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Condition for mass spawning of scleractinian coral Acropora
in the Sekisei Lagoon, Ryukyu Islands

Shuichi Funwara! ", Daisuke Kezuka!, Hidenobu Isamvizu’, Shigeo TaBata! and Satoshi Nosma®

WRERD B TR, B L VN RBORMICME ST A2 A UM ICB T 2 EHY > I, I N A VEO—F IO LM 2 K %
RS 2720, NN, 3BT 2ZHINOWIRES (R v y) OBBHEHAPSORBHEBE DMK, RUBEA®
BB, MEHFEZHRE L. I, SAOMAOIHA 2HBZICEBIEEIN. 1T AL OEINE, Hi%%
14FE, F72, WO R 45 RERBISEZ 5720 $XToOMREINE, 5 HICH KD 260CEBLZ L LRI Y,
ZFIUIKEBE D 2-3 » AHilCh oo, —FENOLME, FEAKED 1.2x10%°C Pl E, #5804 8250.6%10° MJ m 2
PLEEHEE SN, IR DRLTWEIZS HodiH 0 L O HAN LR TH 5.

To determine the accurate period for mass spawning of Acropora coral in the Sekisei Lagoon, Ryukyu Islands, the rela-
tionship between observations of spawning and slicks and lunar phase, as well as accumulated water temperature and
solar radiation, was studied. Spawning was most often observed 3 days before to 2 days after the full moon in May.
Most spawning occurred between 1 and 4 h after sunset and between —1.0 and 4.5 h of the high tide. All spawning oc-
curred at a water temperature of 26°C in May, 2 to 3 months before the peak. The conditions of mass spawning in the
Sekisei Lagoon was estimated to occur at a water temperature and solar radiation of >1.2X10°°C and 0.6X10° MJ-m2,
respectively. The most probable period of spawning is around and on the full moon in May.

Key words: Acropora, mass spawning, lunar phase, accumulated water temperature, accumulated solar radiation
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Bkl tk, 2005).

ZD7=, 20024, HRBEAEREEZOR .2 HRIZ, B
BEAA 2 &0 HEW 0 FUR A GRS ASB 4G S L, 2006 4E D 5
F & LT v THEEREE iz v T O
AT T &7z, BRRENIL, W~ TREKRE (CUF
FEDR) Wit T 3y ZBERAZKICRE L, T
2RI HELE X (Okamoto et al., 2008), K TOH
BT, BRICEISh TS, 72, REROH LD
W, IR, WA FET 2RI oWRES (LT, A
Vo r) #REL, AKETHAICERLT, HRAICEE
BRLHWAEELITDN TS (BB LN BB %
P AR ES EARBRBE B, 2013). SO DEEZITH 9 2
T, R TR OBY) 70 A5 R B R, AR
WTIRAY v 73RERN 2 P52 LE0H Y, a0
PESNH % IEMEC A S LAk SN D, 7 VUl © bk
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FEFIAHE X B 5OV TIRIAS 2k 7o TV W,

TR, A=A FUTOTL—bF N T -
) — 7 O—HEOWFECHEH % 472, Harrison et al. (1984)
(3 1981-1982 FE DL T, £ { OMAFIFIZHEINT 2 Z &
LI L. 2D, Babcocketal. (1986) 1A ¥4
v TH105FEDBIEL %17\, Harrison and Wallace (1990) 7%,
A Y THOFAEREIIOWTE D, Z7L—b - N
7 ) =7 TOELL OWEOMER, HEINIWH D 4-5H%
\Z#2 & (Harrisonetal., 1984), HFEOHH S FTEOH D
BRI & 72 (Babcock et al., 1986) 7z EDHIEE S 1,
RHEA NI T2 RELERNTH S Z LAVRE N,

I FUA VBOREINCOWTIE, FKERY B3 B EL T
i, EWC56HDHMAOIHE-THBICERL TR &
(Hayashibara et al., 1993), ANEILFHERE T, 3LAL
OFEIES AOWAAEICER L TREZ 2 Z LWL 2ITE
7z (RG, 1994). AHETH, FIAES H oA
—FITH I 5 Z s 87z (Suzukietal,2011). I K
VA VIEOEINIIERIZEIRITH LI EPHMONTE
") (Hayashibara et al., 2004), HECH oo < AR L
TP L. 2L 0% 313, MEETIIHEE.5-4
TR ] o> G ) GLAZ E N U (Hayashibara et al., 1993), HE512
BWTHL L DI F) A VIEIIHEM ORI E L 72
(17T, 1994).

