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Effects of CO,-induced seawater acidification on photosynthesis and calcification

in the coralline alga Corallina pilulifera
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Abstract: Increasing atmospheric CO, is causing global public concern and seabed sequestration is one possible method of
carbon reduction. However, studies on the potential risk of CO, leakage and its possible effects on the marine environment
are still very limited. To investigate such possible effects on sensitive marine organisms, coralline algae, Corallina
pilulifera, were cultured under controlled conditions: 20°C, 100umol photons m™ s™ and a light period of 12h. Three

treatments were set at acidities of pH 8.1, 6.8 and 5.5, by aerating natural seawater with pure gaseous CO,. After 24
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hours, photosynthesis and calcification rates of C. pilulifera cultured at different pH levels were determined. The rate of
photosynthetic carbon fixation was enhanced at the pH of 6.8 and was inhibited at the pH of 5.5, compared with the algae
grown in the seawater control (pH 8.1). The rate of calcified carbon fixation was depressed with decreasing pH, and even
exhibited a negative value [ (-2.53+0.57) mg C (gDW) ' h™'] at pH5.5. Additionally, with the decrease in pH, the
ratio of particulate inorganic carbon (PIC) to particulate organic carbon (POC) content in the algae, measured with a vario
TOC cube, decreased remarkably, which reflected the comprehensive effects of CO, —induced seawater acidification on
photosynthesis and calcification. Rapid light curves of algae cultured at different pH levels, which indicated the responses
of electron transport rates (ETR) in photosystem II (PS II) to irradiance, were determined by pulse amplitude modulated
chlorophyll fluorescence (PAM). The results showed that the photoinhibition term (a) increased with the decrease in pH,
indicating that algae grown at lower pH levels experience greater photoinhibition. The light saturation point (I, ) decreased
significantly under the CO,-induced acidification conditions, though a significant difference was not found between pH of
6.8 and 5.5. The initial slope of the rapid light curve (), reflecting the efficiency of the electron transport rate at low
irradiance , was lower at pH 5.5 than at the other two levels, while there was no significant difference between pH 8. 1 and
6.8 levels. The maximum relative electron transport rate (rETR, ) exhibited the highest value in algae cultured at pH 6.8
and the lowest at pH 5.5. According to these results, we concluded that CO,-induced seawater acidification noticeably
affected the photosynthesis and calcification of C. pilulifera, and different degrees of acidification caused different responses
of photosynthesis and calcification. At the lowest pH level (pH 5.5), both the photosynthesis and calcification of C.
pilulifera were significantly inhibited. These results provide a reference for studies on the risk of CO, leakage from seabed

sequestration methods on the physiology and ecology of marine coralline algae.
Key Words: CO, ; seawater acidification; Corallina pilulifera; photosynthesis; calcification; rapid light curves
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0.5 h Wiz Sa WAL KB K e T It L ER R MG ), S8 5 SR fd e — B0 MR TOL BB 46
UG SR 24 b A TSR, BURSREOGIER MR R 20 °C, JEHEERIE 100 pmol DG m™ 7 LT H N
12 h:12 h,
1.2 AFEEEFRFRTRE

SCENEE 3 NANE pH (E S 75 554 . 8. 1.6.8 F15.5,4% 3 AN FAT7, pH (I L br AL IE B pH 1T
(FE20, Mettler Toledo, Switzerland) MllzE, pH {H 8.1 FUALEL A FSRIEEIK 6.8 F15.5 11 pH {E & 7] F 2R 1K
FEAREE CO, AR AR, S pH RIS K pH (A2 Ak, Y pH 35S 55 (5 1k 78, A i
PRIEATHOK B SR B IR N 3 o/ L SGIRER FRAR I BRI 20 °C BRI 100 wmol G m™ s,
BN 12 h:12 hy B3R B2l pH {E,3 h N pH 8.1.6.8 H15.5 =ML PEAY pH {3571 1 0.4 .0.5 Hl
0.2 AHfr, RIMIEERG 3 h a4 A FEAYIE R 5 CO, AT Y pH 2IE 1U(E . 24 h J5 @ AR RIAEFET /)N
PR 006 S AR A ES AL
1.3 BN E MK iR AR R GE A Ly & 1 A

