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AHGE (Rl 2011 BEMAE, 2016, HaiEE,
2016; Hong et al, 2017), {HH TR K< CO,
e B TR B e O A7 B S A A ) S B, R TR R R
TEAEY) , 5 2 [6) —Fp 2 AE AR5 55 25 00 T X R Ak g g
N ANTE] o (RIS, PR IREAR AR R ik D 2R Y 2
Ak, HUE R (B O T e M ) B B CRLAR A R
AR AR A (B F 3, 2013), Ak & & it
TR R 0 I A8 S AR 2 1t 9 A8 AR 2 e e 3]
JC & &K I (Laspoumaderes et al, 2010; P75 4,
2014), VHIFEAEY) 0 T0 2 412 52 e L5 3R T (A 2
F . IR %)Y & & (Sterner et al, 2002), #EIMisE
e AR R B 0 8 TR o O T K R AL XS A [l A2k
TE AR AR W R W 5 D (Rossoll et al, 2012;
Schoo et al, 2013), Ht, FFJ@ CO, e B Tt = % A [F]
IR EE A R (R OSBRI (B R L R &
A B2 I ) EL R I SR AR B . ARFSTR
FNFTEESLI T, DOREDRIAR | R[E AR 4 R
Bl . XM 4 B (Dicrateria sp.) . — ffi #5158
/N EK B (Chlorella
vulgaris) V..U I i 3 (Platymonas  subcordiformis) A
RGNS, ME T CO, ¥ BE T my % HeA 4 | B 41 i
e R a i TR IOCHN 1S CE TR TR
SR, DABIR i — 20 DB B AR B 0T 5 1 7K R A X g
BVE D28 RO i A A R G s e P R B8 B

1 HEETE
1.1 EfESE

SCUG T RN UM e . A TE I L /NBREE A
LT i, 347 p e L K R R AR A BE B K AT
Frifg K S5 S 5 H AR Y = 4t

SEISVE AR CO, Y FE 20 (403 % 10 ) Fl s CO, Y JE
ZH(1600x10°°), A4 T M FTA 2300 4E K5 FH CO,
e 5 751 /K SF-(Caldeira et al, 2003; Stocker et al, 2013;
Dlugokencky et al, 2017), CO, ¥ R FHFE Y 55 7244
(HP1000G-D, I Fi ReAX #5545 47 FR 04124\ )R 4%
(BT, 2016), LI T 1240 3 L #BEHHR,
A2 L 2 55550, BARREUERBINMEE, winksE
g 5~10x10" cells/ml, 525 2H 23 I E 3 AFAT,
1A pH A 8.2 Ml 7.6, JEEHL(L/D) A 12h : 12h, &
J&4(20.0+0.5)°C, JEHE A 80 umol/(m*-s), FEK &M}
PEEN 4~6 W, SCUGHRSE 13 d, BERE 1 d I E A0 ik
JERNBEAR I I 2R R DOESH, Kigk 7 d J5 I st
C.N M P &, MaE o &R RIGEENE GB
17378.7-2007 #47 ,

(Phaeodactylum tricornutum) .

12 BRERRETHERIEERERTEH

IUEE 10 ml, ] Beckman Coulter Multisizer IITJH
LT ECE DU e A v B2 o AR LR AR AR K
A () -

pu=In(Ny /I N)/ (1, =)
Kb, N RS o RIEEANLEE BE (cell/ml); N, W R

1.3 MFERIERASENE

FIA Imaging-PAM i il -2 28 5 AR R Gext
BT ISR R IO 1 F S H I E o I R R
FYIFE LIS Y. 20 min, BASFATERE 2 K. R
Platt 25 (1980) 4 H Y XU A0 52 okl oA KI0xT PR D' i 2K
(RLO)HATIUS -

P=P, x[l-exp(-axPAR/P,)]xexp(-fxPAR/P,)

Horpr, POgAAXT A AR A, P, S TEOC I
8 Fe KT AR AR FL 4% 18 3R rETR nax, PAR J9JEIR
BRI, o APREDEIMARIRIIRRIE, B RS E.