IR A VIR OFETIZMEHERER - BB o A pE
R ERED, NV PV EMFENSEMED H 72V % —7F
T 2FEANEF 2 S5 TWwW A (Guest et al., 2010).
F72, I FUAVIEOL S OFENFEFTL TNV PV
FTHMEMEFDS L menzBleTchs (Fib, 1999 ; Ik
M- %A, 2004). BB Shz00 & kB kt, AUy
7 &L, #IEE (Guestetal, 2010), HEAIZ X
FERETLIRLIFBIg SRS (RES, 2003).

DA D REINZ B 5§ 5 BIEEEIZOWTIE, KiRDS
HIFons. FFEETE, KEIFEHEICEATS5-6H1C
I YA VIEOMEINDEE X 72 (Hayashibara et al., 1993).
ZHFEFEINCSNT 5 3 FU A VRO ERIES 4
IR OB, SATELZVWLAA Ra»rsaHicEd 2
EMND, KEDO LA X 2B mE#E 2z SNz (N,
1999). —J7, KIRZEALDZ L\ 854 Tld, K& b d
HEE ofRI7REN, I FUA VEBOEINIED ) B H
BFSHAELC I { R AIRIIICH 2 % & L 72 (Penland et al.,
2004).

AIFZE T, AWENICBWTESETA2 INTI R
A2, WIFNFIFVAL Y, NFHHFINIALY, ZAF
FIFIVAVEEZELINIA VIBOFEN (A v
) O Kk, HEIHNAT) 21To7. B, BRER
WEHNETEZ 0D, RAO—FENEZTHLZ LI
FiREBE, EINH LA > S OB H K, BEKR, B
BB OB, EINEEL & R 1R & o AR A

5, EIORE 352 R L.

B &

HEES

FHH O, 1999-20124E123 A VIBDFEIRR A1) v &
Z MBI L 72 (Site A-O, Site 27), PR A ¥ — % v
b ETREEIN - A v Z AR 72, BB B0 7
A (Site 1), FA3HEPE (Site2), A EH T AL E (Site3)
DAL % Fig. 118 L7z, FRASHL T O KIS HER N 0 KR
10 m LRI E L T 5.
B, XUy URE
IFUAVIEOEIN, BETIE 4-8H OB,
FEALOMIZS HOMHMFEIZERL TR D (HH
1994 ; 811, Personal Communication), P % & J& 4 T,
5-8 H OB M H, 5-6 Homm A LTI 5
722 & 75 (Hayashibaraetal., 1993), g%~ 45H &
L7z BISEERIE, FI5EE Tl H 35 1.5-4 B o il w
\Zi2 2 ) (Hayashibaraetal., 1993), BEIZBWVWTH £
DIFIVA VIRIEBOFEFICEN L2250 (|
Hi, 1994), H&®iH S 23T TE H/N— L7
199920124 » 4 A T 4J-5 H k fJ, SiteE, G, LJ, K, N
(Fig. 1) 2BV, WHKHMAS I ) 4 V@ OmHIR
WORMEZITo72. TNEHEBRT L7 INTFIFY A T,
NFHYFIFIAL Y, a2¥EINIAL Y, FFNFTYI
R A 2 ORARD T ZBRIL, JH 0 BEIRI 2 < %
Kk Thb TORREDEIL, SHOWHR#3HIH,
HEW O 17TRE? S, F1IRHMIEIZI FY A VR0
RN 2 BKBIZE L7z, B8, N PRS2 TE
TeBERED DA, EINE CTHAE L TITo 72 EINREZENE I N
VA VIEDONY VORI SN T 7zkeiganr & Lz, #K
B DA OMIFNE, HEMRE S X T2 X 28605 TRIFOMH
HEATo 72 201020124E D 4 H T Aj—6 B BAJ, AWK HIC
Holethy IR L72Site N (Fig. 1) I2BWT, HBhk
AT (RVy v 7 AREY T 74 F WG &L
PeNFHH I F)A YR FNFHTFI N A OB
TAROM CICEE L, 20-30% Mk T L 7-Wef%n &
PHIERR % P72