AR FEEE K B SBRUEE (T, ) i3 LA E {X ( DLLS , Mettler-Toledo, Switzerland ) BLEEINAE o WK 5
PR 2R G HA 3 f 5, SR TEALBVR E (TC) (A CO, JHCO3 F COT MR BE  ARAE T A4 T, A pH (B L)
FotgoK MR TR AN 25 Rl SR R S S R R CO,SYS BRI 31
1.4 AP i & aE

NI S AEAN R AL BT B 5% 24h J5 A HURE T 50 °C TR BET IR AFES O R , BRI 1. 0 mg 2245 T RE S R
R NS AT AR AR T A B B p e b U B2 88 TR S8 U IR 55 25 1F P IR 24 b, LIBR £
Al AR ICHLER (PIC) |, AR5 PR T RN E R A, Fp R il i 5 2023 Hr £ ( TOC/TND. Analyzer
vario TOC cube, Elemental Analysensysteme GmbH, Germany ) %€ , H A5 2N B0k & /&, Zoad iR 22 b B A FE
st U 2 445 R R AR oA R OREAR AL (POC) 25 i, R 28 IR S8 Ak 3R () it i) 295 SR Sy S B AURE 25 8 Wl 25 POC
Ak B A A R BURE TS ML (PIC) 5
1.5 B ERADEA HAR I E

G390 RE AN [R5 35 A5 T 1/ NI A E — S I ] AT Y (ARS8 3 ho) PIC il POC &5 8 (JHBR B 43 BT
W5E ) W28, FH PIC &5 A HE N AR R B n 5 AL [ B 48 (Cn ), POC 25 I 3G I AR R 7R G [ e 7
HR(Pn),
1.6 PREDER Hh 23R4T

BORFAME T B3 5% 24 h J5 WA RS AR 1 12 2 90OE L (XE-PAM, Walz, Germany ) B30 & A [F] 658
(1) P/ R SE 11 AR i 515 18 R (PETR) DGR B E 272 397,597 843 (1205 1638 ,2242 3060
pmol JF m™ s7'AF 8 ABREE AN L AL A OUHR T LR (rETR-I curve ) | RIVHRSEOE SO ih Zeid ik LR 24
KA GETR = I/ (al + 01 + ¢) , 3 a b e HEEL, o HICINHIIE , fQFRE B 714 3 78 Rk~ iy
SAMBIRLEE DG (1) T AZIERCR (o, BPRHEDE SN I R) IR R ) Rl K AL 8838 (rETR,,,,,)
I AR AR ARE L = (/)™ 50 = 1/¢5rETR,, = 1/[b + 2(ac)*” ],
1.7 geitotr

Fr A B R0 IR HEZE (n=3) , RN 505 229017 ( One-way ANOVA) Fil 1-K5 56 73 Br HE LA [F]
Qb PR (6] 1) 2 S 22 5 AR FFRCE SN P o= 0.05,
2 #R
2.1 MpKIKIRER RS

KR FEA CO, UM, TEREAR pH (B ARV, 2 MR WK B FRER 22 9T , v /K rh & Fh B AHLIRIE X
ARV B e A e A Sl FEA CO, TR FRIEE K pH {ECA 8. 1.6.8 15,5 458 3 D RESE 3 Bl B rp 25 M T ML B
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FREERY FTF, 5 ESRIEK (pH 8. 1) M, pH 6.8 il pH 5.5 ZEFR(K) TC W FE 43 THE T 29 26% F1382% , H
o, CO, VR EE A 5T 1 249 23 A5 480 4% ; HCOS YR BE 433l & T 249 17% F120% , IF H =3 Z A& A7 i 25 1
225 (P = 0.095) ;1 CO3™ B 3 B 7 2Rl i R R, i (161, 31+1. 77 ) wmol/L 43 S REARE (9. 27+0. 12)
pwmol/L F1(0.48+0. 01 ) wmol/L,

#1 7 pH EAME T KBE K5 &M S HRE (pmol/L)

