEIIATERER L TWD Z ERREEIN. £/, 2017
FEZEEREE TR SN A va LA X~ Oikma iHll L= iR, @ EE
NI S Lo OB H O A KR, X622 nZ ER L e o7,
ZDi, Y IRBEHOEBEELENT, RFEHONEDOKEMANC L > TR SN
TS ATREME D R STz, ARFZETlE, Vo I RBRH OIS EOEREZ ] 5 )\
TAHZET, RBEBEDAD=ALEHATHZEEBME L. LarL, BHIYAEIT
ENHLIERENEEI L TR Y, HAEOKETOREEOTRER ORI TEHE L.
T, VU I REHNE R R T X DR IR O 2, Ak T
KROLERTIMNEOH DL A B LA U H~v v OdEERSRE L TiTo 7. fERILTZ
PRI v v A > H~ G (D. cornus) ZHVWTRREE L, @RS IR S vz,

2016 D 1 b 12 H ORI, WEERTE O 5 SIS TERE L7 8 H O EY)
EEER U TCPURICTHRE L, IMCBIT D B A m LA ¥~ U EDFER A &
B U=, 2R, ShAEIZ6e And 11 AICE S HE L. BKEHTHD 3 HiIgh
AEOHBIAHER SN, OB Thienolz. 2D Ehn, BKIE
WNZHB T DAFEOPEINIAKIRIC L AHEZ T TWAREEMENRE 2 bivlz. F2, ik
BOARBPHER SN IR, SEDOTRHIERN 2 MER N A DAL, @& E R E 0%
FAERE S-S TIE, 5 S The b £ < OTRIERD FoEk S 4L7z.

ERIESNIZHRIC L T, lhoe A m LA o~ hAZERICEE L, 3H
THZEMARE L oo 7o, Atk b DTREE & B H O AR & keI A5 5
ZET, MREZATHA I RBEDOHIKEZIRZ D Z LKL Z ENHFFEIND.
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Coral polyp bail-out represents a novel stress response in scleractinian corals. Typical
morphological features in polyp bail-out include colony dissociation and detachment of solitary
polyps. In the recent decades, successful induction of polyp bail-out has been reported with
many different methods. Molecular studies on polyp bail-out point to the involvement of
apoptosis and ECM degradation in the colony-dissociation and polyp-detachment processes,
respectively. However, the regulation of these cellular responses is still poorly understood. In
this study, we conducted a transcriptomic analysis along the development of polyp bail-out
under hyperosmotic stress in Pocillopora acuta. The activation of integrin-mediated signaling
pathway along with small GTPases and MAPK cascade suggests a possible signaling pathway
to caspase activation and the observed colony dissociation. For the polyp detachment process,
many matrix metalloproteinases (MMP) and cathepsins have been identified up-regulated along
the hyperosmotic stress. Gene expression patterns suggest a distnct regulatory pathway for
these ECM-degrading proteases in comparison to caspases and a possible engagement of the
FGF signaling pathway. Furthermore, separataion of colony dissociation and polpy detachment
was observed in different salinity-raising rates, providing strong support to the independence
of these two processes in their regulatory mechanisms. This study provides the inslight of
molecular regulation in the coral polyp bail-out repsonse and new perspective of its ecological

funciton for scleractinian corals.
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In recent years, resilience-based management has become an important local-scale solution to
combatting the effects of climate change on coral reef ecosystems. This management strategy
differs from traditional approaches by focusing on preventing regime shifts rather than
maintaining an optimal, static state. There is a diverse array of potentially applicable resilience
assessment approaches, ranging from broad and holistic to locally-specific. In this study, two
different resilience assessment frameworks are used to assess ecological survey data from
Kenting National Park (KNP), Taiwan, with the goal of informing management strategies and
suggesting updates to the zoning system. KNP spans 152km? of Taiwan’s coast and is home to
over 300 coral species and 1,600 reef fish species. The current zoning plan divides the southern
coast into four zones: Marine Ecological Protected Area (MEPA), Marine Landscape Area
(MLA), Marine Recreational Area (MRA), and Marine Limited Use Area (MLUA). These
zones were established in the 1990s under traditional management approaches and have not
been recently updated. Given the rapid environmental and anthropogenic changes taking place
across Taiwan, it is unknown whether the current zonation system successfully prioritizes or

promotes reef resilience.

