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Abstract

Gametes of Acropora hyacinthus were collected in situ in fiont of the Biological
Institute on Kuroshio (BIK) at Nishidomari, Otsuki Town, Kochi Prefecture in Japan on July 22,
2002. These gametes were fertilized, settled on artificial bases, and grew in the aquarium at BIK
for ca. one year and became two colonies of seedlings. These two seedlings were fixed on the

sea bed, and their growth records were collected.

The juvenile colonies of A. hyacinthus grew up to the encrusting form in the first year.
Colony A showed low growth speed 0f9.3 mm/year for four years as it could not obtain enough
sunlight as another, natural coral colony grew up over it. Afler the competing colony was
removed, growth speed increased greatly to 30.5 mm/year. Colony B showed a growth speed of
11.0 mm/year while kept in the aquarium. Afler Colony B was fixed on the seafloor on the
745th day fiom fertilization, growth speed increased to 49.2 mm/year, and the first gamete
spawning was observed on July 6, 2007 at the age of five years (1,810 days). This is the first
record of gamete spawning of an artificially bred colony of A. hyacinthus, and the second
record of gam ete spawning of any artifi cially bred colony of genus Acropora.

The growth speed of 4. hyacinthus was similar to A. japonica in Kushimoto,
Wakayama until four years fiom the frtilization, and became faster afier the fifth year. This
may be attributed to the differences ofcolony shape between these two species.

In this study, age of maturity was one year later and the maturity size was almost
twice as large as a previous study performed in the tropical Great Barrier Reefon A. hyacinthus.
The results of this study were similar with the maturity age and the maturity size of 4. japonica
in a previous study of breeding colonies at Kushimoto (33°N).
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P TOAETEFELIIRAIZH LIRS TE TS,

Loy L7 B, 2 < O FREGFNIRORAEN DIFESH AL LOEE L Vo T ERRO
TAIO LD, HDWVIFRZROEIA LT-BEHAICET 2 b0 TH- T, FELEY
YANRED LI ITEERER L, A XEJER L, IFECRAT S, Lo b iR
2R TEz, FRIFEEAEDE T > T2, BARENIZBW T ITDRAE
DB R B 2R 2 B2 L FEIIEF 2072 <L AT (2003) IZRE# ST v
WA Y > =F Pocillopora damicornis (Linnaeus 1758), ¥ /N3%% > 3 Caulastrea tumida
Matthai, 1928, A Y= 4k KU A > Acropora aff gemmifera (==7FK>I KU A
Acropora japonica Veron, 2000 (ZFFEFE) ) O 3 FEICE X2\, T D ) HEKESOREM
FLHA 2 ENTWDDIX, 1994 FFIZ=FR 2 2 KU A T2 KMENCEIESH, KERN (8
) B IO (6 ) CTEUBF DR 28152 L7241 (2001 5 2008) OFIDIHTH %,

WA ZERT Tl BFZERTRR S HE 21T > T2 1997 SEN DL 7 U NE I KU A &
Acropora hyacinthus (Dana 1846)% T, FEFTEMZICIT= 7 I R A&
Acropora solitaryensis Veron & Wallace, 1984 & T, B4 CTht S 7= BB 1 & £ HL
L. KFENTATHRBICEASE, FETHZ EICE VS OEERINOMLZ B L
THFFE 2 #E 1) T & 72 ($£ 2003; 2004a; 2004b; 20052; 2005b; 2007; - %4 2005; Hayashi &
Iwase 2006; #k© 2000; #E 2006; £#E S 2006, 1 2003a; 2003b; BFi5 2007a; 2007b;
2007c; Nozawa & Harrison 2007) ., ZiU5 2 fEix, FABEOIIEY » IREGICB VTR D
BETLEIRI FU A 2T AARTIEIRGES. TE, UMD 6 MRz 2T T o R
RIS oA LT (B « Veron 1995)

AlEl, 2002 G DIZEME AW CTER L7227 v Z X R A UHE % B4
R L TR el 7o & 2 A, ZOND 1 FHAT 5 5% 0 2007 F BB T O FH A3
BRI, Vo THEORAPHERTEZOT, S FIAVHEHIZOWTENT2 A D
FEkE LT, ToRBEWRET S,
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Materials and methods