14 C, NMIP&EENE

B—E R BB, B0 (3000 r/min 10 min),
PR RSSO IRIE B3 5), B2 mg H]
JCER 4 AT (Elemental Analyzer Vario EL cube, ff[%
Elementar)ill EE# & C. N &h; #08H 85 (2003)
T il e Bk P o
15 HESW

K SPSS 21.0 #4751 K 2 J7 22 53 #1 (One-way
ANOVA), f w2 A1 20 N 25 5%, P<0.05 ¥l b 22 55 2%,
P<0.01 4 2= S0 b 3

2 “#HR
21 AFEHEWARERKRILEKER

ANIA] COy M BE T WAL T Ji i . /NBR e | SUHE 4> 8
= FArE TS5 B A K ph 4 DA B b AR Rl R i 1 ir
TNo AVACEPE, CO, WREETHE T e 4 PPy A
K I He A 3R (P<0.05) , {HAS R Ah S i 48 1k iR B R
o MEHA KRS, W0 TE A S0 B R il
M, SXFRA A, 2= 5k B E (P<0.01), Hix
KEAERKHER N 0.590/d, BEASLI IR F 25 A K
AR (0.233/d) He XF FR 2H.(0.205/d) 7 H 13.5%;  [A]i,
1 CO, e 21 1 e A 20 Bk 38 2 v T CO, ¥R
H(E 1a)(P<0.05), HUJE/NEREE, ZEREFREE 3 K,
0 R B TR R ZH (P<0.05), SEE He AR Kk



w1 =4

A R[AI TR IR WA IS CO, W JEE T 55 4 W 1L 29

FA AR CO MRIEA LR T 5.9%(& 1b). X4 A
AR EETERE IRV 9 K, B CO, ML RSN i
WP B TR CO, M4 (P<0.05, | 1c. K 1d).
AR Ak BE SR B, WO T et 8 0 = £ 4 15 40
BITESS 11 KA 9 KIkFE(E, Z)JFKIm%E; /)
R RN SUHE 42 376 LI 45 AR M5 13 K b 4R B0y
K.

WHIEKC.NMMPTESERHLILE
ANIA) COL MRPET 4 R fii) C N P & M H

2.2

1 403%10-¢ CO, 1600x10-¢ CO,
—0— 403%x10-° CO, —&— 1600x10-¢ CO,

130 3.6
a

110} 132
* g _
=~ 90} 28 %
E * 3
= &
3 0}t -2.4§
= g
T 50} {12 &
2 2
Q
_§ 30 } * 116 2
= /
;& 10} {112 ﬁj
%_10_1 375 7 9 11 13) %
” *k ¥

-30 I {04

200 3.6

170 132
= 140 } |2 &
E R
= 110 f 8
8 124 =
3 E
< 80 F o
5 {20 &
2 i=}
E sop =
& 116 =

5 20F

3 1 ¥
% -10 ¢ ’ ﬁ
% Josg 4
—40 . 08

70 I I 104

fif /8] Time/d
Bl 1

Fig.1

HIFE 1, BB, CO, T 1 4 Rhis
Ry C &, Hp/NeREakE| T /K F(P<0.05);
1 COLVRE T , 4 Fh s s 40 A N & 224 H B R AIGEa 34
Horp, AR R B N & i FRR(P<0.05), H
fib 3 Flie N SR ARE A B35 (P>0.05); ANl iR Y
P S A RORNE , 0T R /INER S CO, ¥R
FE B E KT CO, WL (P<0.05), {H SHi4: i
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Growth curves and the specific growth rate of four microalgae cultured in different CO, concentrations

