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AR T 7.3% 9.3% 19.8% \16.5% #1 18.7% . & CO, AL Hiix X3 8 h £ R K& A b1
FHEF/F,, LR RE (a) Ik KA 8T &% % (GETR,, )# B F & TEW CO, &
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7 OBt R AR JF BSR4 K
18 22 RS 52 SR S A A R W 7 33 RE X 4 i 42 5%
R ARS R P B — s A B 1

R ik

1.1 SEI##

SRR B H 22RO UR T R AR I B AT
FOCR AL 7 J5 AT % N B 3 304, DR A7 Tl Sk R 2
1.2 SL®WH*E

CO, R E =4 B3I 4t B 37 30 18] 3 5
CO, SGHE S 37 46 (HP1000G-D, ik 3L 4 Ky ) % & P
A~ CO, WeBEMR B, 43 il & BLAE KA IEH Y CO,
e JiE (LC:390 ppmv) FIAR 45 ATF1 Fl 7 21 {42
HRPrLEY CO, W HE(HC:1 000 ppmv) " F4>
AFRIE 3 AT, 24 hogE SR A 2y 300
mL/min, 5% 5% 1] 6] 55 35 56 Il B E S 20 C L6
BESREE Jy 70 wmol/ (m® - s) , G JE A 12 h: 12 h,
F Aquil JE B E 1Y K B R (FhEE 35) 1
F A 24 NI A — R R B 3R 10 d
17525

pH Baf i 3k e ml 2 AE 10 d E R
FEHIEIR 1 d Jl5E & CO, MIEH CO, BEiAREFA T
HE pH KB FRA Y pCO, &4, pH fili ] Mettler
Toledo DL15 Titrator( Sweden ) pH i1 #4701 & , T &
Z Hiif#i [} NBS (National Bureau of Standards ) 2 i
HATALIE . BRIRER R G CO, SYS #ff,
TECRIERFE BEIREL FERRER M EE 6] pH J% pCO,
PIZEOEAT B, b E 6 K, F1 K, 2
Roy %" K, Z:8 Dickson' "',

A KR R el AR A2 4 3 % (RGR) A
Pa T A A XK A RGR =100 x (LnN, - LnN, )/t
Hop N, O3S ¢ RIEEEE N, ) 46 b 1

& F A BOK A i (UVACs) #9 al 2 B
K#50.02 g BEMARE T 3 mL (i H g it A4 Tk
R, 2R 2 RIBUH FH 23606 BE THI 7 i IO 42 %
BERIWOEAE . 4% a i & s Porra ™ 4303
SR N F A & i HUE Parsons 251 A R
. UVACs [y 7 1 | J& 2 i Helbling 24 2 3t
FE AR UVACS Wi 1 U6 1 15 9 fef 2 )
{E KA # 7R UVACs 15 6

Mt a(pg/mL) =16.29 x (Ag,
8.54 x (A, —~Ary)

_A750) -

K ] (pe/mL) =7.6 x [ (A
1.49 x (A —Asgy) ]

PEELWEE % 0 E AR LT A0 3R U
T b BRAGHEAR L 0. 1 g TERFBR NI — 2 1) £
Yeb R/ pH O 6.8 FEIR 2% il K B RIS 22
513K, M%) 8 mL [ ZE thil 4 CF 10 000 r/min
B0 10 min, BT, B 5 20060 BE I
Ayss Asgy Ay A Tl A 1o BB Y5 3= 2
Beer 2" A SAHHE, AT

PE = [ (A, —Ay,) - (A,
0.12

PC =[ (A
0.15

R RS R HRRIOCH T IAL
TEBERIE I N 15 min 5 58 1 4T ko i ¢ S AL
(XE-PAM, Walz, &[H) il %€ , {6 T #9065 W #h £k
HAESGHR B B2 Ky 76 pmol/ (m” - s) (K5 IR K
) L G YOG T il O A ' 9 R R E O 533
- ) (A AR AR AKE) A Akt R
95 000 wmol/ (m® - s) , { ik v i 1] 352 22
0.8 s, B —2 Y5 T IR R LYFFEE 250 s, I 1 L
PR 2 i 0 2 a AR B S AR O T R 9
FOE G 25 T — Ak o, M2 & WA CO, /KR
HERRYOCIE F, RIS TEA O T 5= &R 10 s
2T — AR DU OGIE T MR R EGE F, o