W7 2w 7 3 EIE BT 5 2 £ A% L, B
ST 0B EDEICE RN R 2D, sECE
WTHR L HIZIIBISORE»BAT L 2 Loz snT
W ZERS (IRES, 2003), EINZOBRRE R IRES R
7N TWBAY v 7 3BIEHATHICEIN LA LTX
W, ZFZTAY v 7 BIgIE, RrbEEHE TofiEll
$oT, BELE MEPSOBMIETH S8, &
WCEoTEAY) v 7 DRRDBSEIT RS, eI ZE, H
MTESIHIOmM EE Lz AEEIICRMoB™IC
117,

B, A v 7 oOFyITHITOWTIE, 2009-2012 4,
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Figure 1.

Longitude (E)

Study sites for mass spawning of Acropora coral. A: North Reef; B: Kayama Channel; C: Yonara Channel; D: Shimobishi; E:

Milky Way; F: Asapie; F: Kanaraguchi; G: Sakuraguchi; H: Yuisaguchi; I: Uromagai; J: Katagua; K: Marugu, L; Urabishi; M: Off
Anadomari; N: East Moat of Kuro Island, O: Off Kuro Island Port. Name of Facilities: 1: Oceanographic Observation Buoy of Minis-
try of the Environment; 2: Ishigaki Port; 3: Ishigakijima Local Meteorological Observatory.

BRI v 7 ZAKKEE L, BIREAEELZOAMLI#ILE
T, AEY Y TD96%U L, FI999%H»I FU A4 V)ET
HHIEERERL: FHED, £5FR).
EICEADLIREER

FEINCEEG-9 % & SN A BBEERICIE, Hiw, Kk, HE
H, W% 23D 5 (Harrison and Wallace, 1990; Penland et al.,
2004). ENLHICHEEHZMA, UTFOHETT—5 %
K7z

RigiEmH o2 [Z XAD~R— ] (http:/koyomi.
vis.ne.jp/mainindex.htm) THI-X, I H O H 5 S O#%8
x5 LA 2 v ZI2OonTIIBIZHH $ TokE
HEZ R 7.

RSKIRIE, BREEE 472005 48 20 5 4 VA kW] 35 7 fr T
FHIL 727 — % (Onset. Hobo U22-001, 1[I T &) 205
BEIIESISE VD O & Wz, BRI, Tl (1999) 23kT
FETOMINTICHVZ3 1 B, #EIRH £ To22°C L
L OHFEHKREOREMEICL o7, AWEERICBVWTY,

AFERR O R, RS E & FIBRIC4 HED ST 2 & 2%
LNTWE72TH L (BRIEE UMM B FH BT RS B
SRERIEFB T, 2014).

B HHFRIZOWTO MBI E MEkDOE 27T, flE
BWHRERDOT =8 A RITOFR— A= (http:/
data kishou.go.jp/kaiyou/db/tide/) 2> ST, 3H 1 H 26
BRH £ ToORMEE RO T

W, RIEED T — % 2557 (hitp:/data.kishou.go.jp/
kaiyou/db/tide/) J N H RifgEET— % &~ % — (http://jdoss.
jodc.go.jp/cgi-bin/1997/tide_data.jp) DA T B BAG7 2.

HZEAZ, AHEBEOTF—%% [ZXAOR=V] 25

7.

B R

FESNEE

2005 4ELARE, BISHLAICB W, ATEEM CTHBT 5 2
UNT I YA T OPRBRN Z IO XD SERE (0:
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PR L, 1:Hfh, 22wyt ¥, 4% L
YY) TEIZL, il FoMBEIEDTOEY T
Ho.

