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pCO, ( #7570 patm, 4 1300 patm ) LA K F 2 B Bl 18 F %t 4 22 B2 A W3 ( Acropora austera ) Fo % ] FE
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BN ERRAGHEEAMAGEEEFNT G TRA, AXEREW, BHA AT BT EFRL

RN T RAAMEERE, AGREAEE N AR ER WA NBELEMN .
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125 200 4F DI, WAL T 25 TR 2 26%~30%
1) CO,M 2, FECP- e KK )2 pH T FEIR BT 0.1;
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W (Pocilopora damicornis) W E5AL ' 64 1E FH0Y
Gt AR REEE X ISR T g
TR, BT R Sy R PR AR A 8 PR, D
A VRS . A A L AR A R

3T ) P R F R ] o 2SR R TRIR A
KE AU . BHE AR AR A0, HOC 8o 7 R 7T
T DR 28 1 3 B8 4 PR 7 5 3 A RIS B ) B AR S
k. I A BB A G I TR 2 R

el Ay I A Ao R e 7 o e A I B8 Al PR A K O A7,

X A 15 SR 35 1 22 R 32 i IR A K A A L R
E%X[wmo

TE AR A I AR v BEAE 0 FE A SR A N A R LR,

AT SHG 310 38907 31 0y S R I ) Al 2 ) 52 ) 2K T A B
peeo, BIE ST, K IS b T AT LA 0 4l B
AN BET AR AR AR, (g HE I (A 9 A2 K s A,
NS T 1A 8 AR, A ) A S R 4 AR T2
PR, T T A 2 AR I 38 320 30| 4l H o f 25 )
LRI R AT 4

TV TR AL A Ak — M IR i & A, HLoAinie A g, (5
B3 R BIR 50 22 4R 5 i E sl A B TR 3R A8 B2 ), T A4
FE W LR RN X I R W) R A O R
T A2 PR Al 41 PR 3 R B PRI SR, TS
iR Ay 39T B 00 A4 3 sk i B o T A TR A A 1B A ) i 1
B 28BN — A R AT S (R R, D e A B 5 3 o
TR AR | 1 A Pl JRE £ S 4 BT | A7 T B
APRATIE RS0, DA T P R 5 AR AL R 3 T D 3
B 4y VA b TS RN B A A2 B R A AT

2 ik

2.1 PEFEIR 4 HREMIEF

= Sk VI (18°12'N, 109°28'E)2 m /K IE
Ab, T 2016 4F 4 F 25 R 4E 4 BR 15 A I3 (A cro-
pora austera) F1 0 [0) B F I (A. intermedia) B9 WA
A, WS TR) ol S AN [] A A HE P G B0 R, IR A
HAZKEe, I TH A g G hE, REL R
28°C, PRAF A TELE L, BRI 1/3 Bhug K. fi]
MMM RIEE 6 d, T BEAMBI 4 RIEF
5 d(P R ARRE 1 d HEDE), BEBLPE L IE 20 g T 9 i
TR A BTS00 o SR AR RE 11 Sk Vg 3l D 7y 5 R i
e (A0 [C /K A 3, Hydrolithon onkodes ), 354 H:11) )
B4 0.50 cmx0.50 cmx0.30 em /)N F 1 Ay B 2 5k, 8 5%
5d AT A MR SR . A SRS R AR L HED
YIRIEE . WEERE LTS H AT LT
Prb Ay, ST AR Hh [ERL AR B i R A I

A W S 5 0 TN 5T K o
2.2 KIEEIT

SCH RS E 4 AT, 8 NG, S R
GEH VKT (24 W), /NELEE K ZE (600 L/h), Jin 4
B (50 W), I BE R ] 2% AR A e B S ALl . X IR A
5 (Ambient Temperature, AT) %K 28°C, iR BN
R ] Sk v Bl 2 2 FVRK 22 19 H 3 X IR Co, o ks
(Ambient CO,, AC)# N £ 500 patm, iy FE [ 3k 6 [X 5
M pCO,. LK 2H i (High Temperature, HT) % A
30°C, I B AR T R 00 Sk Vg B0t S 380 ) AR iy v L,
5 IPCC 5 5 YR IPA i 4 1000 A 20 5K 1 7K 3R 2 19 T
JEHs ETF 2~3°CH AH—F SE5 A pCO,B N2 1300 patm
(High CO,, HC), 7R IPCC F A {20 K pCO,., =&
5 4 DALV X B (ATAC), RAL4 (ATHC),
THIR 4 (HTAC) MFHE R L4 (HTHC).