BB DEEL

BB OFELEUL, 2002 45 7 H 22 A 21 B 40 45, & EnRIEZER R A BT 6T, B4
fFgeRT (X 1) HeoKGE 3~5 m OUFE CRAB -2 L7z > Z X KU A > ORt
WTAITo T2, BRINT. BRINER 2 BER ISR B Tl S 2 ORBR A BRI 2 TV (B
2003; Hayashi & Iwase 2006; 75l 2006) | £REX L 72 IPBR 2 EBREN TR S E510H 72
0. ZREREEO DO 3 FHALL L2 DERE L7903 2 F\ =, SRS S =47
PRERIE, PEIRE TR U HEIC LV EEH L T O SEBR = & CTER L 7=,

R OShAEDERE

50 pm 7 o L H — Tl L 72K A 7o L7225 8K 30 € OZKFEN T, 22 1R 15 43108
WUZZIPBE ARG « R L TR S, 273 Z I RU A 0T 1 OIS
7.0 fE DO YR REARAE & AL O R L 72K T3 E D HAL TR0 (HHl 2003a; 2003b) | 7KAH
WCINBEN R A R SN D LI E R FICoBEL TN A E Y | R b L%
2 B ICIREI N6 E D (BK 2004a; Hayashi & Iwase 2006)

ZREIN O FRE KA T KBS E R AK SN TV D U — X — R 22 L - TERIE
W EIRIER CKIRTH D 25~26 CREDOKIBIZIRS T2, 73 F I KU A DOk
WL HED BB L 48 BB CRESEE 28D T 7 X TR kEHD T 1 BfE
JET, KA IO TO 7S BT S M ONCHERYR IS 22 0 | KA RIS 1AL CaliEdk
THEIICRD, 7T R THAETAKMEICET Tk T2 & 91275 & EERE %S
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EOBRITHL ROND X D0 | Z ORI Y 72 il 2 KA TR 8T 5 & g
ALTHRY FIZERET S (A 2004a; Hayashi & Iwase 2006)
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Figure 1. Location ofthe study site
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ET D E T, PAELLERAKOKEE 713 Ic Tf77ﬁﬁjbt% eI
EELK?L% Eh A Y — 77/*?3“\7“C@£L“C?ﬁ‘%ﬁﬁb‘f\_(%2004a, Hayashi & Iwase
2006) .

ZHEININ D 7T X T EM E TN A~ORH Z B T D I KEE 21T 7203, %
AERERRAL 1O DT M K K D W IR KB B @Dﬁitﬁ%ﬁyﬁﬁ%ya::
PHEICLAZRE, Vo EOE R DS L —YP— 2 L BAFHENZ L o> TESI %ﬁ#
L=, fAHEAKICIE 50 pm 7 4 LK — fﬁ@btﬁﬁ@m%ﬁﬁb E VNG i
BB E Lz, ZOKMEIX 3 BREAZALANT A RT U TIZ i§)7k1‘gﬁ“§@%ﬁ>q:ﬁlJ 6
BBt 6 BFFE CHUT L, FHEICRe D EFBIICT I Y 50%0E L 7= KBS ASTH3
DWERBEDENIZEE L= (BF 2004b; Hayashi & Iwase 2006) .

V—7 %7 ~DBE) LR~ DOBREKR

ZHEND VARIZE K CHET 2 & BFERITER 1 ~3 am 2 EDOFERFEIC/R Y,
B IEERPER SN TEMBERNE T D, 2003 49 H OFESTEELTZDOIX 2 K
DI BHR L 2 BHAD G 3 BRI o 7223, |l — S Bl L CHAE L
72 2 BERITSE I A Lz72d, Tl 1 BHERE LTV, BB ZREHE A Gox 1 B
WiZo7=bm) | BEEZHEB GCiX2 BEZE 728 0) & L,

