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TR EEASAR I TC B W v (ANOVA, p=>>0.05; LK 1), B /N0, 5540.03) d (UL 1,36 2) .
12 CHE RN ATEE 1t BeK(0.63£0.06) d 1,18 C

x1 BETUNKERAEMKEFELSEN 1. FEHERZER
POC.PON.POP 225t EXMMBEEZFESH (ANOVA)ER
Table 1  One-way analysis of variance (ANOVA) was performed to examine the effect of temperature on g, » and cell density,

per-cell contents and molar ratios of POC, PON, POP at the early stationary phase in Gephyrocapsa oceanica and Isochrysis galbana

b A5 SEJ I A ¥y BRgitE REMKE
Species Variables Sum of squares df Mean square F P
KA i ovam/ (10° cell « mL ™) 65. 333 1 65. 333 0. 062 0. 809

Gephyrocaps
CPRYTOCapsa fr/d 7! 0.010 1 0.010 5.123 0. 086
oceanica
POC/(pg * cell ™) 10. 712 1 10. 712 0. 787 0. 401
PON/(pg * cell™) 0. 317 1 0. 317 0.778 0. 403
POP/(pg * cell™) 0. 863"
POC : PON/(mol * mol™") 0. 007 1 0. 007 0. 059 0. 819
POC : POP/(mol * mol™") 0. 926"
PON : POP/(mol » mol ) 0. 986°
BRAFHE 43 opam/(10° cell « mL™") 19 542. 568 2 9 771. 284 2. 455 0.136
Isochrysis -
_ P 1. 279 2 0. 639 8. 893 0.034
galbana
POC/(pg * cell ™) 4,786 2 2. 393 0. 510 0. 645
PON/(pg » cell 1) 0. 072 2 0. 036 1. 058 0. 449
POP/(pg * cell ) 0. 003 2 0. 002 0. 640 0. 587
POC : PON/(mol * mol™) 1. 861 2 0. 931 0. 534 0. 633
POC : POP/(mol » mol ™) 216. 147 2 108. 073 0. 105 0. 904
PON : POP/(mol * mol ') 0. 407 2 0. 024 0.515 0. 642

1 :a: Welch ANOVA 4301, K¥EAR A 3 POP,POC : POP,PON : POP 14 Statistic 43424 0. 037,0. 009,0. 000, df1 435124 1.1.1,df2 43514 2. 367,
5.101,5.307, BFELER(p<<0. 05 LIMIARE/R, a: For POP, POC : POP, and PON : POP in Gephyrocapsa oceanica » Welch ANOVA analysis with
Statistic of 0. 037, 0. 009, and 0. 000. with dfl of 1, 1, and 1, and with df2 of 2. 367, 5. 101, and 5. 307, respectively. Significant results (p<Z0. 05) are

shown in bold.
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Fig.1 The effects of the changing temperature on g, (d ',

mean®SD) in Gephyrocapsa oceanica and Isochrysis galbana
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Fig. 2 The effects of the changing temperature on cell density (10° cell + mL ™', mean=SD)

in Gephyrocapsa oceanica and Isochrysis galbana

F2 FRBEZFGTXERAEMKEESEN 1. FEHHAMRZEEF POC.PON.POP EE5LE (FELSD) T
Table 2 The changes of z, (mean®=SD), cell density, per-cell contents and molar ratios of POC, PON and

POP at the early stationary phase in Gephyrocapsa oceanica and Isochrysis galbana under different temperature

TR 75t I Temperature
Species Variables 12 °C 18 °C 24 °C
RAERAHE tna /7 0. 630. 06* 0. 5520, 03
Gephyrocapsa oceanica e/ (10° cell » mL™") 2.5140. 27° 2. 560, 37°
POC/(pg * cell ™) 16. 35+3. 06" 14. 2844, 23"
PON/(pg * cell ™) 3. 0320, 49" 2.6740. 76"
POP/(pg * cell ™) 0.2340.03" 0.224+0.01"
POC : PON/(mol » mol ™) 6. 2840, 23" 6. 2240, 44"
PON : POP/(mol * mol ") 26. 2042, 34° 26. 2746. 85"
POC : POP/(mol * mol ') 161. 38413, 44° 163. 44443, 83
TR 4 P /A 0. 410, 04¢ 0. 380, 02¢ 1. 2640, 38
Lsochrysis galbana pvam/(10° cell » mL 1) 3. 0540, 26° 2. 5740, 75¢ 3. 6340, 42°
POC/(pg * cell ™) 7.52¢ 7.3743. 63 5. 6340, 68"
PON/(pg * cell ") 0.92¢ 1. 0540. 28° 0. 800, 12°
POP/(pg * cell 1) 0. 30 0. 2570. 02¢ 0. 240, 06
POC * PON/(mol * mol ") 9. 59 7.96+1, 95¢ 8. 27+0. 85°
PON : POP/(mol » mol™") 6. 75¢ 9.41+3. 21° 8. 0943, 62°
POC : POP/(mol » mol ") 64. 69 78. 02443, 85° 65. 51424, 17°