The first resilience assessment method applies the evidence-weighted framework of
McClanahan et al. It ranks each site through the summation of eleven resilience indicators
scored with a Likert scale (1 to 5). These scores are determined through observational
estimation in the field, allowing for the quantification of aspects that would otherwise be
difficult or time-consuming to measure in the field (e.g. physical human impacts). The second
approach modifies the framework of McClanahan et al. by adding locally-relevant indicators
(e.g. typhoon-resistant coral species) and using metrics calculated from current ecological
monitoring data to determine the indicator score. By applying these two methods to rank the
resilience of 92 sites in KNP, this study seeks to identify operational indicators that will be
useful for future assessments. Additionally, the site-based resilience ranking will help

determine areas where KNP’s zoning system can be updated to prioritize reef resilience.
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The shorelines of Thailand in the Gulf of Thailand are an essential area for the national
economic values, consisting of sandy beach, rocky shore, and mangrove forest with a length of
approximately 1,660 kilometers. The coast of the Gulf of Thailand is high tourism potential and
popular with both domestic and international tourists and has the 4th highest tourism in the
world in 2018. In recent years many shores in countries around the world have experienced
problems with coastal erosion. Thailand has lost coastal areas due to coastal erosion because of
increased global climate change and human activities and lead to deterioration of the country's
tourism resources. The coastal erosion in the Gulf of Thailand affects both the eastern and the
western parts in the flooded areas and wetlands. Almost all the erosion problems on sandy
beaches in the Gulf of Thailand are tourism, residential, and industrial areas. The ecosystem
services of the coral reefs have a variety of value provide to tourism activities, fisheries, coastal
protection, and non-use values. The coastal erosion protection by coral reefs observed as the
reefs dissipate wave energy. Therefore, quantitative data of coastal erosion protection by coral
reefs are essential for the management of coral reefs and coastal areas.

Assessment of economic values of coral reefs is plentiful in many facets, including tourism,
fishery and coastal erosion protection. Assessing the worthiness of coastal erosion protection
services from coral reefs is a very important aspect in coral reef studies, but the scientific data
in Thailand is still limited. This study assessed economic values of coastal erosion protection
by coral reefs in 9 provinces, consisting of Trat, Chanthaburi, Rayong, Chonburi, Prachuap
Khiri Khan, Chumphon, Surat Thani, Nakhon Si Thammarat and Songkhla. The total protected
shoreline in nine provinces in the Gulf of Thailand was 236.99 kilometers. The estimated
economic value of coral reef ecosystem services for coastal erosion protection in the Gulf of
Thailand was about 1,579.95 million USS$.

The management strategies for coastal erosion and coral reefs in the Gulf of Thailand is

essential for enhancing coral reef resilience, particularly recovery from natural and

anthropogenic impacts to maintain coral reef ecosystem services.sw  we  ww  wo o
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The severe coral bleaching events in the Gulf of Thailand occurred in 1998, 2010 and 2016.
There were significant differences in the susceptibility of the coral species to bleaching events
in the Gulf of Thailand. The intensive studies of coral bleaching in the Gulf of Thailand in 2016
showed that the levels of coral bleaching varied significantly among the coral reefs. Ko Losin,
an offshore reef site in Pattani Province, the Western Gulf of Thailand is becoming a tourist
dive site. This study provides quantitative data of the coral bleaching impacts in the year 2019
at Ko Losin. The sea surface temperature anomaly was recorded in the Gulf of Thailand during
April-June. The field surveys in May revealed that there were no signs of coral bleaching at Ko
Losin. However, we founded a significant level of coral bleaching at Ko Losin in September
although the sea water temperatures were in normal conditions. The levels of bleaching
susceptibility varied greatly among coral taxa. Most colonies of Pavona cactus and Porites
lutea had high bleaching susceptibility. The soft coral Sinularia sp. also showed a high degree
of bleaching. It is hypothesized that this coral bleaching caused by some phenomena of the
changes of physical properties and dynamic processes of the ocean. Protection of coral reefs at
Ko Losin from the impacts of fishing and tourism is required to enhance coral resilience to coral

bleaching.

