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Ocean acidification alters the carbonate chemistry of the oceans



Some generalisations have emerged for OA

OA results in ‘winners and losers’ due to differences in their
physiological and ecological traits

Plants and Algae may benefit due to increased
availability of CO2 (aq) and HCO3

−

Calcifying organisms are generally sensitive to OA



Calcification and dissolved ions

The amount of Carbonate [CO3
2-] will decrease with OA

�Does this affect their ability to construct CaCO3?

Most organisms don’t use CO3
2- directly from seawater 

• They use CO2 or HCO3
- and transform it into CO3

2- internally 

Ca2+ +   CO3
2- =   CaCO3



Calcification and Dissolution

Calcification – biological process 
where dissolved ions are used to 
build calcium carbonate (CaCO3) 
shells and skeletons

Dissolution – an abiotic process 
where the CaCO3 shell or skeleton 
can be broken down.

Calcification ⎼ Dissolution = Net Calcification Rate

CaCO3 → Ca2+
(aq) + CO3

2-



Calcification and Dissolution

Important to consider 
both calcification and dissolution!

Dissolution will occur throughout lifetime, so need 
long-term exposure to ocean acidification

Volcanic CO2 seeps
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Ocean acidification is expected to negatively impact many calcifying marine organisms
by impairing their ability to build their protective shells and skeletons, and by causing
dissolution and erosion. Here we investigated the large predatory “triton shell” gastropod
Charonia lampas in acidified conditions near CO2 seeps off Shikine-jima (Japan) and
compared them with individuals from an adjacent bay with seawater pH at present-day
levels (outside the influence of the CO2 seep). By using computed tomography we show
that acidification negatively impacts their thickness, density, and shell structure, causing
visible deterioration to the shell surface. Periods of aragonite undersaturation caused
the loss of the apex region and exposing body tissues. While gross calcification rates
were likely reduced near CO2 seeps, the corrosive effects of acidification were far more
pronounced around the oldest parts of the shell. As a result, the capacity of C. lampas
to maintain their shells under ocean acidification may be strongly driven by abiotic
dissolution and erosion, and not under biological control of the calcification process.
Understanding the response of marine calcifying organisms and their ability to build and
maintain their protective shells and skeletons will be important for our understanding of
future marine ecosystems.

Keywords: dissolution, ocean acidification, CO2 seeps, Charonia lampas, triton shell, calcifying organisms,
CT-scanning

INTRODUCTION

Surface seawater is being altered due to increasing atmospheric carbon dioxide (CO2)
concentrations, causing reductions in pH, carbonate ions [CO3

2�], and saturation states (�) of
calcium carbonate minerals (Raven et al., 2005; IPCC, 2013). This fundamental change to sea
water chemistry is termed ocean acidification (Caldeira andWickett, 2003) and can make seawater
corrosive to carbonates. Over this century, many calcifying marine organisms may be negatively
impacted by ocean acidification as it is expected to impair their ability to build and maintain
protective shells and skeletons (Harvey et al., 2013; Kroeker et al., 2013; Gattuso et al., 2015). As
calcifying organisms are a fundamental component of coastal marine communities, the e�ects of
ocean acidification are expected to lead to profound ecological shifts (Hall-Spencer et al., 2008;
Harvey et al., 2014; Nagelkerken and Connell, 2015; Sunday et al., 2017).

Calcification refers to the process by which calcifying marine organisms use dissolved ions to
construct calcium carbonate (CaCO3) shells and skeletons. It is now thought that the e�ects of
ocean acidification on calcification are not an issue of [CO3

2�] substrate limitation (Bach, 2015;
Cyronak et al., 2016; Waldbusser et al., 2016); instead representing a physiological constraint
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Shikine-Jima CO2 seep

~ 950 ppm

~ 300 ppm



Shikine-Jima CO2 seep

~ 950 ppm

~ 300 ppm



Reference pCO2 Elevated pCO2

Gastropod (Charonia lampas)

Note extensive coverage of encrusting organisms and 
intact apex region. At the elevated pCO2 site shells had a 
smooth bare shell surface and severely eroded apex 
regions (arrow). 