2005 4F- © Bl s O IR ESTFIGMIE3.0 T, IO HLFAIZIE
FICHEA Tz, SH24 HOWH £ TIZEINT 5 & PRS
nr.

2006 4F © 2005 4F & A ERIC, TR O EHGTIEGR ISR, F
WIE3.0CTH o7z, SHIBHOWMAMNECENT LT
MEh.

2007 4F : FEHMEIZ 1.4 T, WOBAESG VN E D572
5 H2 Hodm A ToOEIR eI, kD6 H1HD
WA & PSS N

20104F @ “FIMlEIE 2.8 T, IHOBHUTIZIZIETI CTH - 72
SH28 HOWiH £ TIZEIT 5 Z L3 PRI N,

2011 4E P39l 12 2.9 T, 20104F & @ AEICIZIZIER T
Hotz. SHITHOWHMNETERT 22 & TFHI L
7z.

20124F @ FHEIL1.0 T, IWORAES VTN D72,
SH6H®MmH F TICHEINT 2 il w & PRSI 7z,

BISEE -3 HE ) X T TIRZEINH RGHT, € oo
PIIZ b B BREE K % Table 1 1ZR$. MEIIZT TS D
RN & 72, W H ORICHEIN L2013 1F, i A wiik
3 BHAEI, 2HH, 1HED, @H®ZE71 0 &2,
2HM 21, 4HZ2M, 9HE) Tho72. 20104F 1L H
D9 ARICIEINEBIZE L7245, ZNLSNEEH o3 ARl
SAHBIETICREZ., EA M F4051F, WMHDED
&b% -7z (Fig.2).

WERIREL],  H3RE] & RN & O BIR % Figs. 3, 4 1R

Table 1. Acropora spawning days obtained by the field observations in the Sekisei Lagoon from 1999 to 2012.

Nights Accumulated Accumulated
No. Date Time Site Depth Spawned coral™® before () water solar radiation
(m) or after full t(empg:rat)ug (x10° MJ-m™2) ***
moon x10°°C
1 May 4,1999 21:55t022:15 J  1to5 A hyacinthus, A. selago 4 — 0.92
2 May 18,2000 20:30 to 22:30 K 1to5 A florida, A. hyacinthus, 0 — 1.19
A. vaughani
3 May 19,2000 21:30 to 22:30 I 1to2 A florida, A. nasuta, 1 — 1.21
A. selago
4 May 20,2000 17:30 I 1to4 A. tenuis, 2 — 1.21
20:30 to 23:00 A. gemmifera, A. humilis,
A. hyacinthus, A. nasuta,
A. robusta, A. selago
5 May 17,2003 21:40 I 1to2 A selago 1 — 1.29
6 May 21,2005 22:05to22:10 J  1to4 A cytherea, A. formosa, =3 1.80 1.23
A. humilis, A. hyacinthus,
A. nasuta
7 May 24,2005 22:30 (infered) G 3to8 Branching and Tabular 0 1.93 1.29
Acropora
8 May 12,2006 23:00 (infered) E 1to2 A. hyacinthus -1 1.71 1.07
9 May 30,2007 22:00 J  1to4 A formosa -2 222 1.41
10 May 7,2010 22:30 N 4 A. nasuta transplanted 9 1.59 1.00
(settled on May 2004) ****
11 May 17,2011 22:30 N 4 A. nasuta transplanted 0 1.29 1.13
(settled on May 2004) ****
12 May 8,2012 22:40 N 2 A. selago transplanted 2 1.52 1.10
(settled on May 2006) ****
13 May 10,2012 22:30 N 4 A. nasuta transplanted 4 1.57 1.12

(settled on May 2004) ****

*Species name is referred from Nishihira & Veron (1995) and Uchida & Fukuda (1988a, b).
**Daily mean water temperature over 22.0°C is accumulated from March 1 to the spawning day.
**#*Daily solar radiation is accumulated from March 1 to the spawning day.
#EE*Spawning was recorded by automatically controlled camera.

THyphen in the table shows no data.

