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Background

Ocean acidification is a threat to cold-water corals
(CWCs) and could lead to dramatic and rapid loss of the
reef framework habitat they build [1]. Weakening of
structurally critical parts of the coral reef framework can
lead to physical habitat collapse on an ecosystem scale
[1,2], reducing the potential for biodiversity support.
The mechanisms underpinning crumbling and collapse
of CWCs can be described via a combination of labora-
tory-scale experiments and mathematical and computa-
tional models which I will illustrate in this talk.

Recent Advances

We sampled the main habitat forming CWC, Lophelia
pertusa, from the Southern California Bight (SCB), a
habitat representative of a future ocean. These CWCs
are facing an aragonite concentration (Qarag) ranging be-
tween 0.67-1.86; the lowest Qqrg condition that these
corals have been recorded at to date [1]. We also sam-
pled L. pertusa, from Scottish waters that are representa-
tive of a current ocean with Qare between 1.67-2.62 [3].

We obtained data from electron back-scatter diffraction
and Raman spectroscopy (n=60), synchrotron radiation
micro-computed  tomography  (SRuCT, n=75),
nanoindentation (n=45), XRD (n=15), micropillar test-
ing (n=144) (Figure 1) [3], and TEM (n=18). We devel-
oped a micromechanical model, supplemented by mo-
lecular dynamics simulations [3], to integrate our exper-
imental data and to predict failure of CWC structures
under climate change impacts.

Increasing porosity and dissolution from exposure to
corrosive waters and bioerosion but on the structural
length-scale are the main drivers for crumbling and col-
lapse of reef habitat. Interestingly, CWC skeletal mate-
rial reaches 462 MPa compressive strength and 45-67
GPa stiffness. This is 10 times stronger than concrete,
twice as strong as ultrahigh performance fibre rein-
forced concrete, or nacre [4,5]. Contrary to what would
be expected, CWCs retain the strength of their skeletal
material but seem to adapt its stiffness to address a lack
of calcium carbonate when grown under future oceanic
conditions. As this happens on the material length-scale,
it is independent of increasing porosity and dissolution.

Future directions

Our results show how risk of crumbling of coral habitat
can be assessed through evaluating increasing porosity
and dissolution. We are currently generating a digital
representation of the CWC material from crystal level to
whole colonies (Figure 1). This will allow us to conduct
data-driven analyses of habitat crumbling for entire reef
systems. We complement our experiments and models
with a database of >500 digitised CWCs from 1-30 cm
(1 to >1000 branches). This information could help to
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determine tipping points of net reef habitat loss but also
to develop assessment tools to quantify habitat provision
of CWCs in present and projected future oceans [2].

Our results also point to mechanisms that allow CWCs
to address some climate change impacts by adapting
their skeletal building material. They grow a strong and
tuneable biomaterial which is interesting for a range of
applications from novel adaptive materials to implants.
The digital material is key to facilitate translation and
data-driven material processing in these developments.

Figure 1: Visualisation of a digital CWC material inte-
grating computational and experimental entities in an
entity relationship model.
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