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pCO;
*
1,2 1 1
(1. 510301; 2. 572000)
, (Acropora valida
Galaxea astreata  Favites abdita), 450patm  650patm(IPCC 2065
) 750patm(IPCC 2100 ) pCO, , CO,
10 s pCO, 650patm s
CO, > pCO, ,pH
5 pCOZ ) C02 s )
; pCOy; ; ;
P734 doi: 10.11693/hyhz20121221001
Vostok (Petit et al, 1999) , (Kleypas et al, 2000) ,CO3T
42 , CO, 180ppmv 280— (CaCO03) ,
300ppmv 10 (Gattuso et al, 1993; Elderfield,
, CO, 2002; Feely et al, 2004; Orr et al, 2005)
280ppmv 380ppmv, (Langdon et al, 2000) , CO,
CO, 560ppmv , 40%
) , CO,
(zooxanthellae)

(Mehrbach et al, 1973; Caldeira et al, 2003; Feely et al,

2009), CO, pH
0.12, (H"
30% CO, , 2100
pH 0.5,
8.2 7.7, H'
CO,
(CO, HCO;5 CO%) ,
CO, (pCO,) HCO; , COT
* ,2013CB956102

>

E

(Goiran et al, 1996;
Reynaud et al, 2003; Marubini et al, 2008),
5 C02
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Ey rETR pax/at >

40
450patm , 650patm(IPCC
1 2065 ) 750patm(IPCC 2100
)YIPCC, 2007) s 10 s
1.1 rCO;
(109°28'E, 18°13'N) CO, ,
) COZ pHa
pCOy
(Acroporidae) (Pocilloporidae) 1.3
(Poritidae), (Porites) 1.3.1 i /KEA S ) I YSI6920V2
(Acropora),
(Porites lutea)( ,2009) 6h , pH
(TA) CO,SYS Program(Pierrot
) et al, 2006), Mehrbach (1973)
Acropora valida Galaxea astreata Dickson  (1987) ,
Favites abdita (pCO,, COF, HCO3, Cco,’,
1h Qur)
“ - " 1.3.2 BRI AR - 2 3R 5O S HU il E
, 4 150cm>60cmx ,
80cm, 6500L/h, Mini-PAM(Walz,
26°C , 33 , 400W Effeltrich, Germany)
( 20000K) s 6:00—18:00 12h 20min,
, (Rapid Light
Curve, RLC), 7
1.2 Fy/Fq Dpsi qr
> NPQ a
pCO, 390patm, TETR ax Ey,
pCO; , 1
F1 RABBRHEEX
Tab.l Parameters and definitions of fluorescence
PSIT
Fo
FO’
R PSII
Fi
Fy'
F
Drsii (Fo'-F)/Fy' PSII
FulFn ( FoFo)/Fun PSII , PSII
qr (Fu'=F)/(Fn'=Fy) PS 11
NPQ (Fo—Fu')/Fy'
TETR nax RLC*
o RLC