— 133 —



T —, TR, OKRFIE, MimEk %E B

N wW E) (&)]
1 1 1 ]

—
1

Number of spawning days

willll

-3-2-10 1 2 3 456 7 829
Nights before(=) or after full moon

o
I

Figure 2. Acropora spawning dates before (=) or after full
moon in the Sekisei Lagoon from 1999 to 2012. Data were
recorded by field observation.

L7z PEIREEZNE, 20004E5 H20H D7 A% 3 1) A4
¥ (A tenuis) % B E, 20:30-23:00 T, il O —1-+4.5
B Tdh o7z (Fig.3). F72, HEPSLWEY ALY I FY
AT RBRE, 1137RMTH o7 (Fig. 4). 4. tenuis 121
DI FVAVIBIZKYD, HEBEHZD17:30CEIN L 7.
2 THWERIL, AE¥E (Fig 1, Site2) OFREZT
AVERER O & 35 TR 5. AWML OBREEE i
FEERI 7 4 (Fig. 1, Site 1) DKM ER R X, 7
A MR ORI A -8 15 TH S (REAHH
SRBREEHBIT - W ThRR A 2010).

FER EKIRO BRI, 1-5 H £ ToH KR (Fig. 5)
L, RN (Tablel) I2OWTRLZ. EINIZTRT
26°CIZ#E L725 Ao AR & Tw b, Il H oK
P26°CLLTTHH-TH, HEINL D HHTICZ260CEZHZ T W
7. FERBKELE, 1.29%10°°C (20114F) —2.22x10°°C (2007
i) Th o7z BEHFE (Table 1) 1, 0.92x10° MJ-m™
(19994F) —1.41x10°MJ-m™2 (20074F) TH - 72,

WRMT—2 & LT, ANEENEESREICBIT 5,
19911994 4E D RESP S (BT, 1994 ; i REL >~ & —,
1995) Je ONHE LY > THELR 2175 325 (http:/homepage3.
nifty.com/sango-hozenkyou/) @ 2005-2010 4E @ i Ji 15 #t %
EH S OBIESERITIN 2 725 H 2 5 O f# H % Fig. 612
RLU7z I, WMHOHRE 5fF) T, KRWTinH
BIHRO2H (%41F) OIETEL, WHAPL2HBET
PEIBOHLTH o7, WHOm L BEIKT S L, WA
o (6fF) Xy diiHok (171 ICEIRTLZ LDl
INE ol mBFEVEINIMAR4H, &b IEBEVEI
Wi H %O H TH o 72 FRIKIEIZ 1.8X10°-2.0X10%°C A3
b4 < (Fig.7), A HEREIZOWTIE, 1.0x10°-1.5%
10° MI-m 2 S IC S hr o 72 (Fig. 8).
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Figure 3. Relationship between high tide and spawning time
obtained by observation. Y-axis shows hours from high tide
(0). Bar indicates duration of spawning.
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Figure 4. Relationship between sunset and spawning time ob-
tained by observation. Y-axis shows hours from sunset (0).
Bar indicates duration of spawning.
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DEPFETRTSATH - 72 20094E6 A T, i H %
5H, 6 HHICBIZE I N8, ZD1I2E, WHD6 Aain
L2HABOMIZALN, A1) v 7 BIEOE HIZEIEA
HolzLHBSNLOT, jiH OROEINT 14, G H o
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Figure 5. Mean daily water temperature between January and May. White circle: full moon day; Solid circle: spawning day.

(4fF), KWT3HAEE 1HEO#3MT, i3 Hui-1H
MAKEE LD (Fig. 9). FEHEHF®EIX0.63x10°-1.51x
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oz

FMAEHHREIZOWT, FHE L OBIEIC L oBlgEERE

MA72F—2%2FLDT, LA M FLATRTE (Fig 10),
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Figure 6. Acropora spawning dates before (=) or after full

moon between 1991 and 2012 recorded by one field observa-
tion, published data, and website of the Sekisei Lagoon.
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Figure 7. Frequency of accumulated water temperature in the
Sekisei Lagoon from March 1 to the spawning day of Acro-
pora. Daily mean water temperature over 26.0°C was used
for accumulation. Frequency was obtained from both field
observations and published data, and website of the Sekisei
Lagoon from 1991 to 2012.