ar WO TE R BE; b NERME; o MR d: ST
*: 5B P<0.05; **: ZRW R P<0.01. TIH
a: Platymonas subcordiformis; b: Chlorella vulgaris; c: Dicrateria sp.; d: Phaeodactylum tricornutum
*: Significant difference, P<0.05; **: Highly Significant difference, P<0.01. The same as below
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Tab.1 C, N and P contents and mole ratios in microalgae cultured with different CO, concentrations in 7 days
Fi 2K Species CO, {&E B A Wi A TR L
CO, concentration (ppm) C(%) N(%) P(%) C/N C/P
W e 1600 40.69+1.33 4.82"+0.40 0.35"+0.03 9.89°+0.65  108.227+4.45
P. subcordiformis 403 38.0543.16 5.85+0.70 0.40+0.01 8.16+0.77 89.09+6.84
JNER 1600 46.20"+1.45 6.16£0.30  0.487+0.01 8.23+£0.80  79.06'+5.89
C. vulgaris 403 36.69+4.22 6.22+1.05 0.63+0.04 7.31+0.14 61.81£5.20
Y4 1600 46.30+1.25 6.17+£0.38 0.51+0.08 8.79+0.78 71.36+6.60
Dicrateria sp. 403 45.12+0.77 6.56+0.09 0.60+0.02 8.02+0.24 75.46+1.62
=Mte s 1600 43.00+0.33 3.89+0.50 0.38+0.06 13.83°+1.30 115.84+8.92
P. tricornutum 403 39.67+3.75 4.14+0.24 0.34+0.02 10.29+0.52 118.71£8.20

8.16 WHIZE 9.89, M 10.29 #hNZE 13.83; C/P HyFhE]
ZRIK, WO TE B HNEREE R CO, HeJE 20 W&
FAIL CO, WAL (P<0.05), X Hi4HEM = MiBiems
Ik CO, ¥4 JC i 3% 25 5+ (P>0.05).,
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Fig.2 The chlorophyll a contents of four microalgae cultured in different CO, concentrations

a: WO B b /NBREE o0 NHEA W d =M
a: Platymonas subcordiformis; b: Chlorella vulgaris; c: Dicrateria sp.; d: Phaeodactylum tricornutum
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A E R R BNPQYTESS 11 K, & CO, W E4
HER TR CO, W IE 4 (P<0.05); etk K (qP) G
B A(P>0.05), CO, WRBETF = Xf /K NPQ Al
qP YIC B E (K 3b); Fo/Fo fE5 7 K& w T A
HEZH (P<0.05), HARLIEFITE 0.552~0.656 Z[8] . XfF
MR, COL MRBE SR N Y Fy/Fo Fll gP 511X CO,
WEHL L FE2ZS; NPQ WEMTIE CO, HeEH
(P<0.05)(&l 3¢). —fAtdTade Fu/F, B35
S —30, BUEAZ LB FITE 0.482~0.662 Z ], 15 CO,
WIEHAESE 3. 5, 13 REFE® T Co, wEH
(P<0.05); = CO, WEEL NPQ 7655 11 KB ETHE

(P<0.05); qP M2 BEL)E T FF, 7655 7 R
13 K15 CO, Wk FE4H qP & 3 5 TR CO, V& 2 4H.(P<0.05)
(M 3d).

233 45dA Kbk b ke Ak 4 PP
TR TE 5 KA 15 38 AR (rETR o) « PR T Z A
RAEPR () IWLE 4, & CO MRS T, WL Y i i A
“HMBIEEERY rETR ey 035 45 (P<0.05), /NEREE
NI 25 (P>0.05); CO, W THE X WL
e . /NBREE . — AR HR BE I DD h 200 A LR
(@) TG 5 (P>0.05) , SUHE 4 BE 1) o 35 55 T1IK CO,
e i 2H (P<0.05),,
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Fig.3 Changes of different fluorescence parameters of four microalgae cultured in different CO, concentrations

Fy/F: BROGEF 755 NPQ: ARG K qP: b K

a: WOJE B b /ANEREE; o0 XML, 4 = MAiBTa e

a: Platymonas subcordiformis; b: Chlorella vulgaris; c: Dicrateria sp.; d: Phaeodactylum tricornutum
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A WO REE; B /hEkiE; C: XHi4H; D: =Mibdsie
A: Platymonas subcordiformis; B: Chlorella vulgaris; C: Dicrateria sp.; D: Phaeodactylum tricornutum
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3.1 R[N B A X K R 1L RO I L

