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The atmospheric
CO, rise induces
ocean acidification
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In coastal oceans, algae
blooms and/or marine
aguaculture enhance

community respiration and
subsurface acidification

(CH,0),, (NH;) H,PO, +1380, — 106CO,
+16HNO, + H,PO, +122H,0,

Depleted Dissolved Oxygen

Ouygen from wave action
and photosynthasis mixes with
upper fresher water layer.

Thick blooms of algae or
averabundance of

Mississippi
® April 2006
® June 2006
¥ September 2006
A May 2007
® July 2007
B August 2007
€ August 2008
& July 2009

Pre-ind
OAp_p=-01
SAITE W Present

] (pH; =8.08)
QA =-0.27
Al & Future

Respp = -0.29

82

8.0r

pHT

781
Changjiang
v July 2007

O July 2008
& August 2009

Model (atm. CO,)

76

v

Fay
i e

v z —

- 4v M h
) . //?\6‘30‘/’ Res?
~ OA
-
74 ~
/

L L 1 1 L 1
0 50 | 100 150 200 250
0, (umol kg™

— — — 280ppm
385 ppm
— — — 800 ppm

Hypoxic <—

Cai et al., 2011, Nature Geoscience

Ty
ﬁ;lu
Bacteria use axygen to shellfish die off.

decompose algal material.
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Besides pH, we also use seawater aragonite
(one type of CaCO, crystal) saturation state
to characterize acidification

dig defined as
d CO3~
o7 CaCOs

e} o o
0 _cLC?’Z " ][cos] /K- (1)

If <1, seawater is undersaturated with respect to the form of
CaCO, under consideration and that form of CaCO, should dissolve
and if 1>1, seawater is supersaturated and CaCO5 should theoreti-
cally precipitate.
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Shell development and growth rate of bivalve larvae In
response to carbonate system variables for two species

%WW

pH (total scale) p H

M. galloprovi b
10
5 081 é T
E £
2 061 % % 2
= c
S 5
§ 044 ) g
° o
& &
021 - =
¢ =
= ()
0.0 . om0
0 1,000 2,000 3,000 4,000
YAN
Pco, (Matm) COZ]J j:\“ \,
10 ] 4
04 o
o
® . it
0.8 (S
= cB, =
£ ° 4 £
2 06 (o] o 2
5 = M[[E_g
£ 04/ o) s
% i
* 021 = ® “
= IR
0.0 a
70 7.2 74 7.6 7.8 8.0 8.2 ]:/
f

Q

aragonite

Propartion normal

aragonite

IS the key parameter to control shell development and growth rate of shellfish

KAt g5 =0 KA1

P a M. gallopro b C. gigas
C. gigas 20
10 o m 80 0
& & o) 15 . m 0
0.8 % ° L] @ 2 . 2 0 a &
g™ g w % o ! é o
p= =
o
06 & £ 105 g 7 %: i
2 Q2
0.4 + é 3 100 m T ;
& S
[ |
B ! n B m
0.2 @ 95 m
0.0 d ¢ 20 ‘ ‘ ‘ 70 ‘
o 1000 2000 3000 4,001 0 1,000 2,000 3,000 4,000 0 500 1000 1500 2000 2,5
Peo, (atm) CO AN I Pco, (Matm) Cozﬁj\ j:|_“ Peo, (Hatm) C02 r
10 0 1\/1 ¢ 120 rr.dr @
' o] 0On [m] 804
o ‘30 o ('i:!'JG EO N 15 o o g
08 ® en %’ . o O +H<-,_2“ 25 i 05
, E 10 @% - =E o %
3 O < ]
0.6 @ Low2 exp.] B £ H £ 76 g
" B Low2 exp.2 A 2 105 AN B & %
[ ] [ ] @ Mid| wﬂ exp. 1 = g
04 ° B Mid low £2, exp. 2 -1\-H 2 100 o T 744 % .
u © Mid high £ exp. 1 % @ i S -
O Mid high £2, exp. 2 7] [ | é
0.2 [ () High £2, exp. 1 %[& 95 (] H[ﬂ
[ Y [0 High£2 exp. 2
/ 20 7 70
0'07_2 74 76 78 80 82 84 5 7.2 74 76 7.8 8.0 82 5 74 76 7.8 8.0 82 8.
pH (total scale) pH pH (total) p H pH (total) pH
e 120 f
10 u
| I a0
R 115
0.8 . I 78
.. - ~
o | < g 10 + ‘| s \E%
JF : ) e
s S O 5
o4 1 2 1001 | - ) T
o 0.933 & i &
02 1 INEEES os | 1 72
I 0.649 I Shell length = 102.5 (071045 | Shell length = 74.08 (200374
00 90 70
0 1 2.3 4 5 6 7 0 1 2 3 4 5 0 2 4 6
Qaragomte Q Qaragamts Q Qaragamts Q
aragonite aragonite aragonite