*
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, Mini-PAM
2mm s pH 79 ,  pCO,
5.5mm, (Damping) (Gain) 950patm , 800patm
1 2 5:00 , 6h , 900patm,
3 ,
14
i 0] 11 1E S PEAS S0 R A Shapiro-Wilk 1) W A 2.2 pCoO,
Waih &, % Levene’s 2.2.1 RIS HCT BRI AL
pCO, 22,11 SEfRGE TR Oy SR E( 2a),
(one-way ANOVA), Student-Newman-Keuls(SNK) 650patm Dpgpp ,
Acropora valida  pCO,  450patm Dpgip
, Krusal-Wallis 0.70+0.07, 650patm (0.73+0.04)
pCO, (x*=9.3234, P=0.0095), 750patm Dpg11(0.72+
t ( 0.05) Galaxea astreata,
) pCO,  450patm 650patm Dpgyp
Pearson SAS 9.2 S 0.72, 750patm , Dpgy
(SAS Institute, Cary, NC) , 0.70+0.09(3’=10.1271, P=0.0063) Favites
0=0.05 abdita Dpgpy ,
450patm 0.58+0.12, (X*=124.9,
2 P<0.0001) 650patm (0.67+0.04),
2.1 750patm  (0.60+0.09)
2 2212 BOOGE TR FUF,
, ( 2b), Dpgpp , 650patm F./Fy
pCO, pH (P<0.05) , Favites abdita 2
( 3), , A. valida (*=65.1053,
, pCO,  450patm P<0.0001), pCO, 450 650  750patm F/Fy
650patm , pH 0.116—0.171; 0.66+0.03 0.73+0.02  0.69+0.03
pCO,  450patm 750patm , pH G. astreata, pCO,  450patm 650patm
0.180—0.250 pCO,  450patm F/Fy 0.72+0.02 0.75+0.02,
650patm  750patm , pH 0.118 0.183, 750patm 0.72+0.02, 450
750patm pCO, 450 750patm
1 pCO, pH , F. abdita F,/F, ,
, 650patm 0.68+0.02
*2 BREL#EXEAANEMEANIBRINEMEKSY
Tab.2 Comparison of seawater parameters between field monitoring and CO,-dosing control experiment
(°O) pCO,(patm) pH
2009.8 26.45+0.95 33.45+0.30 610+112 8.05+0.08
2010.11 25.3340.33 33.01£0.22 414+62 8.21+£0.05
2011.2 23.180.30 33.8620.06 428+48 8.15+0.05 (2011)
2011.4 25.03+0.58 34.07+0.38 511+49 8.11+0.04
450patm 27.10£0.70 33.27+0.19 444+22 8.10+0.02
2011.5 650patm 26.24+0.66 33.80+0.31 634+59 7.99+0.04
750patm 27.17£1.04 33.10+0.14 75697 7.9240.05
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1300 - o B 2213 REME a (20,
ed O m=pm
1100 o a pCO, , « , 750patm
B ERAFE B a 650patm , A. valida F
—~ 900 — &EXE .
£ 300 efe 5 abdita , 450patm a ,
=5
S ;gg R 0.19£0.02  0.16:0.02,
8 L
2 500k (x2=90.0233, P<0.0001) G. astreata, pCO,
ggg i 450patm 650patm , a
200 [y = ~9230.6*x*+230479"%-2E+06"X+5E+06 7 2214 JEEEERKRE gp (
o0 -R'=0.9838 2d), pCO,  750patm , gp
= 1 1 | | 1 1 Il ]
77 78 79 80 81 82 83 84 85 , A.valida 750patm qp 0.92+0.09,
pH 450patm (0.88+0.12) 650patm  (0.86%
1 ( ) ( ) 0.07)()(2:37.5829, P<0.0001) G. astreata,
( ) pCO; pH pCO; , 450patm 0.70+0.07
Fig.1 pCO; and pH concentrations of seawater in the Luhuitou +0.1 1+
Fringing Reef (dark cyan), incubation chamber 650uatm 0.73+0.10, 750patm 0.8
(blue) and other studies (red) 0.11 , G astreata  qp
0.85 a 0.85 b 0.32 c
0.80 |
0.75 0-80 0.28
0.70 o075
= 0.65 “LL\; 0.70 0.24
g 5
® 0.60 0.65 020
0.55 0.60
0.50 0.16
0.45 0.55
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650 750 450 650 750 450 650 750
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0 450 650 750
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2 pCO,
Fig.2 Comparison among mean fluorescence parameters in different pCO,
a. PS1I @Dpgp; b. PS 1T Fy/Fu; c. a; d. qr;
e. NPQ; f. TETRmax; g Ex



44 45
A. valida F. abdita s (x2=1.962, P=0.3749) G. astreata,
650patm qp 0.93+0.08, 450 pCO,  650patm 750patm , Ex
750patm  (x*=175.2057, P<0.0001) (F=5.50, P=0.0052) F abdita  pCO,
2.2.1.5 ARG K R EL NPQ ; 750patm , Ey
NPQ pCO, A.valida (X*=47.3661, P<0.0001)
650patm NPQ 0.63+0.15, 2.2.2
(*=92.0785, P<0.0001), 450  750patm 2.2.2.1 Acropora valida pCO,  450patm
G. astreata, pCO, , Acropora valida
NPQ 450patm 0.47+0.11 650patm ( 3a): &pgyy (R=0.9536, P<0.0001) F,/F,(R=—0.7954,
0.77+0.15, 750patm  0.90+0.15, P=0.0034) a(R=-0.6861, P=0.0197)
(x*=241.742, P<0.0001) F. abdita , , A. valida
NPQ 650uatm 0.97+0.13, FJ/F, NPQ pH (Fy/Fn
450patm  750patm NPQ R=0.4118, P=0.0067; NPQ R=0.4808, P=0.0013), NPQ
2.2.1.6 PR AL IE A TETR pCO; (R=-0.3588, P=0.0190),

( 29, pCO,  A. valida  F. abdita A.valida  F,/F,, NPQ pH
rETRmax ((*=33.1254, P<0.0001; y*= 2.2.2.2  Galaxea astreata Acropora valida
31.1395, P<0.0001) a , Avalida  450patm , Galaxea astreata  pCO,  450patm