Pavona cactus Porites lutea

Porites lutea Sinularia sp.
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Severe coral bleaching events have been reported as a major threat to tropical reefs
worldwide, which can change the composition of coral communities and decrease their
ecosystem services capacity. Shading is proposed to be a measure to protect corals from
bleaching impacts during the bleaching events. We designed and created a field experiment
during the coral bleaching event in 2016 to investigate if shading could reduce mortality rates
and enhance recovery rates of corals following the bleaching. We found that our previous
experiment substantially reduced the degree of bleaching and mortality rates of some coral
species. Therefore, we applied our coral shading structure to protect corals in a large-scale
during the coral bleaching event in 2019. The anomaly of sea surface temperature in the Gulf
of Thailand was predicted in a few months before the bleaching event in 2019. The shading
structure was established and implemented before the bleaching event at Ko Ngam Noi, Mu Ko
Chumphon National Park, the Western Gulf of Thailand. The corals were shaded under
midwater floating shading nets, 2 m x 12 m for each. The results showed that under the shaded
areas, both light intensity level and sedimentation rates were lower than the unshaded areas.
However, coral bleaching was observed in both shaded and unshaded areas. Additionally, the
recovery rates of bleached corals under the shaded areas were higher than those in the unshaded
areas. The coral mortality rates after the bleaching event under shading areas were also lower.
The dominant corals at the study site were Acropora muricata, Fungia fungites, Lobophyllia
hemprichii, Pavona decussata, Pocillopora acuta and Porites lutea. This study demonstrates

the first large scale initiative in Thai waters to prevent corals from bleaching impacts by shading

during the coral . : 53
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The Target 5 of the Sustainable Development Goal 14 is: by 2020, conserve at least 10
percent of coastal and marine areas, consistent with national and international law and based
on the best available scientific information. To achieve this target, new marine protected areas
in Thailand should be established. Scientific data concerning coral communities on underwater
pinnacles in the Gulf of Thailand are very limited. The field surveys were conducted at 26
underwater pinnacles in Mu Ko Chumphon, the Western Gulf of Thailand. Our results revealed
that percentages of live coral cover at some study sites were over 50%. The dominant coral
species were Porites lutea, Favites spp., Dipsastraea spp. Diploastrea heliopora, etc.
Enhancing marine ecotourism is a strategy for reducing pressures on major dive sites in
Thailand. Many underwater pinnacles in the Gulf of Thailand can be developed as ecotourism
sites. The Cabinet Resolution on 3™ March 1992 regarding Thailand’s coral management
master plan reveals that coral communities on underwater pinnacles must be protected. Several
human activities which may have negative impacts on coral communities are prohibited.
Therefore underwater pinnacles in the Gulf of Thailand should be categorized as a type of
marine protected areas. A total of approximately 95 km? of underwater pinnacle areas of our
study sites in Mu Ko Chumphon can be considered as new marine protected areas in the Gulf
of Thailand. Law enforcement is essential to stopping illegal human activities in the underwater

