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Species / genus
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-4 -2 0 212 -10 -8 - -4 -2 0 2
L 1 L 1L 1 L 1 L 1 I 1
Benthic akyae
Rhodaphyceae Amphiroa fragilissima — —
Phaeophyceae Padina sanctas-crudis —_—
Chlorophyceas Acetabularia crenulata —]

Faraminifera
Planktonic

Cymapolia barbata
Halimeda incraseata
Penicilles capitatus

Various species —

Benthic [deep sea) Various spacies — —_—
Cyelofbsculing compiressa #
Archalas angulatus .
Margiopora vertebralis ] I
Pragzarites arbitolitoides *
Peneropls proteus . —_—
Calzasing spenglen . —

Heterasteging depressa ..
Iﬂﬂﬁﬂ Corals Operculina sp ) -

Hermat. scleractinia Deulina walendiensis —_
Oculing walencisnsis —_—

Larger forams

Wefer and Berger, Mar. Geol., 1991
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HOW WILL CHANGES IN OCEAN
CHEMISTRY AFFECT MARINE LIFE?

CO; absorbed from the atmosphere

@y o H6) o (Foh 2 HCO3

“ ®

carbon water

arbe carbonate
dioxide ion

2 bicarbonate
ions

consumption of carbonate ions impedes calcification

B

global
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(Bates et al., Oceanography, 2014 )
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S11B = 11B/loBsample
"B /10Bsrmos1

— 1> X 1000

D Ocean water

39.5%o ! Fresh water |

o« NFEINEREZMNHE {0} Marine carbonates
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{_ ) Granitic rocks
Basaltic rocks { ]
Hoef , Stable Iso. Geochem., 50 40 30 20 10 0 10 20 30 -40

6th ed. 2009 8'"'B [%o]
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5llBsw B 5lleorate
—-o1"B,, +1000x (" K, —1)

pH = pKB — Iog(llloKB5llB

borate

N ﬁtﬁ%’;ﬁa 77-70/(8
25°CHY, 1.0272 , SE3SiME (Klochko et al., EPSL, 2006)
- =EIRRYEEN
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1B MAS NMRE&{FiM (Noireaux et al., EPSL, 2015)
SE—EREEITE (Balan et al., GCA, 2016)
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Aragonite

> XA
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Ideal for reconstruction! \/

> BA
B N 45 HIRIBI

Problematic!!!

PP Lremicalshitopm) Noireau et al., EPSL, 2015
Balan et al., GCA, 2016
11B MAS NMR spectra
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(Goodkin et al.,

(D’Oliva et al.,
Biogeosciences, 2014)

GRL, 2015)

(Shinjo et al., Marine
Geology, 2013)

(Wei et al., JGR-Oceans,
2015)

(Liu et al., Scientific
Reports, 2014)
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Coral Sea (South Pacific) Western north Pacific Bermuda (Atlantic)
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( Pelejero et al., 2005; Kubota et al., 2017; Goodkin et al., 2015; Wu et al., 2018; Shinjo et
al., 2013; Fowell et al., 2018; Wei et al., 2009; D 'Olivo et al., 2015; Liu et al., 2014; Wei
et al., 2015; Chen et al., 2019)
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Up-regulation

ApH=pHc-pHgy

9.0
® (. caespitosa (y = 0.47x + 4.87,r2= 0.89)
1 B Porites spp. (y = 0.32x + 5.95, 2 = 0.99)
8.8 4 © P.cylindrica (y = 0.46x + 4.72, r? =0.99)
m S, pistillata (y = 0.30x + 6.05, r2 = 0.99)
1 @ A nobilis (y = 0.50x + 4.40, r2 = 0.99)
& Acropora spp. (y = 0.51x + 4.28) —
- 864 ropora spp. (y X . &@
= -
= -
= o —
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= —— /
= e
Y 824 7
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(McCulloch et al., Nature CC, 2012)
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1.2
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1 @ r?=0.9978 7
1.0 - TR, -
| y=so0s52-08988x i |
r2=0.9997
0.8 -
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y=47202-05336x . e r?=09168
0.6 - r2=0.9997 .. =
A
- y = 4.4025 - 0.4977x -
r?=09998 . @
0.4 - S -
@® Cladocora caespitosa ‘\,
1 Acropora sp. (Reynaud et al., 2004) AN AR 1
A Acropora nobilis (Hénisch et al., 2004) > Sl
02 7 m Porites cylindrica (Honisch et al., 2004)
1 O Porites sp. (Krief et al., 2010) 4
© Stylophora pistillata (Krief et al., 2010)
0.0 ) ] Ll I L ] Ll r T ] ¥ l
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Seawater pHt (measured)

(Trotter et al., EPSL, 2011)
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> A IRER e ZR TR

=pH (0.3~0.6 above pHsw)
=DIC (x2~3 DICsw)

:Eggj:ater %_Q (14~18) G = k(Q-1)"
% i > HAFEL I EE A
E g 8 g > pH up-regulation: Ca2* ATPase
;‘" _ a0 g » Metabolic CO, supply

Tty
N
D

Temperature

(McCulloch et al.,2017, Nature Commu.)
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(Chen et al., Palaeo-3, 2019)
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D’Olivo et al., EPSL, 2019
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Element | Notation |Ratio [ 3k 2 SDIVESLER

Magnesium
Silicon
Calcium
Chromium
Iron

Copper

Zinc
Molybdenum
Cadmium

Barium

526Mg
630Si
544/40Cg3
0°>3Cr
0°°Fe
06>Cu
0%6Zn
598/95Mo
5114/110Cd
6137/134 Ba

26Mg/24Mg
30Sj/28Sj
44Ca/40Ca
>3Cr/>2Cr
>5Fe/>4Fe
65Cu/63Cu
6871 /64Zn
9%8Mo/95Mo
114Cd/110Cd

137Ba/134Ba

O Nutrient-like
elements:
EEELAM TR
S55% 95T

O F518, HeeuswiEic
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R 2 3
a Trophic Level
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u ﬁ 5 /mL

Skulan et al., GCA, 1997
Bohm et al., GCA, 2006

Biogenic Calcite

§""Ca=0.820.2 + (0.0142£0.009)'T
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T Coccoliths

[

(Gussone et MzDOG)//
Biogenic Aragonite

" [ Gastropod  Aragonite
1€ satymodiols > §*“Ca=-0,04£0.1+(0.01840.006)"T
4 Aragonite (Gussone et al, 2005)
© Calcite
| . Mytilus Aragonite
10 12 14 16 18 20 22 24 26

28

S, (BREAEUK, ~0.02%0/°C

Pretet et al., CG, 2013
Inoue et al., GCA, 2015
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(Inoue et al., GCA, 2015)
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54408 =1.88 %o Seawater
[Ca®*] =10 mM B
|1 Cachannel inorganic calcite
[|[ 1000In(@)=-12 _ , 08k
10042 “Ca™ Calicoblastic cells :
Ca* “Ca™ [Ca®*] = 0.1 uM 2 Corald
%’ @ Lot /5
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Mitochondria apg Ca H Ca @ "g 1.2 F g
ATP ADP 4G a7 Nucleus = 0. umversa
No fractionation - R C o) L "I
4ﬂca2+ \ 440321- F|Uld O . . ; F|
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40, + '1 6 B
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(Inoue et al., 2015, GCA)
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