species (Waldbusser et al., 2015, Nature Climate Change).



Outline

 Seasonal acidification the Yellow Sea



The Yellow Sea
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Seasonal acidification in bottom
waters in the Yellow Sea
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Now one third of the Yellow Sea suffer from serious subsurface seawater acidification

(with aragonite saturation state of <1.5) during summer and autumn.

Zhai, 2018, China Science Earth Science
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Outline

» Controls of the seasonal acidification and
a threshold value of aragonite saturation
state between community CaCO,
precipitation and dissolution



Monthly variations of subsurface CO,, pH and Q
In the North Yellow Sea, and the biogeochemical
controls (Zhai et al., 2014, BlogeOSC|ences)
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Similar biogeochemical controls In
the whole Yellow Sea
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fCO, or pCO, (patm)
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Decomposing monthly declines of subsurface-
water pH and aragonite saturation state from
spring to autumn in the North Yellow Sea
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fCO, or pCO, (patm)
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Decomposing monthly declines of subsurface-
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A threshold value of aragonite saturation
state between community CaCO,
precipitation and dissolution
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The North Yellow Sea result Is
much different from the coral reefs

for the Cook Islands. Error bars
represent standard error. The
sediments transition from net
precipitating to net dissolving at Heron
a seawater Q,, value of ~2.92 * -10 { @ Tetiaroa
0.16 (¥95% confidence interval).
Data are in table S5. [Top photo
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The Q,,4 threshold of net calcification rate reaching zero is 2.9-3.0 in coral reef systems.
Eyre et al., Science 359, 908-911 (2018)



Outline

* The basin-scale CaCO, dissolution as
iIndicated by field data of dissolved calcium



Sampling from late spring to early summer

In 2011 in China Seas
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Hydrological background of the cruises

In the South China Sea, the survey ™[, Yellow River
was conducted shortly before and o000 |

during the first flood in 2011 6000 |

In the East China Sea, both of the 4000 | el
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In the Yellow Sea, we conducted they « |
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the Yangtze River in 2011
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Depth (m)

Biogeochemical position of the major survey on an
annual basis

At the beginning stage of yearly stratification in the Bohai, Yellow and

East China Seas.
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Sea surface temperature and salinity
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Sea surface alkalinity and dissolved inorganic
carbon
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Sea surface dissolved calcium : salinity ratios
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Sea surface T, TAlk, DIC and dissolved
calcium as functions of salinity
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Surface water mixing be
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Terrestrial inputs account for only a part of the
high Ca : salinity ratios in Bohal and Yellow Seas
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Summary

Based on field surveys of carbonate system during 2011-2016,
we found one third of the Yellow Sea suffer from serious
subsurface seawater acidification (with aragonite saturation
state of <1.5) during summer and autumn.

The seasonal subsurface acidification mostly results from the
community respiration induced CO, accumulation in the cold
water mass of the Yellow Sea.

Based on a parallel study conducted in the North Yellow Sea,
we found community calcification rate is related to the
aragonite saturation state values, while the aragonite saturation
state of ~1.5 serves as a threshold value between community
CaCO, precipitation and dissolution.

Field data showed higher Ca : Salinity ratios than all those
possible river-Kuroshio mixing lines in the Bohal and Yellow
Seas, suggesting a basin-scale net CaCO, dissolution.



Thank you for the attention.
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