PRIFE IR 17 2 (RLC) [l U2 {8 >t
oA (226,337,533,781,1 077,1 593,2 130,2 854
pmol/ (m” + s)) AL, B A e sk AL BB 15
10 s, AEGAAVER (NPQ) il LU AT :
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Ao, P, ARG I S 1 d R S R 9, 1 F,
W FE TR OB T BT il R 8 R 9Ok
FE XS H 1% 388 3 3 (rETR) Jd i LA T 9 2 35

rETR = yield x 0. 5 x PFD ( photon flux
density )
K, yield (RFECR G T WA BOGIHRCE, R
0.5 MELFRG D Wit 7 & SR
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1200 Ko7 OF IR 37 %
FEXT B AR R, o ARG RE A AR, I, 3R M UV-B, HFEGSEIET 3 ANEE, BN HEH
A, A FEAE N TOGE K BAA L 4% T 2E47 , PAR 19 5%

¥ A ¥ 1E % CO, FlE CO, T %87 W/m®,UV-A MR EE K 24.5 W/m*, UV-B

B IR 1) BEAR A A LA (G UVR) X RIAIE #
CO, Filfs CO, Ab Bt (1 Fe 2, 454 CO, AT
TR AT 3 M AR AL R (1) PAR A3
(400 ~700 nm) , 4 L4 4 3L — JZ Ultraphan395
JEJE (UV Opak, Digefra, 8 [& 5¢JE B ) , iZ B A] L)
JEH LN A(UV-A,320 ~400 nm) Fl £ 44k B
(UV-B,280 ~ 315 nm) fff 3 & H 4% 52 7] W% &b
P (2)PA 4R P (320 ~700 nm) , £ 3¢ 45 S0 2 —
JZ Folex320 J& X ( Montagefolie, No. 10155099,
Folex , i [E 18 # A 427 ) , iz i v] LIy 45 UV-B,
ek H sz ) Dok & UV-A b3 (3) PAB 4b
(280 ~700 nm) , f4 JL4 41 £ — )= Ultraphan
295 JE M (UVOpak, Digefra, f8 [E ZEJE 42 ™) , i%
JRE AT LA S A4 1 52 4 ipk B 1 i S BV AT L OK (U V-A

®1 TR CO,RE

fHE o 1.44 W/m’®

R Gt T s Ak BEAFE ] Origin 7. 0
BAE, % Pk 4 A i JH (One-Way ANOVA,
Turkey) , & F MK F P E N 0.05,
2 HIR 550
2.1 A[ECO, REKFETHHREBR RS

1E# CO, (LC:390 ppmv) Fl & CO, (HC:1 000
ppmv ) Kb HT {1 1A B 55 A BT R R ER RS A
P25 HC b ¥ pH HE LC g 1% 0. 37 4>
BN, BTCHLER (TC) il B CO, LA K HCO; 4351l
JNT 4.96% 158.89% F110.45% (P <0.05) ,CO>"
WJEFEAL T 52.88% (P <0.05) , 1M S HREE (TA) 3%
ARAEBFUNZE(P>0.05)(F 1),

KETHRERE R G

Tab.1 Carbonate system in different CO, concentration
. pCO,/ TA/ TC/ CO,/ HCO; / co3 /
p
(ppmv) (wmol/kg) (nmol/kg) (wmol/kg) (wmol/kg) ( wmol/kg)
LC 8.19+0.01° 390.0 £5.0°  2339.8 £34.6° 2 045.3 £25.3° 12.6 £0.2° 1826.0+18.3*  206.8 +6.9°
HC 7.82+0.01°  1009.7£9.0° 2264.7 +40.0° 2 146.7 +35.1° 32.6+£0.3° 2016.7 +31.6° 97.4 £3.7°