Table 1 Concentrations of various components of seawater carbonate system under different pH levels

pH 8.1 pH 6.8 pH5.5
TC 2153.30+42.25" 2719.07+34.80" 10375.91+ 89.41°¢
Co, 16.65+0.61* 393.59+5.03" 8012.28+69.04°¢
HCO;3 1975.33+43.41° 2316.22+29. 65" 2363.16+20.36"
co%¥ 161.31+1.77¢ 9.27+0. 12" 0.48+0.01°¢

Rl —47 AR /NG FhE AR R R B Z A7 A B E 225 (P < 0.05)

2.2 EAERFDCEER

AN pH (G SR T /AN SE 9 5 AL R ADE G R R M B i 225 (B 1, A) . FiE pH {EY
FREARR, B A R ] RG> pH (E RS 5.5 B, 2RI A ((-2.53+0.57) mg C g™ T8 h™') , JLHAE
FHEE AR I AR B, 7 pH 6. 8 AR AR(H((5.96+0.44) mg C g7 TH h™') , [t pH 8. 1 B AYHA
THE T 29 53% 1 pH 5.5 ik B 5 /ME ((3.01£0.25) mg C g T8 h™'), [k pH 8. 1 I By HRFEK T 24
23% , AFEEEFREM P LERADEA R LLE I 1, B FiR 76 HRMEK pH 8.1 MR, 81k 5%
A HCRA LN (1. 14£0.28) B pH {ERFEAL, X — A B E WL (P = 0.007; P = 0.000) ,7E pH 6.8
1 pH 5.5 B} B FEAK 3 (0. 26+0. 08) F1( -0. 85+0.23) ,

H T ARG 2 554 /N 31 388 0 5 Ak R O &V FH B3 22 0] 19 22 5, (645 24 h 5537 5 L3R Y PIC
POC WA Z 3 T B AR, & SR LMWK 2 frn, pH 8.1 B, #ik PIC 1 POC & & HE A
(1.20+0.11) ,7E pH 6.8 Fl pH 5.5 MY ZAF T, 3X — o fH 235000 (1. 08+0.04) F1(0.85+0. 12) , 5 pH 8.1 M It
FR&T 10% F129%

— 10 L6
gz sl ? . K
g a < - a
- T
We o 4r ° 212t b
O g b Q
we 2k I S - c
£2 0 e T
et Bz osf
b 4@ =] .
§ B4l —aq g
% =
L 2~ .,’%_ g
o B _a R 04t
o B R —
Q
Rz 8.1 0
me | : 6.8 8.1 6.8 55
ﬁ"é T pH C pH
251
B2 FEpHEAZBHNBHEEEALZNBNENRSEN
E 1 [ pH EANIE T/NAE 59 BB ttfE
Fig. 1 Rate of carbon fixation in C. pilulifera cultured under Fig. 2 Ratio of PIC to POC in C. pilulifera cultured under
different pH levels different pH levels
REB/NG FREFIR AL BRI B A RF 22 R (P <0.05) ;8515 AR/ NE TR IR AL B A B A 2 (P <0.05) 5 lEZab
e B A 0 R RAL HEAE R 101 FefE o 1:1
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2.3 PuEOE RO thZk 120 gl
R pH A FHiFE 24 b 5 38 1 1 1k 4 225 o638

HTT A NI A Dt e S R 2k ZE AR TR B o g | ) ﬁ.. 45

[, 't 2R 5 11 P14 38 3 6t Rt A e 4 W 1 2 o

RS20 3) o S 5cn sk 2 s, B
B FRRAE pH B M FEAR, G 0E (o) B F 3K
(P =0.011; P = 0.000) , X ULHAFEAR pH (H 50 F 15
TR/ NI | S P A3 o 23R A7 B v R 1 1 o A
B AR pH (N R SRR, SRt AN A

FAXT LT A% M rETR
3

w
(=}
T

0 1 1 1 1 J

pH 6. 8 %[] 55 ﬁéﬁﬁﬁ*‘/&ﬁﬁ%‘@%ﬁ ( P = 0 700 1400 o 2100 2800 3500
0.186) (HHAR B FMLT pH 8. 1 AbFE(P = 0.041; P = Irradiance/ (mol m ™)
0.039), % pH 8. 1 ML TEE 1 70% Zedi, HLFA2185 B3 7R pH AN TR SE 0 SR S A