AL HEL LA 7 4 20 mL 3% B 3% 550, 3% 3
TN T 5% A 3 G B v 2K R 1 R R R VR e i
4y Y WA R A [, K T R AR I 4 T 4
75 WY I B RN, B BB P A 20 AT BB A1 4
Hu, K v ] R A B 4 U T 3 AN B B IR N, B
AP PO 20 /> o TA] R A R A e O B ]
180 pm i 28 355 43 LA PR AIE 7K Yt 58 46, Bl BIL ik A AH 1 Ak
HGT . %)M 35 2 I8 Heyward FIl Negri® A9 457 3
] 4y o B A B A L SR T, A8 e L Ak H ik T AR
W6, FEHRAET G2 TE 24 h (N, B0 B9 B 4 H
REAET-09 3 d J5 Ge it WA I i 4 33 &) e B o5
BOHMAASEECH . MG R SCs RS 5 d, St P i
T IS R AT

SE ], 4K 08:00., 16:00 % 1 22 25500 £ 1Y
(Thermo, Orion 5-star) it iR & . pH. h [ 258 K 1
S H(3£ 1), id %X (Hobo) & 30 min ic 5% 1 K
FE, I B P AR RS . AP 1d RAE 10 50mL
g 7K AR, A 50 L 48R HeCL, #9216
B3 A A 0 A o VKRR I SR S A
FE 1YL (Apollo, AS-ALK2), SCHIEME Q... 1 pCO, 55
B THRR ] CO2SYS Rk o
23 HIERESSH

AT 5L RE 1 W B &) MU 4 % (Settlement Rate, SR).
FET- 2 (Mortality Rate, MR) X 4 /& F7 15 Z (Survival
Rate Post-settlement, SRP) 535l #% B8 DL T A =035

SR, = (m,/20) x 100%, (1)
MR, = (n,/20) x 100%, 2
SRP, = (p,/20) x 100%. 3

X, SRy MR, SRP, 53 i A3 -5 JEE ) SER0] 41y oh o
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Table 1 Experimental seawater conditions for each treatment
pise] T/C N pCO, /patm TA/umol kg ™' Qg
ATAC 27.95+0.92 32.98+0.70 8.05+0.07 571.90+14.53 2 224.85+19.43 2.37+0.03
ATHC 27.80+0.21 32.90+0.26 7.72+0.13 1338.43+43.87 2212.67+13.14 1.15+0.04
HTAC 30.35+0.80 33.23+0.61 8.05+0.10 576.77+16.76 2221.67+13.43 2.52+0.05
HTHC 30.05+0.76 33.18+0.31 7.75+0.15 1290.85+52.03 2 245.83+8.35 1.33+0.04

Vs B R A bR o KIS RO () ERBES). pH. LRI R (pCO,) . SR (Total Alkalinity, TA)YHISCA AR (Qurg)o

AR R LANEAETE R, moono p o 3 BIMER
1] 5P JRE A S B 2 HURREE | SR T R ARSI RO E o R
[F1] JEE 73 S 380 4 Hhe R 5 BE T AR K 4 IR 00 Sl

S N /N W =
SR, = (m,/20) x 100%, 4)
MR, = (n,/20) x 100%, (5)
SRP, = (p,/20) x 100%. (6)

K, SR, MR, SRP, 73 513 Hh 18] JEE 11 381 4y A Bf
B FET R NG 2, my ny. p, 53 B ]
RESA B4 B | BT Mg IR A TS SOH .