MATHREETH 72, 2 v 271, EIEEI ) LR
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%5, ZOREE, REOBAKLD DR v 7 REIES
ThHoHZ L, TR UBEOREINEEL, AV v 7 2B
FTHIEEREL ozl Il BEEZ N ATHHE
MTHINIA VIES Y TOREIIMERN (Fig.6) &A1 v
7 ORI A (Fig.9) 2 o5& (Fig. 11), fHA ®
3HREIA S H 1 HEEAEINH O Th - 7-.
FEIRREANEZ K DI FU A VR T, HEBRI1-4RMT
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Figure 8. Frequency of accumulated daily solar radiation in
Ishigaki from March 1 to the spawning day of Acropora.
Frequency was obtained from field observations, published
data, and website of the Sekisei Lagoon from 1991 to 2012.
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BN EFMOEN T A2 (IR - #E, 2004), £< D
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1999).

FANLKAMCERT 29 v I e @mo I K1) 4 &
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Vo T,

I FUA VIBOREINE AROBRIZOVWTIE, F—Z b
) 7 W Solitary 7% 5 (30°S) DM I KU A S RHEE
£TX, AL OMBELRBERIEASN LD o7& O D
& 5 HY (Wilson and Harrison, 2003), AVHHEH TIZ I K1)
4 VIBOREINT AR B LT ATEEER X D
JEfy20dt s (26°11'N) OBz (BRMAE) Tl&, 13
LAEDI FUA VIEOEINZIH O3 HRET2 5 7 HIEIC
# Z 1) (Hayashibara et al., 1993), A VEAES £ 0 & IR
MIZE., oo I N4 VBOEIRE, vaE s
i (9°) TidimH »3-5 H#% (Bairdetal, 2001), 785
F (7°N) TiximiH ®6-7 H#% (Penland et al., 2004), {L7H
AU R TT7 (17°30'S) TUE, #HD5-13 A% (Carroll et
al., 2006) &, i H OGS % . A VEHER T H A
BHLT, ZNHERRDHRER L. TOHBE LT,
i H BRI 26°CICE L 722 &S Do 2 03D T
b5 (Fig. 5).

EESRDEER

AVEHER (24°N) TlX I FUA YROEINE, Kok D
w7578 (Mifi) X9 d2-3~ HuaiosH OKiii26°C
Dib) ok x, BE (26°N) TIEKiRAT26°C 2 2 %
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Table 2. Records of slick observation in the Sekisei Lagoon from 2003 to 2012.