T L AEARSLE P, 24 CAMFE T REEFFABEARRIER K B Z A TG, a:n=3.b:n=5,c:n=2, d:in=1. 1: Gephyrocapsa oceanica could

not survive at 24 °C in this experiment, and thus there was a lack of data under this temperature condition. a:n=3;b:n=5;c:n=2;d:n=1.

7 9.32~19.93 pg * cell ',1.78~3.39 pg * cell ', A 4.80~9.93 pg * cell ',0.17~0.30 pg * cell ',

0.19~0. 25 pg * cell ', BRAEHEA WM N PON A (0. 71~1. 24 pg + cell DM
FRAEMES P ) POC. PON, POP % i B8 A Ak [a] A it yh5k 5 T e S B 0 5 B R AR A (LR 3(b))
Te B FEMN (ANOVA , p>>0.05; 1% 1, POC.POP % X EU B S5 4 RN KPR A PR IO SE IR 45 SR T LU

SRR R TH R TR AR CULIET 3 Ca), (o) R ABE R Bl AR IE A POC.PON S HAFERF LR (p <
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Fig. 3 The effects of the changing temperature on per-cell contents ((a)—(c), pg ¢ cell ', mean+SD) and molar ratios
((d—(D, mol * mol™", mean®+SD) of POC, PON and POP in Gephyrocapsa oceanica and Isochrysis galbana

®3 AEEM POC,PONPOP &E# Kruskal-Wallis H #3§
(Kruskal-Wallis H Test) &R
Table 3 Kruskal-Wallis H Test was performed to
examine the differences of algae species

onper-cell contents of POC, PON and POP

Ap i FEAK Mgmgcit Al REME
Variables ®N * H df K p
POC (pg * cell ") 16 9. 894 1 0. 002
PON (pg * cell ™) 16 10. 588 1 0. 001
POP (pg + cell ™) 14* 2. 861 1 0.091

TE s a: A4S POP i P e s B m gl . 138 4521 (p<<0. 05) UKL
g R, a: Two POP data pointswere removed because they were dis-

crete points. Significant results (p<C0. 05) are shown in bold.

2.3 POC.PON.POP tt1&

KEEF A #ML N POC = PON,PON : POP,POC :
POP X il B AR A 35 6 i 2 1w i, CANOVA , p=>0. 05; I,
1., HAEHN POC = PON B i T 5 i FEAIK . POC
POP.PON = POP | i i B 7 e i s (UL B 3 (dD—
(D), POC : PON,PON : POP,POC : POP Z&4k i

FEl 43524 5. 63~6. 77 mol » mol ', 18. 00~31. 42 mol *
mol ' ,110. 21~204. 05 mol * mol ',

BREEMI4: WM POC = PON,PON : POP,POC :
POP X i B A8 Ak [ 34 6 25 i i CANOVA, p >
0.05; L D, HMPHN POC : PON ik T £ Bk
FEAR S 34 m i9 228 £k 8 #, #H ) , POC = POP, PON :
POP DI Bt i 22 T 55 222 3055 35 0 I B AV 1 22 i 34 (L
K 3(d—()), POC : PON, PON : POP, POC :
POP 284k 43 51K 6. 58 ~9. 59 mol * mol '.5. 96~
12. 28 mol * mol™'.47.01~109. 03 mol * mol ™",

3 e

3.1 iREXT B A KB RN

Xt FRRAFHE B AT A 1 £E 24 CRTEE
LA B2 25 1 1 B N2y 59 %, B TFHRIT A W
SN HE R M %5 LR R ) AR P T o A < i 2 M
o5 BB A R AR B B 10 IR AT ST
[RIAEZE I BRAT < B I 5 7 20~25 “CHRE Z W] 2
KX R A1 4 1 BRI 4 3 e, ZE AL
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FRAT AR BRAGFEHE 8 e e X UL FBE 728 AR B S AN ] 35
o7 < BRAT B 4 3 1T 8 A6 AR = AR E R (R F 5
24 °C) A R aE WM

X TR A AR A (12~18 “COXT e Hl
5 AN B LT JeRe . HAE 24 CAM IR RRE
4 DR A M T R D R R PRSRR I A B
I8 R S AR 6 R 18 R A 9 A A IR B
20 “CHY L TMAY B A FE R0 1 R PR A e e 2k KR
JEZ /DRy 25 CH o B IR ] R Rl A K
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e N KNS A o I 05 W N T S5 I NS ML Ll NP £
W47 B RE A IS W ARIRL . ELTE 24 °C &0 T oA K iy 4h
SAHAT .

