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As Oceans Absorb CO,, They Become More Acidic
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OCEAN ACIDIFICATION
Some Basic Chemistry
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OCEAN ACIDIFICATION
Impacts on Sea Life




Does lowered pH always hamper
calcification?
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Study Species Type Methods Response  Response parameter
to pCO,
Allizen et al. E. williamsoni Coa  TA manipulaticn — Chambers formed at low pH significantly
(2010) 3 pH (7.7-8.3), 8 weeks “._| thinner than at high pH
Barker and G. bulloides G Comparison of GC . » Glacial: highest shell weights
Edlerfield SNW and carbonate H“--H « shell weights seem to be carbenate
(2002) system system-infinenced
Beer etal G. bulloides Opr  Comparison of OpT SNW [~ Strong interspecies variations: different
(2010) and carbonate system .| response of SNW to pCO5
G. ruber | Difference in relative abundances
T (G bull low carb/high pCO4/G. ruber
high carbylow pCO2)
Bijma et al. Q. universa Cime  TA, DIC and pH-stable . » Increase in shell weight with increase m
(1999, 2002) G. sacculifer manipulation (O, uni- “._| carbonate icn concentration
versa), G. sacculifer only » Below ambient steeper slope than
TA manipulation above ambient pCO (0. universa)
Cigliano et al. 11 taxa (E. aculea- O 1-month setflement study NA Fewer individuals and number of taxa in
(2010) fum dominance) at different natural pH low pH conditions
gradients (8.2-7.1)
de Moel et al. G. ruber Ger  Comparnison of weights — « Weight: ighter foraminifera in G than
(2009) .| inGg
G » Age: light-shelled specimens are
younger
Dias et al. Various perforate & Ger  Assemblage study at NA » Reduction in diversity and abundance
(2010) imperforate species different natural pH » Shift from 24 to 4 sp. (all agglutinated)
gradients (8.1-6.6) with decreasing pH
Dissard et al A tepida Csa  DIC manipulation: ~ Higher shell-weights in low pCO2
(2010) 230+ 1990 patm pCOy .| treatments
Fujita et al. B. sphaerulata Crep  DIC manipulation, /\ Weight increases at mtermediate
(2011) C. gaudichaudii 12 weeks, 5 pCn levels pCOn levels, then decreaszes
A hemprichii (260970 patmy) . Weights decreased vnder ligher pCO-,
| levels
Glas et al. 4 photosymbiotic 0 Short-term incubation NA Photosynthetic increase of swface pH
(2012) (M. vertebralis, under 3 pCOy levels insufficient to compensate for seawater
H depressa, A ra- (ca. 4302150 patm), pH decreases. Photosynthesis only partly
diata, Peneroplis microelectrode protects symbiont bearmng foraminifera
=p.), 2 nen-symbio- meanwements against OA
tic species (Quin-
gueloculing sp.,
Miliola sp.)
Gonzalez-Mora G bulloides & Gr Comparison of Go . Link between down-core shell weight
et al. (2009) G. ruber weights and Vostok .| decrease and high pCO, values

N. pachyderma

pCOy/Mg/Ca-Temp.

Weights more influenced by temperature
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1. Foraminifera are important nowadays for the Carbon
cycle (produce ~50% of the open ocean CaCO

2. They are essential tools to reconstruct past climates
(paleoceanography).

But we have a very incomplete idea of their biomineralization
strateqy.

-response to marine carbonate chemistry?
-element incorporation/ isotope fractionation?




Foraminiferal calcite Inorganically
Seawater precipitated calcite

Foraminiferal - Inorganic
Biomineraljzation Precipitation

Na (1500 ppm)

S (1000)

S (900
Na (11000)

L | K (390) ——— K (500)
Other Mg (1300) Other” s (1500) Na (1500)

Ca (420) Sr (2500)

Other (Ba, B, etc) Mg (250)

De Nooijer e@l.,2014



Calcification models
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Calcification results in a strong pH gradient

Low pH outside foraminifer (~6.0 - 6.5)
Hi gh pH 6inside-®5 oraminifer (~9.0

De Nooijer et al.2009

Fig. 2. Elevated pH during chamber formation in Cibicides lobatulus. (A.B) Vesicles with a
pH =9.0 are produced in the chambers prior to the new one (black arrows), where they are
often surrounded by a zone of low pH, and then transported to the site of calcification (dashed
lines). The location at which the high-pH vesicles are formed and the exact route they follow
may vary and the arrows and dashed lines therefore depict approximations. Scale bar = 10
pm.

Y Gradi ent -baedinsiged)pronwied influx of carbon and ii)
requires barrier between these two regions.



Timing of Ca?* uptake

Spiked with
44Ca prior to
chamber
formation

Spiked with
44Ca during
chamber
formation

Nehrke et al., 2013



Toyofukuet al., 2017
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