AVEHEIC BT % 3 FUA YIRS T—A RN D&M

Nights before ~ Accumulated
. ) (Survey . (=) orafter  solar Tadiation to
Date (Survey period)  Time ime) Site (Survey area) Length full moon from previous day of
previous day of  observation
observation  (x10° MJ-m2)*
May 13,2003  (May 13to 14) 10:40  (08:00 to J (South of Taketomi I.) — —4 1.21
12:00)
May 13, 2003 14:50 [ —
May 14, 2003 11:50 K — -3 1.24
May 19,2005  (May 19t025) 09:30  (06:00 to (Between Ishigaki I. and Kuro 1.) 100 m -6 1.17
13:00)
May 21, 2005 11:20 C — -4 1.20
May 22, 2005 13:40 M — -3 1.23
May 23, 2005 09:00 to South of Taketomi I. 50-200 m -2 1.25
12:40
May 23, 2005 10:20 to H —
11:15
May 24, 2005 08:40 to Outside of site 2 50-200 m -1 1.28
08:50
May 9,2006 (May9to13) 10:15to (08:00 to F (Between Ishigaki I. and — -5 0.96
10:20  12:00) Taketomi I.)
May 9, 2006 10:25 East of Taketomi I. —
May 13, 2006 11:15 Outside of site 2 several hundred -1 1.07
meters
June 1,2007 (May 15to 16, 09:10  (08:00 to Off site 2 (Between Ishigaki I. and Aragu- — -1 1.43
30 to June 2) 16:00) suku L., Between Kabiraishizaki
and Urasoko Bay)
June 1,2007 09:40 L —
June 1,2007 09:50 (0] —
June 1,2007 09:55 Between Kuro and —
Aragusuku Is.
June 1,2007 10:15 South of Aragusku I. —
June 1, 2007 11:05 West off Aragusuku I. —
June 1,2007 11:55 Aragusku I. —
June 1,2007 15:30 (¢} —
May 11,2009** (May 10to 12) 08:00  (06:00 to Off site A (Between Aragusuku I. and several hundred 1 0.63
10:00) Taketomi 1., Around Taketomi meters
1., Off site A, Between Off site
A and Oganzaki, Sakieda Bay
and Nagura Bay)
June 7,2009  (June 7to 10)  12:00  (07:30 to South of Araguskul.  (South of Iriomote I., Aragusuku — -2 0.94
16:00) I. and Kuro I.)
June 14,2009  (June 14 to 15) 08:00  (07:30 to Outside of site 2 (South reef of Sekisei Lagoon) — 5 1.12
16:00)
June 15,2009 08:00 Outside of site 2 — 6 1.14
May 27,2010%* (‘May 26 to 31) 07:22  (06:00 to Off site A (Between Kuro I. and Taketomi L, — -2 1.34
10:00) Around Taketomi L, Off site A,
Nagura Bay, Between site A and
Oganzaki and Sakieda Bay)
May 16,2011** (May 15to 18) 06:47 to (06:00 to Between Taketomi and (Around Taketomi I. Nagura Bay, ~ over 100 m -2 1.10
08:23 10:00) Ishigaki Is., Off site Off site A, Between site A and
A Oganzaki and Sakieda Bay)
May 7,2012** (May 4to 10,17 08:30  (06:00 to East of Taketomi I. (Around Taketomi I. Nagura 100 m 0 1.05
to 22, 24 and 10:00) Bay, Off site A, Between site
June 1to 3) A and Oganzaki)
June 2,2012%* around West of Taketomi 1. over 100 m -3 1.51
08:30

*Daily solar radiation is accumulated from March 1to previous day of slick observation.
**Coral larvae from slick were collected and reared in the tank where CSD was deployed for their settlement. Most larvae was confirmed as Acropora after settlement

on CSD.
THyphen in the table shows no data.
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Figure 9. Acropora spawning dates before (=) or after full
moon between 2003 and 2012 inferred by field observations
in the Sekisei Lagoon. Slick was assumed to appear the day
after spawning.
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Figure 10. Frequency of accumulated daily solar radiation in
Ishigaki from March 1 to the spawning day of Acropora.
Frequency was obtained from field observations, published
data, and website of the Sekisei Lagoon from 2003 to 2012.

5H FA-6 A FAIZFEIR2%E % (Hayashibara et al., 1993),
NS DEDKBDOBAED 1-2 » HRTTH - 72. 1 VEHEH)
I0bM1r HENS. MEWETOKTE (32°46'N) T
&, ATEREM L D3 HEWO8HITE X 72, B
K (27.5°C) (XM AE O K T & - 72 (van Woesik, 1995).
PESROBENIL, BRI 5 IR VWIKIED EA2EN S
CE LR H LD, HERICBITS I Y A VIBOREY#E
Miix26°C Pl &% 2 b b (Baird etal., 2009a). {LFEHARY
A7 (17°30'S) THKIMAMAEIZZES3A LD D, 54
Ani-3» AaioKiE LA (26°CLL L) 2RI & 72
(Caroll et al., 2006). FEFAKIRIZDOWVWTH S &, £ VEHEN
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Figure 11. Frequency of Acropora spawning dates before (—)
or after full moon from spawning and slick data in the Seki-
sei Lagoon from 1991 to 2012.
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Figure 12. Relationship between spawning nights before (—)
or after full moon and accumulated water temperature.

TIE, 12X10°Cx B2 A5 HETH 5. Kinld4 HE? S
M EAZIBS, INPERMBORRERT LE 2
5N TWw5 (Babcock et al., 1986). FiE kil & FEINREY
MER%E A D &, REKBAEWIE LA N T 5 HEAE
B AEIADLT 2D NS (Fig. 12). 2 O,
FIEEICBVBTHREOONTWS (Fith, 1999).