COREICHET D LB T L REORKE CRBENREICR Y | U =8O R
EOT VL=V T2 b L9275 B2 b0, BEHK AL 200349 A 15
FAZERIN U 72k DK ER) 3 m OFAHE EICBMGE L. BB 13 2003 429 A 29 HIZ
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FNFETOKRBEIHARTEY BRICEWERRE THD U —7 X 7 IZBE LT, KN &
OO E DEWEZ I L (BR 20052) , UV —T % 7 Lid, KR D HERER
U7 A B A BUE L, &Y T O A 7 5T E3E & ITAKENICE A S D/ D
RO S E SRR A A RS THBT T2 2 LIk o T, X0 BARIZIT WV ER
BExAMLEZLOTHD, ZZTHEALEZY—7X 07 DOKRKE SF2mx2mx0.5m T,
FHIIZ LD 5S0%EOE LIV —2RNICH 0 | FRFERE O KA ST b,

2B, BEHAR B IZOWT Y, B A RRE OBFEIZ L - T, 200448 H 5 BHIZHHK A
OB L= (FK 2005a) .

BAEHOR O FIET, WEIZ AT L ZABOR L &2 KRS RIZX>TRY i, #
EROFRIZH SN UDHITTBWRICHRL 2B L, AT v L AROF v K ThiD
fHiFCHEE L7 (B 2005a) .

D% =30k e: ]

FABBMGN DB LT 1 %D 2003 47 A 15 HLAFE, BERA R OBEARB 12OV T,
W RFE (longer diameter) & #E521HAE (projected area) % ik L7-, &R EMAEII S
BRZ A v — L TR OE ENSTOH NI AT TRE L SN EEN S 2
v a—Z@EE ECcHEEREH L,

R RVAVEOBREIIFEOMETH D LB 25 & BRICER <M H 5\ 138
IR O el /N AT RE T dh 5 (Glad Rlter er al. 1978 ; Harriott, V.J. 1999 ; Wallace 1985 72 &) .
F7 FEICKET 2 5k S 2 WITHEER O v 2 O R R I SAESAS R ORHA 2 15 5
72, FEROER (BR) ZiHI L CREZ T 2E1H 5 (HF] 2008 ; van Moorsel
1988 72 &) , AW THEAREROFHNZIT o 7223, WIRSCAFHORER L Z25M)
REBIC K VBRI T S & BHERSRE LTERE L T D Icb b bd
REVPBATLZENB LR, £70, 8K U A THOBEROIRITLT L HF5
M Cid7e < . BEREIC R 2 2 MK E T 5720, HBEIZL > UIBH T
DRI D bbb, D7D, BRI FUAVEHEWZ ELEROALZHWTEE
KY A ZOFEHE L + 2 L BHRDO AL DB Z SO U722 W A BEMEN & 2 72 6D | ARAFZE Tl
BRORRE EbICEZmEEZ L,

WEHfEE 1 THRLUCEIREZRD D Z LIk > T RI—EBEOMO¥EEEZH TS
ZENTED, KR TIEZ O E BOREHARD THER 228 (estimated radius)] & L THR
ROfEL Uz, #EFEREZHWD Z LICk 0, BERRICER 2 < BRO M e E %
—RATRDOTZENTED, 7o, EROBEOMELZ I RV A VEHEBHRO R E O FEHE
ELTERDLEBEFEOCHRE B RIRE L 72 5,

fHER
Results

BIEORE

TUNE I RY A2 FEHRIZOWT, 2008 FE F TORER#HKER 1 ITRLE, F
7o, RO 2501 (B LHEERBLOBEEHBEOHE 2K 2 IR LT,

EEEBOHEY o TORE SITELRK 0.8 mm OMET, Txl HIETIEE - - BEE
A OFEEEFEIT 0.5 mm” FLEE 2 EAD @IS L CCE-RMA B 1A Il mm* FREETH Y |
Z OIS A SCICHER L7 BEAR B OHERERITN 0.6 mm 1272 5,

FER A 132003 4F 9 A 15 HIZ 420 H4 THFSCHETHSC OHE R AR HICBRR L, B
KB IX 2003 59 A 29 HIC 434 BT —T7 X2 718 LT-, ZORETEIE A OHE
BT 6.5 mm, BE(R B OHERAT 15.8mm T, EEEBZONENS O ERIL.
BER A 23 6.1 mm, BEAB 2N 15.2mm & 2 (UL EDOENRH - 7.



