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(Leinweber et al, 2009;
Doblin et al, 2016) ,
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Williams et al, 2014; Perkins-Kirkpatrick et al, 2020)
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et al, 2014), (
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2020) , )

(Boyd et al, 2010; Sett et al,

2014; Gao et al, 2019) 20 50 ,
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4~5 (IUCN, 2016),
(Winter et al, 2014) ,
E. huxleyi (Feng et al, 2008), ,
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(Feng et al, 2018) ,
(Westbroek et al, 1993) s
E. huxleyi
1
1.1
Emiliania huxleyi
RCC1266 (49°30'N,
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PMLB /20
, /2 10 (Guillard et al, 1962),
(GXZ-280D, ),
15 °C 120~150 pmol/(m*s)
12h:12h
1.2
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£/20 ,
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[(20£4) (25+4) °C]
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, 24 h D,

(Leinweber et al, 2009)

€8 : 20 °C ; (2) 1 (20+4) °C; (3)
25°C ;(4) + 1 (2544) °C,
3 (Trilogy, Turner Designs,
)
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5~7 (
<15%) (Feng et al, 2008)
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Fig.1 Fluctuation mode of temperature in semi-continuous
culture incubation
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1.3.2

100 mL 0.4 pm (PALL,

54
) » 80 °C ,
G-250 (Bradford, 1976) 1 mL Milli-Q
s 4 mL s
5 min s
(UV-2550, Shimadzu, ) 595 nm

- (Dubois et al,

1956), , 5 mL 0.05 mol/L H,SOy4 ,
60 °C 10 min ,

2mL  0.05 mL 80% 5 mL ,
30 min ,

(UV-2550, Shimadzu, ) 485 nm

1.3.3 (particulate

organic phosphorus, POP)

(Solérzano et al, 1980) 50 mL

(450 °C, 4 h) GF/F ,
2mL 0.17 mol/L  Na,SOq, R

( ), 2 mL 0.017 mol/L
MgSO, GF/F ,
60 °C HCI
(UV-2550, Shimadzu, )
855 nm
(Particulate total carbon, PTC) POC
(particulate organic nitrogen, PON)
CHN (Costech, )
(Hutchins et al, 1998) 2 100 mL ,
2 GF/F ( ),
( ) 60 °C ,
PTC ; 3 h(
) 60 °C (Zondervan et al,
2002), POC  PON, PTC POC
PIC (Feng et al, 2008),
Cric = Cerc — Croc, @)
PIC PTC POC
POC PIC u
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» Cric Crre Croc
( : pg/cell),

POC PIC

pg/(cell-d)]:
Proc=uxCpoc, 3)
Pric=pxCric. (4)

1.34

(SETCOL )

(Bienfang, 1981)
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Fig.2 Growth rates of Emiliania huxleyi PMLB (a) and Emiliania huxieyi RCC1266 (b) under different temperature conditions
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d, f) under different temperature conditions
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Fig.4 Cellular POP, POC and PON contents of Emiliania huxleyi PMLB (a, c, ¢) and Emiliania huxleyi RCC1266 (b, d, f) under
different temperature conditions

(P>0.05) (20 °C) , N/P 4.08%
POP  POC (P<0.05), (P<0.05) ,
(25 °C) PON  (P<0.05) E. huxleyi RCC1266  C/N
, E. huxleyi (P<0.05)
PMLB POC (P<0.05), 25 °C ,
E. huxleyi RCC1266 POP POC PON E. huxleyi RCC1266 PIC PIC/POC
(P>0.05) ( 5, P<0.05 ,
E. huxleyi PMLB PIC ,
(1, P>0.05) (P>0.05),
E. huxleyi RCC1266 C/N PIC PIC ,
, , PIC/POC :
(C/N) 18.85% (P<0.05); PIC/POC (P>0.05)
25 °C C/N , PIC
16.58% (P<0.05)  C/N E. (P<0.05),
huxleyi RCC1266  N/P , 69.84%, PIC/POC (P>0.05)
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Tab.1 Elemental molar ratio of E. huxleyi PMLB and E. huxleyi RCC 1266 under different temperature conditions(The letters
represent the significant differences among different treatments, based on the level of P<0.05).
20°C (20+4) °C 25°C (25%4) °C
E. huxleyi PMLB
C/N 6.13+£0.54* 5.85+0.36* 6.14+£0.16° 6.83+£0.55*
N/P 8.80+0.40* 8.29+0.32* 8.62+1.60* 7.63+0.85*
C/P 53.89+3.87° 48.44+1.76° 52.86+9.45*° 52.2248.02°
E. huxleyi RCC1266

C/N 5.46+0.35° 5.79+0.47* 5.90+0.51* 6.88+0.25°
N/P 10.82+0.64* 10.37+0.68 * 9.80+£1.41° 4.01+4.23°
c/p 60.65+7.82° 56.904£9.21° 58.04+11.19*° 67.84+10.42°