T AEPI A CO, #eJEE (LC:390 ppmv Fil HC:1 000 ppmv) 35 5% (1) 47 53 22 R, 76 5 45 3 57 SE AT K R £

#8428 (pH,pCO, ,TA,TC,

CO, ,HCO; 1 CO3™ ) 25k, HRIET A pH M pCO, , fRA CO, SYS FAF T H th B BRI R A S8 BE A T = b, A

[l 8 TR P A Ak B A A R SR n =3

Notes ; Carbonate system of conchocelis of P. haitanensis cultured in LC(390 ppmv)and HC(1 000 ppmv) condition. The carbonate system were

calculated according to known value of pH and pCO, using CO2SYS software, values were represented as means + SD, different letters indicate

significant difference between treatments,n =3.

2.2 AECO, REKETHERKER

35 R SR ORIRTE TR AL B 357 F A K R A X T
E4 CO, AbFIZL, 251 1 113.69% (P <0.05)
(1),
2.3 AECO, REKXKETHBERRE

& CO, LIE‘FE%??%%{ZISE‘J@?AE
FHETRE, gt R a(Chl a), g MR
(carotenoid ) PL J 48 A Wz Wi ¥ Jiit ( UVACS) il
FHET 19.8% .16.45% H1 18. 7% (P < 0. 05)
(KE2),

FRAG S AT T B F7 030 28 S 2 ARAR W e 20 S
WERMXN TIE®ESRHA D HEMRT 7.26%
(P <0.05)H19.19% (P <0.05) ([ 3).

2.4 A CO, REKTETHESH L, yield
% NPQ
&4 S TEAROG A G F i D A 6 T T o5 5 it

0.100 [
~ b
S 2
S E 0075 [
- S
M=
ZE g 0.050 T
M2
jé% 0.025 +
0 . . . .
LC HC
KbFE  treatment
E1 KR CO, RKEKETHERKER

FEWIA~ CO, ¥ (LC:390 ppmv; HC:1 000 ppmv) £ 57 i)
I5 B SRR R X A B R AR A o G 2, AN )
BRR AL I Z A B &M 2R 0 =3,

Fig.1 Relative growth rate in different CO, concentration
The relative growth rate of conchocelis of P. haitanensis cultured
in LC(390 ppmv)and HC(1 000 ppmv ) condition, values were
represented as means + SD, different letters indicate significant

difference between treatments,n =3.
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B2 AECO,KETHBEBRESE
TEB A~ CO, #eE (LC:390 ppmv; HC:1 000 ppmv) FEiFRAYIE
RELRE ARG R, (a) G E a LB MK, (b)
SR B UVACs, () b Ak 2 507 T8 45 1) IR 4R IR0 4
BB B2 (250 ~ 750 nm) . BELRAQ R AR MR 22, A ] T
BERIORWA A I 2 () A R E P25, n =3,

Fig.2 Content of pigments in different CO, concentration
(a) Chl. a and carotenoid, (b) UVACs and( ¢ ) absorptivity of the
methanol extracts ( 250 - 750 nm ) from conchocelis of P.
haitanensis cultured in LC (390 ppmv ) and HC (1 000 ppmv)
condition, values were represented as means + SD, different

letters indicate significant difference among treatments,n =3.
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8 M P T, 4 RGBSR BH O 58 AR S 0] 42 58 38 22 MR R 6 B AR BRE P 109 5 i 1201
=2 1800 15
X a CLC -
SE 1350 b .HC 12k a EHC
2a = b
=& oot . =
& g 0 e g 6 L
g ° H4tga Chla HKiHE FE carotenoid ﬂﬂTﬂi °
- 5. @ « o3 a_ b
0= EHC 0
g¢g 3y BaEE WEE
Z8 27 phycoerythrin phycocyanin
o 1
0 B3 FRECO, RETHRIBEANALEASE
UVAC
HINBAR ; fEPI A CO, VI (IE 7 CO, ¥ JEE,LC:390 ppmv; 7 CO, ¥
= - 80 - £ ,HC:1 000 ppmv) F$5 37 i 3n 25 5 R A i # 41 (PE) L3
L;)'g 60 - WEE(PC) &, WA RARMEM 2 , A7) 5 B R R AR 4k
a3 4ol A BEER =3,
i% E 20k Fig.3 Content of phycoerythrin and phycocyanin in
§ = different CO, concentration