T 0T L PP  FRATTIA S AR T R A
BR A M4 TR IR A X LA SSRGS N ). ROk
TR E P v I R R T R AR AT T B 0 55 58 43 SR T
AT B 1 5 e A0 B, 20 T 0 23 7 Ui A 400 1V 5 4 LA J
LSRR SR .
3.2 iBEX POC,PON,POP &= X tb{E KIS

WEEML N POC, PON, POP & & 22 5 5 40 it {4 F1
A B 4 IR R R, il N POC A1 PON 7 i 38 %
R . ASHIFIE H, BRAEHE 4 R R TR A 1 A0 i A
TIN5 H AP POC F1 PON £ @Ik R PERF A 3>
ERAEHE 480 AT . R IS, 16 20 CH
TSRS RPEN A BN AR L) Ry 75~100 pm® .,
BR A B 4 A0 PR AR R B BN TR TR A AN AU
(24.30+15. 43)pm™ . BREEHI & M E E AN POP
PR T B N Z W R R LA B AR R DL R =
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DA TR o g [ 18 R R 2 5

REARBEFE X PRl E #EsE POC.PON,POP
T S E TG R R (TR S
i POC.PON.POP & & M1 A & A B 8 AR 1k (B
KA E R 25%) . Sheward 251 350 ik 48 B% K 4 R B
KPR, FHE X HEEG 3% B % POC.PON,POP &# 51
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FEHEEE POC.PON,POP & it M LU A A8 Ak 19 X LA 58
PEOUBOIE FERl . T IR {0 15 BR 25 I 4 e RO PR A

POC : PON Sk 2 IR LE 3,3 2), MR
i 12 CHmE 24 °C, BREFMI4 3% POC + PON T F%
14%, FHR(12~18 C) 15 KM A # POC : PON
LA 1% MHHAEHN POC,PON 5051 F R 13% .
12% . ARBFFEEE R B , X F PON, POC [ F [
FER, B POC R iR 2 S 28U POC
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Toseland 25 B 5% 22 W, 452 10 A T JBE s 184 i 0 A% PR Ui
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G PEANRI R, TV A 3 A A R A 0 A o D A
WA B ol 35 200 D A 408 30 o 45 kA FH PR 4R PIC
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POC R0 S i i R 85 5 6 A 1E ™= A= WLk
Z L XA PR IE IR LA L Y, B
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B3 POC & & B Z A% 8%, PIC & &Ml PIC : POC
ST E 28 %M 41% ., Gerecht ZE1 {58 ) % 3R
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Abstract: As sea surface temperature continues to rise, the growth and chemical composition of marine
phytoplankton change clearly. Haptophytes is a key phytoplankton group in marine ecosystems. Typical
species of haptophytes can photosynthesize and calcify simultaneously, driving marine carbon cycle. To
date, most studies have focused on physiological changes of Emiliania huxleyi, while simultaneous
studies on C ¢ N ¢ P stoichiometry of particulate organic matters (POC, PON, and POP) in various
haptophytes are still scarce. In this study, the effect of temperature (12, 18 and 24 C) on the per-con-
tents and molar ratios of POC, PON and POP in typical haptophytes (Gephyrocapsa oceanica and Iso-
chrysis galbana) were tested. Overall, although warming had no significant effect on per-contents and
molar ratios of POC, PON and POP in both species, its effect on the two species showed certain pat-
terns. Specifically, warming reduced per-cell contents of POC, PON and POP (4% ~25%) in both spe-
cies. Per-cell contents of POC and PON were higher in G. oceanica, while per-cell contents of POP
were higher in I. galbana. Warming resulted in a decrease in POC : PON (~14%), an increase in
PON : POP (~20%), and no clear changes in POC : POP in both species. This study quantifies the
effect of temperature on per-contents and molar ratios of POC, PON and POP in typical haptophytes,
which is of great significance for a better understanding of the feedback of haptophytes on marine carbon
cycle in the context of global climate change.

Key words: global warming; coccolithophores; Isochrysis galbana ; particulate organic carbon; partic-

ulate organic nitrogen; particulate organic phosphorus

RERE KK