S 6 R B Ak B o A AR B2 MR SPSS
version 22, Excel 2013, SigmaPlot version 10 {4,
P R £ 01 40y SRR 3R L SR T A DL S I 4 AR A7
15 R XA 2 245981 (Two-way ANOVA) K5 56
REE . pCO, Z M) 5C F; LLREE N pCO, [l € ¥,
17T 3 35 &0y e B e L BT SR LA K I B Ay A A R A
A AR, p<0.05 S i MK,

3 4

31 HHEMESER
3.1 R AR R 4 R B S A

T Il R Ak 34 0] 87 B FEE £ I 30 &) B 2 R
EVER ), P Z AT B S HAEH . Rk A
FHEE, Zh U RN T 10.63%; i 5 2/ F i
4y OB R BEAIR T 8.75% i B AN IR 16 3 W] 7B I )
Al OB 2 R BRI I T 6.25% . R AR 1L 34
Xof TAT BRLJEE 1 JUHEA 4 e B0 TR TC S R R ), T 2 ()
W L HAEM . BR AR AE HI T, 4l AE T S
8T 9.37%; i B Hph A/ HI RS, 4l AE T 88 T
15.00%; I B AR AL 3L R4 FH I, 4 OB TR0 I =
X A2 ACF- (1 1)
3.2 v A I 4l dUREE S AR

ek R Ak 24 T v T G A I 38 40 B 2 R
EVER R, WA Z A B S HAE R . B AL A

FHISE, 40 0 BF 25 R BN T 5.00%; T 2R A FH I, 4
HUBH BRI T 20.00% 7 22 0 M &6 SR WoR, IR
Xof &y B 2 5 TG 2 M R ), (ER TR 4 B v 1)
I 4l RO R L IR AR I AL RV FH R, B R
PRI 25 BREH K- o T B8 RTRR A % v 1) JEE 71 30 34 4
LIV AR W EA S A INE R W SR (R
iz Ak B AR T, & ROBE T 638 in 15 JR R SR A
I, BB T 48 55 0] B AR 25 WRLEE RN Ak 3L W VE FH I, &)
HOBET 8 L] FE 20 B 1 4.20% (1] 1),
32 MERHEEFR
3.2.1 AR A IR AR A

A7 ERLJEE £ I D1 R A7 35 52 pCO, ERIUN 52 ) ik 5
(£ 2), HiRE MR Z BT R ENZEEN. R
2 3 AL AT P JEE AR I A A 715 3, IR A Ak FEREH R s
Tk T2 b A $HL 2 ) A A R 5% R 43 ) R I T 25.87%
H124.96%. HLAh, W EEXT 4l A AR 16 R 52 AN b 2,
T A BHLZH A A B A0 235 55 0 R ZELAE > (11 2)
3.2.2 (Al A I A AT

T 1 pCO, X v 18] JEE #1 S B8 4 1A A7 136 1) 5% i 3%
AN, PIE Z T B A AR . AR TR
Aub P ZH R b A 3 A 1) A7 T R 88 S [ R 1
ko FRALSAAMAE FHE, YA AE G RREAR T 32.14%; i
JE R I, SR A TE AR T 11.16%; 10 24 Tl
FIR A & U [R)VE FH I, 247305 2 Tt 2 5 00 HE 4]
A (L 2),

4 it

4.1 FHRFABRIL XIS RE A ML) BT & FFF AR &0

Vi 7K T2 Ak R T X T i A I 8 4 e B S RD A T
CHEZMUE, BHEW LS —-8ie . flm,
Nozawa il Harrison"! FI VL85 5509 0 58 & 37 i
(+3°C) £ o E L = 0 P AU (4. robusta. A. solitary-
ensis) 45 d, 7 d BIBHAE A8 IR R TR D o T i
Tl A7 T ) 4y e B R A TS R 0 R R 9 B AR i 4
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Fig. 1 Percentages of settlement and larval mortality of two species of scleractinian coral larvae at different conditions

x2 VWEEFESNER: BE. pCO, MMM RMEE, RTERMERFEHNRMN
Table 2 Results of two-way ANOV As testing the effects of elevated temperature, pCO, on the percentages of settlement, mortality,

post-settlement survival of two coral species

B ASES [EEoE=S vl H HE Y75 Fotil i P
] B 1) S )y e 2 3 TR 0.034 1 0.034 0.715 0.405
pH 0.131 1 0.131 2.727 0.110
TR FlpH 0.004 1 0.004 0.079 0.780
R 1.348 28 0.048
o i A1 U 4 R B R 0.046 1 0.046 1277 0.272
pH 0.023 1 0.023 0.651 0.429
TR FlpH 0.076 1 0.076 2.111 0.162
R 0.720 20 0.036
] B8 1) )y e gE T R 0.125 1 0.125 2.757 0.108
pH 0.113 1 0.113 2.488 0.126
TR FlpH 0.005 1 0.005 0.110 0.742
R 1.269 28 0.045
o R A I A R SE T R 0.004 1 0.004 0.066 0.800
pH 0.027 1 0.027 0.468 0.502
TR FlpH 0.002 1 0.002 0.029 0.866
R 1.139 20 0.057
a7 PP RE A A PR AT % 5 6.1x107° 1 6.1x107° 0.001 0.979
pH 0.470 1 0.470 5.424 0.028
TR FlpH 0.001 1 0.001 0.013 0.912
R 2.342 27 0.087
o i R A1 I S A R 0.046 1 0.046 0.411 0.530
pH 0.067 1 0.067 0.592 0.452
TR FlpH 0.219 1 0.219 1.934 0.182