The phycoerythrin ( PE ) andphycocyanin ( PC ) content of
conchocelis of P. haitanensis cultured in LC (390 ppmv)and HC
(1 000 ppmv) condition, values were represented as means + SD,

different letters indicate significant difference between

treatments,n = 3.

2 P i S K U0 9 R Y AL A AR A AT 4
FIOCE AT H H yield 71 NPQ (& 5) . 1
TP fetla RO R AL T 38 E 5 1Y
yield & NPQ fEM 1~ CO, e Ji& b B[] 1 G\ 3 1k
Z5 (B 5) (P >0.05) . OLMOLABET , RE
Ja I yield W2 w5 T ROt B 1 NPQ U 2.
FIRT OB (18 5) (P <0.05)
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R L
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o0l v
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1200
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§ 600 | ,ULULJJ_.U,M
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00 b0
0 50 100 150 200 250
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(d)

E4 FECO, RETHIESHZE

TEP > CO, ¥R JE (LC:390 ppmv; HC:1 000 ppmv) T 5 37 (112
BE 76 wmol/(m? - s),(c) (d) A K 533 wmol/ (m?

B
R

©8)o

L2ARRAE RO BR F B AR R IORIE S, () (b) bt

Fig.4 Induction curve in different CO, concentration
Induction curve of conchocelis of P. haitanensis cultured in LC (390 ppmv)and HC(1 000 ppmv ) condition under(a) (b)low[76 wmol/

(m? - s) Jand(c) (d)high[ 533 wmol/(m?* - s) Jaction light.

http : // www. scxuebao. cn
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o04f e E . 2] 0.4+t
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ES5 AECO, RETHANFHEMERUFER
FEW A~ CO, ¥k FE (LC:390 ppmv; HC:1 000 ppmv) 5535 (3% 48 32 2R IR A8 I FIOESR T (a) (o) SBAL L3R E H 76 wmol/ (m® -+ s) ,

() (d) AL 63 24 533 pmol/ (m?

- s) ) yield(a) (b) &z NPQ(c) (d) Ak, LA FTARUE 2 ,n =3

Fig.5 Yield and NPQ in different CO, concentration
Changes of yield and NPQ of conchocelis of P. haitanensis cultured in LC(390 ppmv)and HC(1 000 ppmv) condition under(a) (b) low

[76 wmol/(m?*

2.5 A[E CO, REKTFETHEX B FEHER
(rETR)

5 CO, AL FRF i AH X v, 4% jéf 7 < (rETR )
BFEETIEH CO, 4B (18 6) MR I51E 6 5
F B KA B 1% 3 R (fETR ) KOG REFI
F () 775 CO, FHfm 14. 38% 1 6. 67%
(P <0.05), Mt A5G (1,) /W CO, &L BT Jo

WFEMZER(P>0.05)(£2),

150
sLC
e HC

AR B F A R
fETR
E

(98]
(=]
T

0 600 1200 1800 2400 3000
ARSFIRAE / [umol/(m?-s)]

irradiance

6 A[E CO, REKFTHIMHEX B FEBER
TEP > CO, ¥R JE (LC:390 ppmv; HC:1 000 ppmv) T ¥ 3¢ 1
IR SRR W P R 2R . R AR MR 2 0 =3,

Fig.6 rETR in different CO, concentration
Rapid light curve of conchocelis of P. haitanensis cultured in LC
(390 ppmv ) and HC (1 000 ppmv ) condition, values were

represented as means = SD ,n =3.