HAY ASHI &W ASE. : GROW THAND M AIlURATONOF THE ARTRCAALLYBRED ACROPORAHY ACINHU S 19

SHICHHAB Tl, 204 4 8 H 5 A (745 B4) ICHER -£% 25.0 mm CHFZEAT#sE
DT EME FICBERRET 2 ETO) =72 7NICBIT 5 311 AMOKRERT #EH
HeE T 9.2mm DB E 7257~ [ UHREHIDOREAR A 13 747 A5 THEE4E 13.9mm Th
0. BN D 319 HRE O E EITHER T 7.9mm OHEME 720 | WEHKOKE
HWEIIRE 2o T,

F 1. 7K R A 2 NTEBERRHEO Rl R i gk
Table 1. Growth record ofartificially bred colonies of Acropora hyacinthus

colony A colony B
A | B[ RE | EROHEERE)| RE D ER O ERHE -
date agein| longest Eprojectedgestirmted longest Eprojectedg estimated remarks
day |diameteri area | radius |diameteri area i radius
(mm) | (mnt) { (mm) | (mm) { (mof) | (mm)

22-Jul-02 0 fertilization
15-Jul03 | 358 161
15-Aug-03 | 389 278 4601 12.1
15-Sep-03 | 420 15§ 1324 6.5 A: fixed on seafloor
23-Sep-03 | 428 141 113§ 6.0
29-Sep-03 | 434 15} 33§ 783} 15.8 | B: moved to reeftank
06-Oct03 | 441 16§ 125} 6.3
10Nov-03 [ 476 40f 8621 16.6
08-Dec-03 | 504 158 1321 6.5
29-Dec-03 | 525 P1598 7.1 41f 839 163
28-Jan04 | 555 P 172 74
05-Feb-04 | 563 43i 919} 17.1
24-Feb-04 | 582 fo187d 7.7 !
10-Apr04 [ 628 P 236! 8.7
10-May-04| 658 E313F 100
26-May-04| 674 i 338i 104 i
01-Jun-04 | 680 P 3441 105 578 13381 20.6
06-Jul-o4 | 715 i 5258 129
05-Aug-04 | 745 64i 1,963} 25.0 | B: fixed on seafloor
07-Aug-04 | 747 f609i 139
02-Sep-04 | 773 P 6681 146 67¢ 19951 252
08-Oct-04 | 809 i 8961 169 718 2,010 253
15-0ct04 [ 816 72} 24301 278
03-Nov-04 | 835 Po941i 173 73i 2,600} 28.8
22-Nov-04 | 854 fo1082f 186 748 2,828 30.0
06-Dec-04 | 868 P992f 17.8 80i 2,943 30.6
21Dec-04 | 883 PooLIs4] 192 84i 34001 329
27-Mar05 | 979 431 1,180 194 90i 3,863 35.1
15-Jul-05_ | 1,089 487 14781  21.7|  121f 7,542 49.0
23Nov-05 | 1,220 66i 24771  28.1 173} 12,6141 634
14-Mar-06 | 1,331 53 1,507i  21.9| 181 14496 67.9
22-Nov-06 | 1,584 286 39383i 1120
06-Jul-07 | 1,810 B: spawning
12-Jul-07 | 1816 66 2491 282 349 88454i 1678
10Nov-07 | 1,937 P32261 320 307i 112955 1896
08-Jul-08 | 2,178 P 102718 572 3208 137603F 2093
23-Jul-08 | 2,193 B: spawning
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Figure 2. Growth curve of Colony B by half of longer diameter, projected area, and
estimated radius methods. The longest diameter of the coral has become smaller as the
longest coral branch broke in July 2007. The estimated radii fiom the projected areas
were not as influenced by this event.
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722004 4E8 H 5 HE TOM 1ERORHAE A DRE 2R R OR L CEB TS
SR

y = 0.0254x -4.8745 (R*=0.9058)
[ CHIEI O KN CORER B O R ZHR R TR L TEMRA TERSE D &
y=0.0302x + 1.2083 (R*=0.9125)
LR RREEEIZEN T 0.025 & 0.030 mm/day, ERIRREEICHE TS L 9.3 & 11.0
mm/year CHIFH M CTRZERLS, BEOERN1ETEBLZ 2 om K& R EETH -
776

WA U 72K A Tl SWPEHETE > 728HE (KR 1a) 32 S E 0 MiE s
T EEREE S X FEMICERE L (B 1 o . —F5. KN TE- 7K B
1L, SRNIRER A & RERSEm R BEART 572 (AR 1b) 25, BER A 2T L AKE
ZARIE U TR R T DM 23 > 7 (AR 1 d) &