—77, REBMED/NFF (7°19'N) TIE, HEHMEZBEIC
P A~ O LA & WA S O T R EI R Z -
7o, NT S TIIKIROELEII D% < (F2.5°0), Kk
Db HEHOEICHEIRT 5L ENTW5S (Penland et al.,
2004). fPEHEM TIIABMED © O TR IO WX
HONTRV, FRBFEO7 =7 (4°SHFIE) CTldKiRAs
KEZRTIBHICI FUA YEOEREINND - 7298
(Mangubhai and Harrison, 2006), #R#EIZHD {ITE D W,
KIAEZ B DS 72 T B 7280, FEINDFEVEIZIRA T 5 8
[a1%33% % (Oliver et al., 1988).
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Figure 13. Frequency of max diameter of settled coral on the
Coral Settlement Devices (CSD). CSD has deployed on the
reef bottom every April for producing coral seedlings and
sampled 2% every December for estimating coral settlement.
Max diameter has been measured for all CSDs used for sam-

pling.

R HEHRICOWTIE, 73T H 2B B EIHE (Pen-
land et al., 2004) T, KimZALH A % VBT EBIZ BT
K& D b HEHCER RS, HE OB (5.0-
6.0kwh-m2-day™’) &—%F¥5. L»L, NF3FDXH%
WA E B ), ATERENII KBEOBBI B T 5 72
O, PERKEOKE & K FEORHADM TENIE LT
<, BMETIX, HEOREZRODL I LIEZTE R\, HEY
DRI RIT T HEEZ SIS T 5720121, SHERH
YHECTHE T 5 LD 5.

—FE

KEBREI 2, —ROWEDSREIIBIT ALY ITD
B —FF B (Harrison and Wallace, 1990) &35 &, AV
MEMOI K4 VRN, FIUCEY L. KB
FEIE, MONLFHOBRLNARICEINL, X v

DFEEBAEONL L2 —FERET 5L, AVNHEN T
i, MEAKEAT1.2x10%C, FEHE HHm£70.6X10° MJ-m™2
Rl E, ZOFEMFICEHTS. ZLTIOLEMITET
L01%, 5sHOWMHKRNHATHEOETH 5.

FEPIZ 26°C 123 L2 IS 2 B 728, 5 H LLET I I3 A &
EZ N5, ANENE T coBgRic X, 4 DA
fHETIEEINEBIZE ST, SHOMH CREBPBIZE S
Tw5 (Okamoto et al., 2008). 6 H LAFED FEIN I DT,
AR 4 HICRE LB RE 08 » HigiH (20114F : 685
fEl, 20124F @ 8741, 20134F : 74148) 2B 2 HEIRYT ~
THROREC A N 7T AHHIERITH D Z L9 5, ]IS
—FEMPH 572 LTH, BEINIWTHALH LS
REEN5 (Fig 13).

EAEDZL—1F - N7 - ) =728 5%ETI,
BEAEDIFY A VIETEINNE, HAEOMIZLY
RBIRREDS R, ZoREZ2r AU RIS 5. F7-,
FEJRIREH] O WA bk 2 R BRI ZE AT b 5 A%, H i
L ZPEIENIEZ K DL THIRF SN TS (Baird et al.,
2009b).

Dk, ARRFZETIE, W v THEFAC IV 2 BEAAE 1 AR
D7D DOFW G & LT, mAOEINAE X 5 His, Kili,
HEHZOWTH S L2, S ofFHug, MnikiEo
WFRALICE T B 2 LI s RS,

B o A vu ki B AR RS REME R (RRE
TR ORIRERREAEHZ) K OTERE 2 TR - =
y) YTy —BBO®RI AL BRI 2w
7o, F7o, AR AR Y Y —OfET RS LIEA
et L Tnwz2wniz, T o Dy 2 120 < kH#
L7z, AWFed—&8, B354 o [ vak) B o AR TS
BT AT =5 HTTo /2.
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