+s) Jand(c) (d)high[533 ;,Lmol/(m2 « s) Jaction light, values were represented as means + SD,n =3.

#2 KE CO, REAT rETR,, .« f1 1, BEWL
Tab.2 Variation of rETR , ,« and I, in

different CO, concentration

TETR, a I
LC 94.04 +5.44° 0.15 +£0.00" 645.59 +24.20°
HC 107.56 £3.13° 0.16 +0.01° 674.95 +48.47°

HEAEPIAS CO, ¥ B (LC:390 ppmv; HC: 1 000 ppmv) T 15 5% (Y
325 53R a2 A i 7l £ 10 2 80, AN ) T B 3R R [l b B 2 ]
A REERE S A+ bRdERE n =3,

Notes: Maximum relative electron transport rate ( rETR,, ), light
using efficiency ( «) and saturation light ( 7, ) of conchocelis of P.
haitanensis cultured in LC (390 ppmv ) and HC (1 000 ppmv )

condition that calculated according to the rapid light curve. Different

max

letters indicate significant difference between treatments, values were

represented as means + SD,n =3.

2.6 AECO,  REKFETHIZERLRKREX
UV %5 §F B i Bz

TE R BAA D g 1 Ak 3 22 i, 28 2ok W5 3 07 1Y) 1
W CO, FlfE CO, Kb BRAY LS 483 2RI Y yield 43
14 (0.46 £0.01)F1(0.49 +0.00) , —H %= F 0
(P <0.05),% 5t 66 min BUER ST AL FE P PA K&
PAB {8, IEH CO, i CO, 1y yield 43 5| K
fE&E (0.32 £0.03) ,(0.22 £0.04),(0.21 +
0.01)F1(0.33+0.01) .(0.26 £0.02) ,(0.20 *
0.00) , 7 CO, 4b3 ] Jg i 2 % 25 5% (P >0.05) 5
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8 3] WT e, 5« AR A BH G 58 S48 B 0] 35 58 3 22 MR R D' 5 AR TR 19 5 i) 1203

it 118 min OGRS ,P . PA J2 PAB b3 T,
E3# CO, FIE5 CO, B yield 1 2 51 K & fif, 4 31
H9(0.42 +0.01) ,(0.40 +0.01) .(0.40 +0.01)
F1(0.43 £0.02) .(0.44 £0.04) (0.44 +0.02),
Kk PAB b3 J5 MWK & i = CO, & F IE % CO,
10% 4k (P <0.05) ,P J% PA 4B J5 5 CO, 4b # 1
MBS T E 2R (P>0.05) (& 7-a,b),

0.61 Ce—PA
—e—PA
ﬁ 0.5¢ . _A_PAiB
B :
o 045 %ﬁiﬁi
3 N /*/
5 —a

2703 /3\%%
ooz L

Ol

=50 0 50 100 150 200 250 300 350
) / min  time
(a)

0.67 —e_PA
y e PA
§ 0.5t _+_PAB
o I gt
ie% 0.4 . + %/3 —i
R7 03 in g
® S,/
LY S

Ol
=50 0 50 100 150 200 250 300 350

Ff 18 / min  time
(b)

o 07 LC
o\og 80+ I HC
= b
£2 o} - b=
# =
BE 40 2
28
-EE 20+

L

0
P PA PAB

AbPE  treatments
©)

E7 AE CO, REKFTH] yield F148 X3 & 2=
FEWIAS CO, ¥ (LC:390 ppmv; HC:1 000 ppmv) T 5 5 1
IR SRR 2 3 Tt (P PA (PAB) 4b B 66 min, 84 J5 Ik
J6 R 232 min 1) yield L&, (a) IEH CO,, (b) i CO,,
(o) M (a) f(b) T T PLPA Iz PAB T 4b B 66 min
A R o AR I A 22, AN R T BE R R A [6) Ab B )
AREEESR n=3,

Fig.7 Yield and relative inhibition rate in
different CO, concentration
The variation of effective quantum yield of conchocelis of P.
haitanensis cultured in(a) LC (390 ppmv ) and (b) HC (1 000
ppmv) condition exposed to P, PA and PAB for 66 min and for
another 232 min recovery under culture light condition, and(c)
relative inhibitions induced by P, PA and PAB, values were

represented as means = SD,n =3.