F(a)fE pH 8.1 F1 6.8 Z WA W E 25 (P=Fig. 3 rETR vs irradiance curves in C. pilulifera cultured under
0.882) ,{H pH 5.5 AbBHH R T2 78% , X F /R 7E{K  different pH levels

JGHR T, pH 5.5 b3 A A A% 38 i R I T 50 Ab

PSR R, e KHL 15356 AR TE pH 6. 8 WA B Si{H (97. 07+0.76) ,7E pH 5.5 AP b fz/N (38. 49+2.34)
ST pH (ERMEIR—E AR (pH 6.8) XA HL (38 s 3 AT GL A T pH 4R SEREMR (pH 5. 5) ,
LA 3o TR SR R4 il A

£2 AFE pH ELE T/NREE A IRE N KR &S HR

Table 2 Parameters of rETR vs irradiance curves in C. pilulifera cultured under different pH levels

pH 8.1 pH 6.8 pH 5.5
HAHITE (a) (5.32£2.96)x107a (4.94%1.70)x10™%h (2.00£0.00)x105¢
SetuAn s (1,)/ (wmol J&F m™2 s7) 5324.06+714.94 a 1579.70+39.04 b 1517.57+55.01 b
BB ACE (o) 0.09+0.01 a 0.0920.04 a 0.0220.00 b
FRAXS LB R (7ETR,,,) 61.16+11.45 a 97.07+0.76 b 38.49+2.34 ¢

[Fl—4T AR /NG Fhf EARF AR BUEZ W7 AE B E 225 (P < 0.05)

3 iR

AW g T AR K T FE CO, AR IEAR pH {H, LIRS, CO, IR B (8 251, FE M EERE b5
PWHEA R pH (B TR AAE T /NI i A VR RN AL P T iz, 2528 7R < $5 ALV B pH (BRI 52 5]
T, AR pH (8 6. 8 B2 B2 dE 76 pH 5.5 BRI,

CO, N KAIENEIK , TR R RGEAEAE IR B AR P4 . CO,(at) <CO,(aq) + H,0 & H,CO < HY
+ HCO & 2H" + COT . MM Alg /K CO, A5, fEFFAIR pH (EAY IR, & S BRI Hh R 404 A U, 51k
CO,(aq) JH*HI HCO; BRI, COT Ak B T [, RIS 2L CaCO, BH I AR

B g 1 PR 7 S E CO, e A PE RIS AT o e B L CO, I HCOS ey, #E ML
G A ML R, ARTESE ) B SRk AR v 78 A SR BE Y CO, , fif pH (BRI (WNFE 2 pH=6. 8) MY [RIET, 5
EHFRIGEK R CO, F HCOS AU BERE AN, 33 e A PR L T 5 50 AL ARy, DR S 380 1/l e e & 1
BTHRES . P UREE COXTILAE I B LA e SR R RN P Gl > (FUR: X Sefi s il id o, i
T RYEEFRIEK pH {HR AR 7.0 Zify XA g S 46 T 21 22 R R CO, ¥k i 15 5] 800—1000 ppmv 7
W0 T CO, MR ARSI B AL AE I AT R BT X3 pH AR 6.0 UR Y ARBFsehilad st A4l o,
SR pH (75 5.5, 4230 A0KAY pH (HF , WESERG— Y A B9 40 22 51 8600, 8 25 B 8110 5 HEE Rubisco
DB CO, M A HLI F B 22 PR I I AR 30 S0 B R I ), e & SO0/ NIBIE G & 1 O 0
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PEALMERTZAE CO,[EE Ky CaCO, 1 FE, CO, ¥ FE T % 55 A0 A T A 52 0 [ B b A7 7 e 40K AN [ 1) 308
Riebesell 551A CO, e BT 51 21K Hh CO3™ MR BEFN CaCO, TRLFITEE A REAIS , [RI A H ¥R BE T e, i 51 k2
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