2= 1.922 17 0.113
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Fig.2 Percentages of survival of two species of scleractinian

coral juvenile at different conditions

PO JEE A B (AL palmata) % UETHER (+3.59C) 140
h 5 B G SRR 2SR R[] — b A A
a4 By, AN TR W90 45 R Z B AR TE 25 7 o T )
(Porites astreoides) %) ML AE FH R (+5°C) 24 h JFFET- %
Bk 3.7 F50%, T PR (+3.5°C) 68 h 5 A W 1 A4
WAL TP, ¥ B (Favia fragum) 4 B 7E 31°C
(+3°C) K37 48 h, 4 HUAF G R B B W AR AL, T 8s 57
156 h JE @ A7 R TR T 13%", AR R R
2.5°C {4 TR A 52 W T R A SRR 3 d o R BRS3E AD
FEE , DO TR i 288 1) S 391 &0y HOxor 23 o) S0 A s
AN, A ARl 2R S 1, e SRS 4 ol mT AR e iR
038 (31°C) K3k 48 h, {H 4] Y171 28 25 Bt & A
[B] (K38 I (151~ 196 h) 1 B St FAEARR ) 158 ISP ot 26
K FH R BE | IR Y Ry s e SR W R . 53 A, 455K
Sl A R BB A —, ARSI FIL 55 1
SRR R R E 2 5~8 d 4 1L, Randall Fl Sz-
mant™ SRR LZE AL 1 d gl ITUAFR AR
it 359 ) 4y SRR B TR EE 38 B e T AN [R]

1% Ak XoF 3 351 4 s B 3 6 RA 37 23R 5 I 1) A 9 AL
S AR A SLE 45 R . Doropoulos Fl Diaz-pulido®”
MRk, 3 dERIL AL B (447 patm, 705 patm,
1 214 patm) 23 FEAG AL BE A I (4. selago) 41 HL (¥ B
EAR L RIS & B pH (A FEAR 0.3( M\ pH 7.9 #|
pH 7.6) 23 I 2 W AR FE A AT 30380 4 1 B 3 4507 iR
A T IR TE E A B (A. digitifera) B AFIE R 7 d
Ji Mk 60%(pH 8.0) T F# % 33%(pH 7.6), {Hiz 1k (pH
7.6, pH 7.3) % 2K FE A ] (A. tenuis) %) HUAF I 22T
B S S S AR5 R BR Ak I AN S i T A R A
Wi a3 d NIREE ARG . DL EBIFSE 4 2R A 2 S
F L BT, 150 BT AN [ 6% 303 4 ek R Ak ) me) R AN —
0, W14 ok R Al WA FE R SRR e . BRG]

SCHR HPRT T T B R B DR 3R % i A I 4
B . AEIG 02, 1 AN BB A 3R SE PR K A S R 45
AR o

58 2 0, I AR Ak LR 2= D3 (R AR FH OGP 4 2 i
T A S ) ) OB A SRR R B 2 B, IR TR Ak
(+1°C, +400 patm; +2J 3°C, £ 900 patm ) XJ [ & Th 5%
W3 (Porites panamensis) " F by e JEE A1 W (4. spici-
Sera) P &)y U I S A AN 2 o S [ FR E E RT R
1£.(29°C, 635 patm; 30.5°C, 845 patm) X JEE £ #F 1 JH 3]
41 SEUAE I S R B 2 00 AR SRR 25 R R, THELRT
TR Ak X T o S 0 3 40y e B0 3 RN 35 S e AN (B 3, ]
FIE 2 B 01 Sk v dul 52 2 H 2803 A8 A B 3 K™, 5 2% 3 m
KR A 8 i 38 BE T 5K 32,17 °C (R ke R B ), fR R T
SR T I B B AR IE N o A SESRIESE, WA B
A %) P 85 28 17 4 2 e JHG O ARO6E BRBE 38 g 1oz, B
PARAE R
4.2 FHRINER L XIS HE A W4 AR T7F7E B S