pinnacle areas.
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Valuing ecosystem services is one of the main strategies for raising environmental awareness
worldwide. Services provided by marine organisms can be divided in Fundamental and Human-
demand Ecosystem Services. In Thailand, a great portion of the country’s economy depends on
marine ecosystems, either for human consumption or tourism. We here try to evaluate the
ecosystem services provided by coral reef fishes in the Gulf of Thailand. In site species
abundance data was compiled from eight different sites in the Gulf. We analyzed the human-
demand services by selecting only species with market value according to official reports from
the Department of Fisheries. To estimate the economic potential in each site, we collected the
mean price per Kg of target groups, then multiplied by the expected weight and recorded
abundances. Weight was calculated from the observed common lengths, using the length-
weight tool on fishbase.org. Finally, we multiplied the mean density of target species by the
calculated reef area per site. Estimations were done as the maximum abundance potential each
site has, which was then converted to monetary values. We recorded 43 reef fish target species
to commercial or subsistence fisheries. The highest economic potential was found in Mu Ko
Chang, Eastern Gulf of Thailand, estimated to reach between 3.6-3.8 million US Dollars. Two
more sites, namely Mu Ko Samet and Mu Ko Chumphon, were estimated to hold up to 2.3-2.6
and 0.4-0.7 million USD respectively, high economic potentials probably due to the priciest
species found there. Altogether, surveyed sites potentially guard from 8 to 9 million US Dollars,
for Thai fisheries, calculated based on 43 species only, in a single snapshot. We estimate the
real monetary value to be much higher considering that reefs in the Gulf of Thailand hold up to
100 marketed species, and that replicated surveys can enrich current data. In addition, we found
53 ornamental species, commonly marketed worldwide. Although little is known about
aquarium trades in Thailand, there is no doubt about the contemplation value of those fishes,
and their potential to attract tourism to coral reefs. In fact, studies indicate fish sighting as the
most important characteristic for people who seek marine ecotourism. Although the higher
popularity of Andaman Sea sites, this activity has a high potential in the Gulf of Thailand, and
generated more than 60.000 USD in 2018, at 4 Marine National Parks. A sum that, if well
managed, can potentially outcompete other impacting anthropogenic activities, such as
aquarium trades and mineral extractions. Lastly, fishes provide a wide range of fundamental
ecosystem services, due to their various ecological niche, and their high motility. Services

attributed to this group range from recycling nutrients from substrate to the water column and
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vice versa and regulation of plankton equilibrium, to linking energy and nutrients between
different aquatic ecosystems. These high value functions are still impossible to valuate
economically for aquatic ecosystems and until now, millions of dollars have already been spent
in localized attempts to improve marine production (e.g. trying to artificially input iron in
oligotrophic areas) to no success. We conclude that coral reef fish communities in the Gulf of
Thailand potentially hold millions of USD in human-demand services, that should be properly
managed, as well as inestimable sums that could easily reach several million dollars in

fundamental ecosystem services.
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Polycyathus chaishanensis in the Datan algal reef demands a
conservation focus
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Chaolun Allen Chen'->3
Biodiversity Research Center, Academia Sinica, Nangang, Taipei 115, Taiwan. Institute of Oceanography,
National Taiwan University, Taipei 115, Taiwan. >Department of Life Science, Tunghai University, Taichung
407, Taiwan.
Keywords: Datan algal reef, Crustose coralline algal (CCA) , Taiwanese coral, Endangered species,

Conservation

Polycyathus chaishanensis (Lin, Kitahara, Tachikawa, Keshavmurthy & Chen 2012) is an
extant caryophyllid first observed in 1990 in a single tidal pool (<3 m in depth) containing less
than 50 small individual colonies at Chaishan, Kaohsiung, Taiwan. Due to its rarity and
vulnerability to anthropogenic disturbances, namely coastal development and pollution at the
holotype locality, it is listed as a highly-endangered species by the Taiwan Wildlife Act (COA
2017). Remarkably, a second population of P. chaishanensis, located at 150 - 170 cm below
average sea level and exposed to air during the monthly low tide, was discovered during a recent
biodiversity survey of the unique crustose coralline algal (CCA) reef in Taoyuan, Taiwan. The
colony size averaged 13.49 cm in diameter (n=29), and the range was between 3.3 to 27 cm,
similar to the holotype described from Chaishan. A third location with a massive colony of P.
chaishanensis, 110 cm long and 80 cm wide, was discovered at the southern Datan CCA reef
(N25.03898°, E121.04770°). This colony and other smaller colonies nearby lie on a CCA
platform surrounded by sand at 200 cm below average sea level, and are exposed to cold air
(12 °C) around sunrise during the annual spring low tide in winter. Exposure to high wave stress
and occasional exposure to low air temperature, combined with competition for space from
CCA suggests that P. chaishanensis might be adapted to highly-disturbed natural environments.
However, large-scale anthropogenic disturbance, such as recent approval of an environmental
impact assessment for the planned construction of a liquefied natural gas receiving terminal not
only threatens the unique ecosystem of the CCA reefs, but also raises great concerns over the

future survival of those endangered and giant P. chaishanensis colonies.
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