N [F RS AR T CO, YR FE TH 5 i 13 A7 7E
BMRES., RWFRT, CO, W T B2 e it T S
S TS O TE e R NEREE R R A K
ELMEQOL)MAFR B, BRfb kI A 1)
A, CO, M BETHE(1000 patm CO,)fHf = £ 4 45 5 55
56 20 B34 He AR K R T IR 33.1%, B TR
WFIE B2, T BOR P 22 5 11 J5 R AT B8 R AL R JEE A
JERRAESR A . A MTFRE R R, = MiBE
I B IE G IR B 8 144 pmol/(m?-s) , 75— 5E 36 FEl
TR 1) A K T Y R AR (%) 18 o o B4 o OB L % 5
2015), 1B F % (2016) (1 ) 18 Ot B8 38 5 R
(139+20) pmol/(m*-s) , A5G IEGER A 80 pmol/m™s.
A DL G PEIEARL I XT CO, e B T i A i 1o, 2 B AN [)
WA AR ) S 76 =5 COL MRBE T R SE LA Fh, 16
5 AR HAD RS 4 . L, [UTZE N
PARPEEIRAE S, AN LATIUIN 3 R 1 S5k 7 A 4 o R AL
TEVE 25 RN COL R B2 T 31 1 i [

- 253 25 96 6 H AR S — Rk 75 AR DA ' & 4
PRI B A5 T A S R Xof HL 40 e 52 il %) 3 R0 90 1%
R B AR, R | i O T S AR G A VR R Y
AT . MR RIS B SN EERTOERGEX
REMIWG I . i . FETIORN 23 Tic 55 S Iy 55 28 M 1 (221
&, 2012) Fy/Fo e iR BRI EER AR, M7
T Z DRI IR . SR BRI
BEE, Fo/Fy i85 23 i 35 AR CRESE, 2007, S,
2014), ARWFFEH, 4 Fdgl) F/Fy (ETE COL WRIETHE
AN AEFRBIRET 7 d W)IFR BERRAL, H/hskigm
VLR YRR NI RN N ) |
VLI CO, ¥R B I A B bae , [R)RH4E vy 17 /N ek i
AT R RIERIROR . NPQ Bk 2= K

FE, R PSITRE (8 2 i iy S e DL E 2UkE
BURIRE e, H RS R E L REXT PSTT
JCN L IR, JE—Fh B IR AR BB (R A
2007), AMFFREH, WP B CO, WL/ NPQ
TR 3 R W ERAL, M4 i S CO, M4 NPQ FR
555 RAMNY B EML TR CO, e 40, MU vl 7 Hifth
WA K. 155 pCO, K F(101.3 Pa)F, —ff
e NPQ 5% H8(39.3Pa)H [t i AR (Wu ef al,
2010), XA AESE T Y ATV CE BT N A7 78 SHE 4
OB IR AL R BRI (CE AT, 2015), qP 26 b #EK ,
Jeie PSRk R WU A YCRE ] Tt i T i
B H . = FMETE ST CO ML qP 1555 7 K. 4
13 K EH, PSIAYH PG, oo
TR . o RRBEIEREMFIHZCE, CO, WET)
RS TR BE RIS o (i, 5SREH
S (2016)WFFE M G Iy L K BE 45 A —E . ¥y
SR, AT BES AR R R ) 22 5 | SC0 AR R TR S G
A5 % (2016) L 1 5 FR IR M (20£1)°C, G IR5RE
M 120 umol/(m?-s), pH A 8.0+0.1, SASSIYE 2514w
BES AT, ANFEEENI SRR TOES T CO, W
Tt s B e A [R], A R T/ NER R SR R O S B
A WEEFIN, COREETHE T R MR LI BTN HoAth 3
FREE A 28 R DOCS B A AN FREEE W52 ), BUsR
JEAAR—E