T R A7 TR VR 4 2 2 et — s W R R O, B
AR I R0, TR A AT A 2% B 4 4 7 A AN
FI S, A SCRFFE A5 SRR BT, B2 1k (29 1 300 patm)
el 7 BRL FEE AR M 4 A A R TR R N L v
A B &)y 1A A7 1% % Bl 5 1R £k (560 patm., 800 patm) &
JE PR 14 T e 3 AR R, iR K (896 patm, 1 681 patm)
A 23400 1) G £ AT S 50 40 4 140 805 A 12, i P v iR AT
DL 28 fift TR A 6T RE £ PR TE SIE9 4 4 85 16 ) 5 i 1, iy
TASCEE R BR85S 4817,
Bt AT A R A B A G5 AL 5200 . T Anlauf 554 &
BT MR 1L (29.5°C . pH 7.83) 54, JEE 1 AR TE 3
B4R ) A ) R AIG 28% 0 ARSI WoR, 1k
(1300 patm) X i 5 J5 A1 39 &) A4 A7 06 A W 3 1k 5
M), T % b (] SR A 30580 400 K A 0 T b 352 0, 10 B R
AT 0 B 01 4K 0 5 W £ AE P 2R R S v B IR LR
JEE RN, SIS0 4 A A S 3R R Bl PR A 1 FLIR S 4 A
BEAG, ] T B L R g A s, YR SE T R
WRI N AR AR ), T8 1 AR K T RS
FEBET RGN, J Ak, A sk AR, IR 1k
A] LS 22 FLRE £6 I (4. millepora). 46T JE ff S35
LR R 5L R 3R 0, I 1] DU 55 45 4k AH OC Y 36 1
PR, JLHJE S Ca>' ., HCO® §412 AH 5 (1 3£ [H 1+, ]
T 77 HE N TR 6 52 e, 490 0 S 80 40 A ) A= 4

5 45

WFE & B THE (+25 2.5°C) ARk (£ 1 300 patm)
X = JEE 1] Sk YA dui 7 PSR I 391 R o [ R £ T 351 40
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Effects of ocean acidification and warming on the larvae settlement and
post-settlement survival of two reef-building corals

Sun Youfang'**, Jiang Lei'?, Lei Xinming'?, Zhang Yuyang'?, Yu Xiaolei'**, Huang Hui '**

(1. Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology, Chinese Academy of Sciences,
Guangzhou 510301, China; 2. Guangdong Provincial Key Laboratory of Applied Marine Biology, South China Sea Institute of Oceanology,
Chinese Academy of Sciences, Guangzhou 510301, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Tropic-
al Marine Biological Research Station in Hainan, Chinese Academy of Sciences, Sanya 572000, China)

Abstract: Ocean acidification and warming are occurring globally through increasing CO, absorption into the
oceans, and impose two serious and imminent threats to the persistence of scleractinian corals and the reef ecosys-
tem they construct. To evaluate the effects of ocean acidification and warming on the early life stages of the reef-
building corals Acropora austera and A. intermedia, their larvae were incubated at a full cross design of two temper-
atures (about 28°C, about 30°C) and pCO, (about 570 patm, about 1 300 patm) for 8 d. There were no significant dif-
ferences in rates of settlement. Larval mortality rates of two reef-building corals were unaffected in any treatments.
High pCO, significantly reduced post-settlement survival of 4. austera but not 4. intermedia, with a 25.87% reduc-
tion in post-settlement survival in high pCO, compared to control. Our results show that larvae settlement and mor-
tality rates of the reef-building corals A. austera and A. intermedia were unaffected by ocean acidification and
warming, and high pCO, are more detrimental to mortality rates of juvenile A. austera than high temperature. Dif-
ferent species of juvenile corals exhibit species-specific response to ocean acidification and warming, with import-
ant implications for coral recruitment and even species structure composition of reef-building corals in the future

occan.

Key words: ocean acidification and warming; coral; larvae settlement rates; mortality; post-settlement survival