FEA B 132004 42 8 H 5 HICHARDUREIZBAEAGE S 41D & B 5T HEE 2 L
Too Wit DR ZHER PR TR L CEMR CTIELLEES &

y=0.1348x —87.742 (R* =0.9702)
L0 FRIOHREROMRE BICHE T 5 & 49.2 mm/year, FRICTHADO BN I X
Z10em K& R HEIZ/R T,
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—J7. BER A IXBAMCHOE ST HREEEIC R E 2 IZA 6T, 9.3 mm/year
BRE., IBEMICHEEOBERN/BLZ 2om KREL RAHEDOEEE o7,

R Z B U7 8 B, BB DI © RIRD 7 o E I RU A U REEEF
LCEY, 2005 FENOHET AREPIRAICHERA O ELFEE S LO5ITRE L,
B 2 h ZESROFHAD FICEHE A BENTW5, ET 2 ERHE A O BN ERICE
PNTEEST HBN0 05 LRS-, 2007 427 H. BEHE A ST 7047
HE0C, EHFEES WY IR MOGETIcE Lz, KR 2j O EIZGE>Tn5
MW L— M, R ADREELTWAEETH S,

ZDORER 2007 47 A LIBEORHR A DR ZHEF PR TR L TEMATER S ES &

y=0.0836x —126.11 (R*=0.955)
LY FEMOHEREROMRERICHE T 25 & 30.5 mm/year, FEMICHHAOBERENE X
Z6em KRELRDHMEREIZ/ZRD, BHAB OfE®REIZITOW-, £/-, E4EKRK E%E
B X IVICHE L TOWEBEERIE bR D KEATIEN D 7 onE 2 R Y A VARDIEREIC
7otz (KRR 21) .
BB D H

ZREND 1,810 BIZH725 2007 47 A 6 BIZ, BHELRADICAERT MO 7 g
I RU A VL FERFICER B BB -2 T 2 o B s, BE it~ S 6 A
#% 1,816 B, 2007 4 7 A 12 H OHIE T BHEDOERIT 349 mm, B EHEIT 88,454
mm?, HEEEEIT 167.8mm Th o 7o,

F72. 2,193 A2 H7=2 2008 £ 7 H 23 HIZIE 2 EH OEMBEFIH A3 R ST,
BB oo 15 B 2,178 Bt 2008 4 7 A 8 HIZHIE LA EARIX 320 mm
&L BHEORIERN D 27 mm FH<L e o TN b O, FEEEREIL 137,603 mm’ (ZHEN
L. #ERCERIT 209.3 mm IZEE LTz, BREBHED LI-oiE, 2007 40 H JEEE 2
£E 9 WIROEECTRARO O NTIN =720 TH 5,
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Figure 3. Growth record of the artificially bred colonies of Acropora hyacinthus and
approximated growth curves (on surviving colonies in 2008 ).
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B

Discussion

FEIZ X DRRRIEDED

T UNE I RU A OMERIE, BEND 1 FRFEE IS T ORI Z a7
% (b 2004b) . AWFIEICISIT DHHA A K OEHAB b, A4S 1 %0 2003 49 H
WX PR RHEAZ R L T (MR 1 a & b) , L UHEBICBRERGE L 72 FHE A
AR 1 L B, BeadHE VXS TR E AT (KR 1c & e) O
W2 LCL KN TS LI2BHA B 13 A MIZ L CLEmIcE T2 (Bl 1d) &
PREARVITHSY el

KN OBREIIIREAYSC V7 L —F—I3FEE T, BROEESL 2V, —J7, B
DOUWEHZITY » TOREESS T =B EE R S0 7 U —F =2 FE L, RO 2
HREWV, 2D XD REFEOEVBFRORERIIKREREEL X - RENRE D
NoDe LinL, 2 BEROREMOENL, FER B 2% 2004 2RISR R S 7%
HEMIMICOI > TR R b7z (IR 1 e & D o ZDTDRHATEOZER N HITK
FEHEE WO BRBEOEWVWE T NFERTE U EITESWEIN T, Bai0eERC, #HA B
b bl 2 EORY TRE L TERINTZEDOTHLHEH, HLVNIINLOES
HIZRAERNZ K2 DD TR E L7y, BRI 280 L CORERAVICIHRET L 72\,