: C/N, N/P, C/P

, P<0.05
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Fig.5 Cellular PIC contents (a) and PIC/POC quality ratio (b) of Emiliania huxleyi RCC1266 under different temperature conditions
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Tab.2 Interactive effects of temperature increase and

fluctuation on the growth rate, chlorophyll a biomass and
elemental stoichiometry of E. huxleyi PMLB

OEi/%  OEy/% OE2/% ME2/%
13.06* 8.65% 34.42 22.84 +*
81.88%* 81.10 17.62 229.38 -
64.73  209.61*  54.08 410.02 -
83.38%* 24.33 46.79 128.00 —*
76.64* 73.85 16.30 207.09 -
77.23* 98.23 38.42 251.32 —*
77.47* 97.87 2.08 251.16 -
/ 0.10 4.62 11.41 4.72 +
/ 2.06 5.79 13.31 7.97 +
/ 1.91 10.11 3.10 12.21 +
80.21%* 84.05 11.41 231.68 -
55.40%  53.82% 72.65 139.04 -
:OE, OE, E. huxleyi PMLB
; OE 1+, E. huxleyi PMLB
; MEs, 3+
— . Two-way ANOVA

P<0.05; Two-way ANOVA P>0.05

R3 FEFEERHXM E. huxleyi RCC1266 £KEFEFR., S MERTEIHEFIEFNZEER

Tab.3 Interactive effects of temperature increase and fluctuation on the growth rate, chlorophyll a biomass and elemental
stoichiometry of E. huxleyi RCC1266
OE,/% OE»/% OE;:2/% ME .2/%
6.43 20.10* 35.66 27.82 +*
5.54 17.19% 14.40 23.68 -
32.61% 57.19% 44.42 108.45 —*
166.08* 308.83* 216.91 987.81 —*
0.36 14.64%* 1.76 15.05 -
1.94 10.73%* 16.71 12.88 +
9.42 13.56 33.03 24.26 +
28.01 25.08 69.84 60.11 +*
/ 8.01 5.94 25.91 14.43 +*
/ 9.42 4.08* 62.93 13.88 +
/ 4.30 6.19% 11.85 10.76 +
/ 24.24 17.30 63.73 45.73 +
8.01 11.49% 46.27 20.42 +*
32.44 1591 73.29 53.51 +*
69.54%* 20.89 76.02 104.96 —*
:0E, OE, E. huxleyi PMLB ; OE E. huxleyi PMLB
; MEj+2 3+ ;= ¥ Two-way ANOVA P<0.05;

Two-way ANOVA P>0.05
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STRAIN SPECIFIC RESPONSES OF COCCOLITHOPHORE EMILIANIA HUXLEYI TO
WARMING AND TEMPERATURE FLUCTUATION

WANG Ya-Nan"?, FENG Yuan-Yuan®?, LI Tong-Tong', CAI Ting*, BAI You-Cheng®

(1. College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457, China; 2. School of
Oceanography, Shanghai Jiao Tong University, Shanghai 200030, China; 3. Shanghai Polar Frontier Scientific Research Base; Shanghai
200030, China; 4. Second Institute of Oceanography, Ministry of Natural Resources, Hangzhou 310012, China)

Abstract Under global climate change, with increased frequency of extreme weather, marine organisms are also
affected by environmental heterogeneity—the fluctuation of environmental conditions based on average level. Therefore,
the strain-specific effects of temperature fluctuation on coccolithophores was studied by conducting a semi-continuous
incubation on a non-calcified and a calcified strain of coccolithophore Emiliania huxleyi, an important role player in
marine carbon cycle. The physiological responses of the two strains to ocean warming and temperature fluctuation at low
(20 °C) and high (25 °C) mean temperatures were examined. Results suggest that the temperature increase and fluctuation
inhibited the growth of E. huxleyi, while significant interactive effects of temperature increase or fluctuation on growth and
cellular carbohydrate content of two strains of E. huxleyi, PIC content of non-calcified E. huxleyi, and protein and PIC
contents of calcified E. huxleyi were observed. Temperature fluctuation enhanced the adaptability of coccolithphores in
response to an elevated temperature. Comparison between the physiological responses of the two strains reveals that the
physiology of non-calcified strain was more sensitive to warming and temperature fluctuation, indicating that the
calcification of coccolithophores may play a protective role in an extreme environment change. Warming and temperature
fluctuation significantly decreased the sinking rate of coccolithophores, suggesting a weakened carbon export by
coccolithophores in a warmer and temperature fluctuating environment. Therefore, to precisely predict the response of
marine coccolithophores to climate change and the biogeochemical feedbacks, the effects of temperature fluctuation should
be considered.

Key words coccolithophores; ocean warming; temperature fluctuations; calcification; strain specific responses