,  650patm G astreata, , Dpspy (R=-0.7262, P=0.0114),
pCO,  450patm 750patm , tETR .« , (
pCO, , F abdita  rETR 3b) pH pCO, ,
450patm 100.3£20 750patm Fy/Fy pCO,
128.8425 (R=—0.6666, P=0.0251), pCO,
2.2.1.7 BIERMWAEES E ( G. astreata
2g), pCO,  A. valida  Ey 2.2.2.3 Favites abdita pCO,  450patm
5 38fe, AN D | | Bossse X W s || Soses J\/\/Wiiggf%
S-OB'N a /\W NN / /\W NN 1400 §
IS RS o v A sA |
e 080F
S SRS A || YT YT e~ A/ AN~
0.50
° ;Zé% VI S AANSA AA A
e 00T S ATNY Y
5 200F
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Fig.3 Fluctuations of fluorescence parameters in corals exposed to 450patm during the 10-day period
a: Acropora valida; b: Galaxea astreata; c: Favites abdita
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, Favites abdita

450patm  ( 4c)

( 3c¢): @psyy (R=—0.8127, P=0.0024) , pH
a(R=-0.8387, P=0.0013) , gp , 650patm
pH , (R=0.3712,
P=0.0155), 450patm F abdita  qp 2.2.4 R E T HIPEE L AR S e ' 2 K ) i 1,
pH 2.2.4.1 Acropora valida pCO, 750patm
2.2.3 , Acropora valida Dps;; (R=—0.6341,
2.2.3.1 Acropora valida 650uatm , Acropora P=0.0362) F./Fy(R=—0.8613, P=0.0007) a(R=-0.6149,
valida P=0.0441) )
( 4a): FJ/F,(R=—0.8613, P=0.0007) a(R=—0.8071,  450patm 450patm
P=0.0027), 450patm , ( 5a) , A. valida
F/Fn pH (R=0.6586, pH  pCO;
P=0.0275), A. valida F.JF,, 2.2.4.2 Galaxea astreata pCO,  450patm
pH , Galaxea astreata  pCO,
2.2.3.2 Galaxea astreata 450patm , ) Drsn (R=-0.7809, P=
Galaxea astreata  pCO,  650patm 0.0046), )
, . TETRu  Ex ( 5b) » Ppst - pH (R=0.5238,
(R=-0.65112, P=0.03; R=-0.82986, P=0.0004), pCO, (R=-0.4846, P=
P=0.00160), pH , 0.0011); , FJ/Fyn pH (R=
E. pCO, , G. astreata —-0.3143, P=0.0454), pCO, (R=0.3532,
pH ( 4b) P=0.0235), ,0 TETRux pCO,
2.2.3.3 Favites abdita A. valida , Favites (a: R=0.3591, P=0.0211; rETR ox: R=0.3178,
abdita  pCO,  650patm P=0.0429) pCO, 750patm ,
, F/Fn(R=-0.7297, P= G. astreata  Dpgyy pH , FJ/F, «
0.0108) a(R=-0.7080, P=0.0148) , TETR ax pCO,
E
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Fig.4 Fluctuations of fluorescence parameters in corals exposed to 650patm during the 10-day period
a: Acropora valida; b: Galaxea astreata; c: Favites abdita
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Fig.5 Fluctuations of fluorescence parameters in corals exposed to 750patm during the 10-day period
a: Acropora valida; b: Galaxea astreata; c: Favites abdita

2.2.4.3 Favites abdita
Favites abdita
( 5c¢): FJ/Fo(R=0.7111, P=0.0141)

pCO, ,

NPQ(R=-0.7755,

P=0.005) » Drsn FJ/Fn qp
NPQ pH S pCO,
pH ,  pCO,
pCO, F. abdita s
3
3.1 pCO,
pCOz 5
R 450patm 750patm
s pH 8.10+0.02 7.99+0.04,
7.92+0.05 pH pH

(Marubini et al, 1999),

(Gattuso et al, 2000; Jiang et al, 2005)
s COZ
, CO, >

D 5
2) CO,

(Kawaguti et al, 1948; Chalker et al,
1975),
(Leder et al, 1991)