B EEE
ARWFFENT BN T, WHTIRE R L 72 % OFEHK A CBEE B OICKR & 2R O ZEN
Ebf_o REAZZEZDNECTRER OO E DL, Bl LEEBEREOENRH L EEZ LD
. BER A ORCEDED o T JRIKIC i Mtz 2 R ORHA L OBA b > T D
<I: %K LD, FEFICF L7 X 91T, Bt L7 EICI I BRER IR iz & KERD &
UNE I R A VRHEARSBAEER Lfkb\%ﬁ#é£%ﬁwmzm5¢@ﬂaﬁﬂm
HERADLEFZES LOICHE Lic, ZOT-ORHE A IIRRICHEZR REEE 431
BHZENTET, EHEEMEFLIZLEE X BN D, 2007 47 HICHE A © LI

BLTWERRIHAEZBE L, BHE A SRR YD K5I Lize A, ik
HEEASRIFITHIIM L7z 2 & id, BEHR A OIRVAREEE O FE R FR B ERAR TH -
Tl L BRBLTND,

Harriott (1999) 1L MR & HIZI1T 2 RS HID 27 °N 225 32°8 OFIICERT DI R
UA B 10 FEIZHOWT, KR E Y TOREDOFIRAEE LD TND, £ X
% &K 20.5°C O Solitary Islands (Z2MN B 30° S) I2351F D Acropora valida 73
23.6 mm/year, A. cytherea 7% 20.9 mm/year, A. robusta 73 22.4 mm/year, -¥J/KiE 21°CD
Houtman Abrolhos (ZZM P8 & 28° S) IZ331F % A. formosa 7> 37-76 mm/year, Rottnest Island

(BEINPE 327 S)ITH T D 4. youngi ¥ 69.3 mm/year, *F-¥5)7ki.21.5°C ® Lord Howe Island

(ZL— bR T Y —731.5 S)IZHIFD A youngi 7% 49.4 mm/year T 5 L itHi S

TWab,

Glad lter et al. (1978)1%. AT L 72 IR EFLIH CTHIVTAKIRD @V TR o T DRk
FHENHNT L &R LTV D, AAFFEAT O 7 @R R A BT VA6 1T 32°46'N &
BRI D03, KIRIE 2003 AR5 2008 EOELT 21.9°CTH b | HEF LRI L DAk
Rl IXREIR A 78 31 mm/year, #EAB 28 49 mm/year TH -7, ¥ IO I > THk
RHEIIR D20 EBE2 60D, BMIZHKRT 52T TE RV, ZOREHE
IR KIE 20.5°C @ Solitary Islands (IZBWTZ 2 KU A & IS PR EME R
I A. cytherea X0 < | FEH/KIE 21-21.5°C D Houtman Abrolhos, Rottnest Island, Lord
Howe Island |24 B3 2 AR OHOWBIECR I NV A > L IZIEREFEOETH - 72,
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BET (2008) 1% 12 4ELL Fich= b =4 I NI A U N TBEREHAO R EGRE T~ L
’Cio . HbRESBHSTLHEORERN DRI LR EE TS L% 30 mm/year TH
%o AT (2008) DNRULTZT T ZICKRHIZED 7 2 Z I R A2 2 KO EZER,
RN BRANEAR T2 B Lo el 2 REICR LT DONK 4 TH D, KIFGED 7 2N
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Figure 4. Comparison of growth records ofAcropora japonica from Misaki (2008)

and A. hyacinthus in the present study (modified from Misaki 2008).
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KIAR 1 DR
Explanation of plate 1

:colony A 2003/09/15 420 days
:colony B 2003/09/29 434 days
:colony A 2004/08/07 747 days
:colony B 2004/08/05 745 days
:colony A 2004/12/21 883 days
:colony B 2004/12/21 883 days

- 0 o0 o

AR 2 DFLEA
Explanation of plate 2

:colony A 2007/07/12 1,816 days
:colony B 2007/07/12 1,816 days
:colony A 2008/07/13 2,183 days
:colony B 2008/07/13 2,183 days

— = 50
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