3D models from CT Scanning 

5mm Slices

Reference CO2 Elevated CO2



3D models from CT Scanning 

Reference pCO2 Elevated pCO2

Can see the density and thickness of the shell



3D models from CT Scanning 

Reference pCO2 Elevated pCO2



Geometric Morphometric Surface Analysis

We calculated differences in the shape of the surface between
specimens using the 3D surface rendering.

The shape of the surface significantly differed between sites

Reference pCO2

Elevated pCO2



Shell Thickness and Density

Apex 3rd Whorl           4th Whorl Shell Lip

Thinner and less dense



Charonia lampas shell thickness and density

Reference pCO2 Elevated pCO2

Consistently thinner shell 
suggesting physiological 
constraint on their ability 
to calcify

Apex Final whorl

Shell dissolution and 
damage most pronounced 
in the oldest parts of the 
shell, but similar in newer 
shell



Results Summary

The results suggest:
• Reduced calcification rates
• Reduced size
• Reduced shell thickness

• Increased dissolution rates
• Reduced shell density
• Apex truncation and shell damage

• Loss of epiphyte coverage



Results Summary

www.nature.com/scientificreports/

3Scientific RepoRts | 6:20194 | DOI: 10.1038/srep20194

is energetically costly11, and associated increases in energy partitioning towards maintaining acid–base homeo-
stasis may reduce net calcification rates9. Reduced shell thickness may also lessen any growth-limiting effect that 
the shell structure has on somatic tissue growth11, allowing for a larger body mass (assuming sufficient energy is 
available).

When scaling from the individual to the population there is a need to consider whether responses are 
sex-specific, since any disproportionate effects on one or the other sex could subsequently affect population 
demographics. To our knowledge, no previous studies have provided evidence for skewed sex ratios associated 
with ocean acidification. However, it has been previously demonstrated that sex-specific effects can alter how an 
individual responds to, or is affected by ocean acidification. For instance, the metabolome of males and females 
of the blue mussel Mytilus edulis differed significantly when exposed to reduced pH12. Moreover, it has been 
suggested that selection pressures to ocean acidification may differ between sexes13. We found that significantly 
fewer females were present in the Low pH site (32.26%, χ 21, 31 =  3.90, p =  0.048), while the sex ratio in the ambient 
pH sites did not significantly differ from equality (Control, 54.84% female; Reference, 45.83% female, χ 2 both 
p >  0.50). It should be noted that there are increased levels of trace elements and heavy metals at our low pH site 
(due to the use of the CO2 seep site14). While a previous study, at the same study sites and using the same species 
as the present work, found no spatial pattern in trace element bioaccumulation15 it is not possible to disentangle 

Figure 2. Effect of exposure to different pCO2/pH conditions on the mean (± S.E.) oxygen consumption rate of 
H. trunculus that were either (i) collected in the Control site and re-transplanted in the Control site (Control-
Control), (ii) transplanted from the Control site to the Low pH site (Control-Low pH), (iii) re-transplanted 
within Low pH site (Low pH-Low pH) and (iv) transplanted from Low pH into the Control Site (Low pH-
Control). Mean �MO2 is expressed as nmol O2 h−1 mg−1 (WW) STPD. Significantly different treatments are 
indicated by different lower case letters above the column (Tukey HSD, p ≤   0.05).

Figure 3. Shells of the investigated species. Samples of H. trunculus living at the Low pH site (a) showing shell 
dissolution and reduced shell size when compared to individuals from the Control (b), and Reference site (c). 
The individuals displayed are representative for both the mean shell length, as well as the overall shell condition 
and shape based on geometric morphometric analyses (Harvey, unpublished data).

Harvey et al. 2016, Scientific Reports
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Similar to other CO2 seep gastropod studies



Ecological Consequences 

Ocean acidification could lead to: 
•Reduced Growth and Size
• Reduced top-down control?
• Reduced reproduction (energy deficit)
• Reduced seafood production

•Greater risk of predation 
• due to thinner shell, and higher visibility

If our findings are observed across a range of gastropods



Conclusion

•Both calcification and dissolution need to be considered in
order to understand the long-term impact of OA.

•Dissolution is often overlooked, but may be particularly
important as not biologically-controlled
•Thereby limiting acclimation and adaptation potential

•Therefore, although many marine organisms might be
able to upregulate calcification rates to counter ocean
acidification, they may not be able to maintain their shells
or skeletons due to dissolution.