PRl CO, V& K F- F W ds L8 2 ik 7E P
MPA TG R R EMEZER(P>0.05), 1
PAB T & CO, iy #I il 3 [k iIE % CO, 4b ¥ &
9.22% (P <0.05) ;PAR AL BT Ay R, g &
TEIEH CO, ¥R 165 CO, Ab R, #5  #(L T
PA J PAB b HE (P <0.05),ifif PA 5 PAB |
TREZEF(P>0.05) (K 7-¢c),

3 e

WFFERW HERE CO, ML MM, 15 55 22
RER AR R SR RIS RO TR,
i CO, B H MR TR A p e I B 4% % a
KIS DR & IR AR R T OEREM AR
Lt KA WL 15 3 3l 3 K ol oL 1 3 3 R I
T OB A (0 38 % BT R B B4 A X R D't
JrhRA R S TR R T, W Co, T
AR RIRZ L IEH CO, KPR A K i i
ZOGHE, N T kX B8 2 A 1Y) RE FE OGS B 400 3 A
TS A AT, AT I A R R R Y R/ B R
PR o MR, X B B AR k0 Y 4
AT A Rt 3 i St A R OB REM T RE T,
T o8 3568 00 AN 2 DR € 28 5 1 W T 2 i A4 5 )
i) CO, 7EI /KA B P i3 2 2. 3% F A COo,
WeAF L (CCM) BRI CO, Hedifi ™, I A 3K
) CCM i 2L A — & B ATP, X AP T 98 &
T A RE T AR A A, AT £ 20 472 1 9
RE AR AR (] 1) o XA CO, Tt i 3 2
PR R I B 2 A Y B AE — SRR
LT -t A F 58 2 T 1 TR 1 2 o — 4 R TR g 3
9 AR A R e A R A
IX 2 T PR IR A 0 R TR AR 98 A A A ol ] 25 57 L {HL
WA A RER S IR T P P B IR 2R AN [ 5 B 4
([0 SE S R2E ¥ RSP et U CIKS SVATE P E 81
TETEER AL X 3 Mol fif 8 A 1 9 52 TR BB BR O 56 Y 5
55, TE R DGR W RR AL D B T80, T IO
T2 5k W I TE AR

w5 CO, L 35 FRAIR T 35 58 3 22 IR AR 9 56 4
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Abstract: To study the effects of ocean acidification and UV radiation on early life cycle stage of
macroalgae , we selected the conchocelis of economic algae Pyropia haitanensis as our material. Two CO,
levels ( ambient CO,,390 ppmv and high CO,,1 000 ppmv)and three irradiances| PAR(400 - 700 nm) ,PA
(315 =400 nm)and PAB (280 —400 nm) ] were set in the study. Results showed that high CO, significantly
enhanced the relative growth rate of conchocelis of P. haitanensis, but the contents of phycoerythrin,
phycocyanin, chlorophyll a, carotenoid and UVACs were significantly reduced by 7.3% ,9.3% ,19. 8% ,
16.5% and 18.7% under high CO, condition, respectively. Maximum photochemical efficiency ( F,/F,, ),

light using efficiency ( @ ) and maximum relative electron transport rate ( rETR ) were all significantly

increased under high CO, condition. When exposed to different light treatments, inhibition induced by PAR
and PA had no significant differences between the thalli grown at high and ambient CO,. However,
significant inhibition under PAB was found in the thalli grown at high CO, ,which was closely related to the
low concentration of UVACs in the thalli of conchocelis of P. haitanensis. Inhibition induced by PAR were
all lower than PA and PAB in both high and ambient CO, treatments, however, no difference was found
between PA and PAB treatments. In future ocean,increased UVR would have great effects on photosynthesis
and growth of P. haitanensis ,especially under the background of ocean acidification.
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