TF R 0 06 A 1 P A e 553 2 2 i HL o e 2 ol
R FERE AR S E IS AR AR
A EAEROCER IR H2 52 e 4 M A B R 4,
2007), HrpbsgE o ST ALY PR DL A
Yo A MEE R (R 4ETE5%, 2016), HIL, CO, HE
T Xt AR RIS B G E o SR
S, A RIAXIF I E Y A A K, &
CO MRPEAAF T, WO T Ji 35 1/ N R 986 43 31) 3 1o 348 5
tETR ox FITH 5 AR R 43 25 0 25 b SR 390 40 i 5
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AN R, COL e BEThg MR T SR 4 A P
TALRHE R, Wy T XOEREIEE S, IR T =
FAB AR B B R IO BRI RE Ty, fle it T4k
Ko BRI 9L S A S — R 50 S A QSR A B
I, CO ML T A HOL & VR T e S AR R i B A
Wi L] i A 15 4 S it — AP 5E

32 CO, REFABSIEHBKBUMNARELRE
Al

H AR BT PR IA Y C. N P AL T
106 : 16 : 1(Redfield, 1934), {H T IFU#HEY ] 4 5%
FIHE N, PIREAAEARKRZES, Mz . B
CO, WSk, SHMBEZHEAEN C. N, P LA
T Redfield F{H(Fu et al, 2007; Finkel et al, 2010), 4<
WFT el R R, CO, MR E RIS N4 R T WO T8 i 3 1)
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The Response of Different Types of Phytoplankton
to the Elevated CO, Concentration

MA Sha'?, ZHANG Jihong>*”, LIU Yi?, WU Wenguang’, SUN Ke?, WANG Wei’,
SUI Juanjuan®, ZHAO Yunxia®, YANG Yanyun

(1. College of Fishery and Life Sciences, Shanghai Ocean University, Shanghai 201306;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Qingdao 266071)

Abstract Ocean acidification caused by the rising atmospheric CO, concentration has been paid
attention worldwide, the response process and mechanism of marine phytoplankton to ocean acidification
are still not very clear. In this paper, we studied four kinds of microalgae Chrysophyta: Dicrateria sp.,
Bacillariophyta: Phaeodactylum tricornutum, Chlorophyta: Chlorella vulgaris and Platymonas
subcordiformis to assess the response of microalgae to CO,-driven ocean acidification (the future level of
the year 2300), and by the variation of quality and quantity of phytoplankton, to predict the potential
influence of future global climate change on secondary consumers. The results indicated that compared
with the control group, the average growth rates (u) of the four kinds of microalgae were promoted by
elevated CO, concentration (P<0.05); for the value of u, P. subcordiformis was the highest, 13.5% higher
than the control group, followed by C. vulgaris (u=5.9%), and then Dicrateria sp. and P. tricornutum
(u=2.2%). High CO, concentration could increase carbon content and/or decrease nitrogen or phosphorus
content, and then increase C/N or C/P ratio of phytoplankton. However, there were species different, both
of the C/N, C/P ratio for P. subcordiformis were significantly increased (P<0.05), and C/P ratio of C.
vulgaris and C/N ratio of P. tricornutum were significantly increased (P<0.05). The cellular chlorophyll a
contents of C. vulgaris was increased significantly by elevated CO, concentration. However, there were
decreasing trends of the others. The maximal efficiency of PSII in a dark-adapted state (Fy/Fy,) of P,
tricornutum elevated remarkably in the beginning of the experiment, the initial slope of rapid light curves
(a) of Dicrateria sp. improved, non-photochemical quenching (NPQ) decreased significantly, and the
maximum relative electron transport rate (rETR,x) of P. tricornutum and P. subcordiformis increased
significantly (P<0.05). But high CO, concentration has no remarkable effect on photochemical quenching
(qP) of the four phytoplankton (P>0.05). Therefore, the growth rate of P. subcordiformis, C. vulgaris and
P, tricornutum accelerated under the high CO, concentration, whereas nutrition quality declined. Different
kinds of phytoplankton have different responses to ocean acidification, which may change oceanic
phytoplankton community structure in the future. In addition, the change of C/N and C/P ratio of
phytoplankton could influence the primary consumer, such as zooplankton and filtering shellfish, through
the food chain.
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D Corresponding author: ZHANG Jihong, E-mail: zhangjh@ysfri.ac.cn