>

, (Cohen et al, 2003)
: HCO3;
; CO(
)(Burris et al, 1983; Goiran et al, 1996),
HCO;3 (Wetis,
1993; Herfort et al, 2008; Marubini et al, 2008)
pCO;
) CO,
, CO;
CO, 100%, HCO3
14% (Kleypas et al, 2006); s
pCO, 450patm 750patm  , HCO3
1602umol/kg 1774pmol/kg, 10.6%,
pH 0.18 , H"
52%, pCO,
HCO; )
pCO, —7pH
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A. valida F,/F, NPQ pH ,
G astreata F,JF, CO,
R , pCO, ( 4, 450patm
pCO, 450 650 750patm , FJ/F, pCO, , 750patm
pCO, ,
, 650patm R s s a
Dpsy Fy/F  a( 2) TETRax 750patm pCO,
450  750patm pCO, F. abdita
, 650patm
, A. valida pH s pCO,
, FJ/F, a ( 3—5) 750patm , @psy Fy/Fn gp NPQ  pH
G. astreata Dpsi ( 3,5 rETRu S pCO, S
Ey (  4); F abdita a tETR,.. Ex
( 3—5) , , rETR ax
> Ex pCOy (4, CO,
R F. abdita
650patm s , pCO, G
s s pCO, astreata F. abdita , rETR . Fx
450patm 650patm, ,
R S , G. astreata
, pCO, — , D1y )
pCO, , pH pCO, s NPQ ,
CO, , 450patm , 4. , G
valida F,F, NPQ pH astreata ,
( 4),pH pCO, ; G. astreata
s ) 650 750patm
x4 WABES pH. pCOHBXMENI
Tab.4 Correlation between fluorescence parameters and pH or pCO,
Acropora valida Galaxea astreata Favites abdita
450patm 650patm  750patm 450patm 650patm 750patm 450patm 650patm 750patm
pH pCO, pH pCO, pH pCO, pH pCO, pH pCO, pH pCO, pH pCO, pH pCO, pH pCO;
Do + _ o 1 %
FJF,  + + —x - + + +* _x
a + +* _x 4%
av + + +* +* %
NPQ ¥ _ 4k 4% _x
TETR oy + + + - +
Ey + _ - e

+: ;= ¥
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1992 , Raven(1993) HCO3 CO,,
CO, , ,
HCO3 ,
pH CO, s
pH CO, >
(Giordano et al, 2005; Royal Society, 2005) , 2003
, pCO, pH (Montipora) (Pocillopora),
(Pelejero et al, 2010), (Porites) (Aeby et al, 2003)
, (2008) ,
, «“ ”, (32°C, 72h),
, 60.7%, Pavona decussata
(Portner, 2008) , 14.9% (2008)
, Acropora millepora R
, , Acropora pulchra
pCOy , ,
’ 4
3.2 )
pCO, ) >
A. valida pCO, s
, , CO,
G. astreata
, F. abdita @8] pCO, 650patm
(Pesn Fv/Fn @) pCO,  450patm
, 750patm
Hii (2010) pH ,
7.90 8.19 , 650patm ,
, Porites cylindrica
(2) , pCO,
, Galaxea fascicularis , Galaxea
astreata &psnp TETRc Ex
, pCO,
, G astreata F. abdita A. Acropora valida  Favites abdita
valida, (Ppsny Fy/Fn) « , pCO,
, Krief (2010)
> > (3) , pCO;
, pCOy
Ca*'-ATP Ca*", 450patm , Acropora valida Dpsy Fo/Fpy
, o 750patm, 450patm
, FJ/F, NPQ pH pCO,
CO, H'-ATP , pH ,
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750uatm , Galaxea astreata  FJ/F, o
rETR jnax pCO, s
pH Favites abdita
pCOz 5 COZ
5 ’ pCO2 5
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EXPERIMENTAL STUDY ON THE IMPACT OF OCEAN ACIDIFICATION ON
PHOTOSYNTHESIS EFFICIENCY IN SYMBIOTIC ZOOXANTHELLAE OF CORALS

ZHOU Jie"?, YU Ke-Fu', SHI Qi
(1. South China Institute of Oceanology, CAS, Guangzhou 510301, China,
2. Hainan Tropical Marine Biology Research Station, CAS, Sanya 572000, China)

Abstract Ocean acidification as a phenomenon of lowering pH in the ocean is believed caused by the increase in
concentration of CO, at atmosphere, and it has become a global concern on the environmental threat in recent year. Ocean
acidification has already threatened coral reefs and calcifying organisms. Indicated by latest forecast models and field data,
the consequences caused by ocean acidification may be much more severe than forecast previously. The objectives of this
short-term study are to investigate the viability of three ecologically important reef-building coral species, Acropora valida,
Galaxea astreata, and Favites abdita. Corals were exposed to high pCO, conditions, during which changes in
physiological parameters were monitored. Fragments of corals were kept for 10 days under controlled aquarium conditions
characterized by elevated pCO, conditions, i.e. pCO, values at 450, 650, and 750 patm. Fluorescence spectra show that the
gross photosynthetic efficiency was highest at 650 patm of pCO, in seawater. During 10-day experiments, with the time
lasting in the acidified seawater, parameters of fluorescence presented a tendency of decrease in diverse degrees, although
the responses of the three corals are not consistent with each other. When pCO, was low, acidification that controlled the
changes of zooxanthellae was stronger than fertilization induced by increasing CO,. As the pCO, increases, the fertilization
became apparent, coral assemblage started to fight against acidification for survival, leading to the variations of
fluorescence parameters.

Key words ocean acidification; pCO,; scleractinian coral; photosynthetic efficiency; acidification effect;

fertilization effect



