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Traditional suborders:
Archaeocoeniina []
Fungiina
Faviina
Caryophyliiina
Meandriina
Poritiina
Dendrophylliina
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Fig. 1. Molecular phylogram [50%
majority rule consensus of 112 most
parsimonious reconstructions, gen-
erated with a heuristic search with
the use of 10 random addition se-
quences in PAUP (27)] of relations
among genera of 34 species of cor-
als (Table 1) and two other cnidar-
ians. This phylogram was generated
on the basis of sequences from the
mitochondrial 16S ribosomal gene
region (75). The same topology was
obtained with neighbor-joining anal-
ysis. The numbers on the branches
represent values from 100 boot-
strap replicates. Leptastrea is the
only genus that does not group with
other genera in the same family,
even though it has similar morpho-
logical characteristics as well as the
same mode of reproduction as oth-
er members of the Faviidae. All
scleractinian sequences appear to
be evolving under similar evolution-
ary constraints. They are similar to
each other and to other metazoan
16S ribosomal sequences in terms
of nucleotide composition, ratios of
transition and transversion substitu-
tions, spatial patterns of substitu-
tions, rates of divergence, and sec-
ondary structure.
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Phylum Cnidaria Verrill, 1865

Class Anthozoa Ehrenberg, | 834

Subclass Hexacorallia Haeckel, 1896

Order Scleractinia Bourne, 1900

Suborder Refertina Okubo, 2016
Suborder Vacatina Okubo, 2016 O FITYbLER
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Fig. 3. The position of Paraconotrochus antarcticus (arrow) in phylogeny of
the scleractinia. The early-diverging Gardineria hawaiiensis (“Basal”), the
Vacatina (Robusta), and Refertina (Complexa) are shown. P. antarcticus has
an early-diverging position within the Vacatina clade, from which it di-
verged in the Mesozoic (Cretaceous) ca. 116 Ma. The diagram is based on
maximum likelihood (ML) and Bayesian inference of concatenated nucleo-
tides from all mitochondrial protein-coding genes. Small red circles on nodes
indicate ML and posterior probability support of 100 and 1, respectively. The
numbers close to some nodes indicate estimated divergence times using a
relaxed molecular clock (uncorrelated log-normal).

pristine and the result of a highly controlled biomineral
mechanism as opposed to secondary alteration.

The evolutionary stability of skeletal mineralogy an
mineralization patterns of scleractinian corals is now
recognized (32). With regard to Paraconotrochus and Co.
lia, this implies that they may very well have had a cc
evolutionary history. The mitophylogenomic analysis indic
Cretaceous (ca. 116 Ma) divergence of its lineage (Fig.
inciding with the lowest ocean Mg/Ca ratio during the P
ozoic (<1 mol/mol). Culturing experiments have suggest¢
low-Mg seawater chemistry strongly affects the express
genes related to coral skeletal formation and may trigger a
from aragonite to calcite mineralogy (33). Other experimen
demonstrated a physiologically controlled calcite-to-ar:
mineralogical switch triggered by changes in the growth s
Mg/Ca ratio (21, 34, 35). Although the majority of coral li
that survived through the major changes in the oceanic Mg/C
continued to produce aragonitic skeletons, Cretaceous Coel
was capable of developing a purely calcitic corallum (9).
arcticus, which has skeletal morphology and microstructu
similar to Coelosmilia (SI Appendix, Fig. S1), may be a dir
scendant of this (or another) Mesozoic coral lineage cap:
depositing a calcitic skeleton.

Conclusions and Perspective

This discovery of a two-component calcite—aragonite sk
produced by extant P. antarcticus offers an opportunity to
enhance the understanding of the scleractinian biomineral
process, which, necessarily, is highly controlled by the ani
also provides a unique window into the evolutionary his
scleractinian corals and changes the basis for theories
scleractinian coral evolution through geological time (
which ocean chemistry varied substantially to favor eith
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Box 19.3
Coral Reef Restoration

Coral reefs have been declining for centuries due to over-fishing and pollution. Now ocean
warming and acidification, brought on by climate change, are compounding the impacts and
exerting huge pressure on these ecosystems (Hughes et al. 2017; Duarte et al. 2020a). There
has been some success with coral reef restoration (for example Pulau Badi Island in Indonesia;
Williams et al. 2019), but many attempts have been expensive, slow and difficult to scale
up, and only tens of hectares have been restored so far (Bayraktarov et al. 2015; Duarte et

al. 2020a). Coral reefs are not only important for their biodiversity, but provide essential
ecosystem services, such as food, coastal protection, recreation for coastal communities and
are a big draw for tourism. Solutions for reef restoration need to address both the science
and socio-ecological systems associated with the reefs. Researchers are identifying corals

that are tolerant of high temperatures and acidity and considering innovative techniques,
such as managed selection, genetic manipulation, managed relocations, and algal symbiont
manipulation, but many of these techniques are in their infancy and are unproven with
respect to reef restoration (National Academies of Sciences Engineering and Medicine, 2019).
Alongside the science, as noted in Chapters 6-9, community and civil society engagement, as
well as polycentric groups of institutions are required to enable and coordinate action both
locally and globally, to address the range of anthropocentric drivers and allow the persistence
of coral reefs into the future (Hughes et al. 2017).
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Biologists are directing the
evolution of corals to prepare
them to fight climate change.

BY AMANDA MASCARELLI

ff the coast of American Samoa, the tropical sun beats
down on a shallow tidal lagoon, heating the water to a
sizzling 35°C for a few hours each day. Such tempera-
tures would kill off most coral reefs, and yet the Samoan
lagoon hosts courtyards of antler-like branching corals
and mound corals the size of refrigerators. “The fact that
they’re there means they’ve adapted to survive,” says Steve Palumbi, a
marine biologist at Stanford University in California. “The real question
is: how did they do that and can all corals do that?”

Palumbi is just starting to understand how these Samoan corals thrive
' “treme ~ Andhe”’ nightbe “ness th-
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HELP OR HARM
The days of trying to build reefs with designer-made corals are still in
the future. But as the research heads in that direction, some are wary
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Selecting for traits such as resistance to heat or aC1d1ﬁcat10n might lead
to a genetic bottleneck, for example. “Selective-breeding programmes
may effectively reduce the capacity of corals to adapt to future changes
in environmental conditions by narrowing genetic variation,” says David
Miller, a coral biologist at James Cook University in Townsville. And that
is if selective breeding in corals even works. It is too soon even to tell
whether acid and heat resistance are strongly heritable, he says.

Miller and others point out that cross-breeding to enhance specific
traits in crops and dogs, for example, often comes at the expense of
other traits. “There’s often a ‘trade-off” effect, so that, for example, more-
stress-tolerant individuals are likely to grow more slowly;” says Miller.
Selecting for resilience against heat and acidity could hypothetically lead
for study and selective breeding. to higher susceptlblllty to disease, for instance.
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long with an invitation to apply for ~Research Center at King Abdullah University of Science and Technol-
ending on how much of that funding  ogy in Thuwal, Saudi Arabia, agrees that breeding might come at a cost.
use heat and acidity to stress corals ~ But he says that the serious decline in reef health warrants exploringall
ow tolerance gets passed down the available options. “If you think about losing an entire ecosystem, you
in Oppen and her team will start col- ~ want to start somewhere.”
ral Pocillopora acuta from the Great Until recently, says Baker, the goal for coral-reef management was
in the Australian Institute of Marine  simply to create marine reserves and reduce the pressures of pollution
wlator, an aquarium facility that pro-  and fishing, hoping that that would leave reefs strong enough to deal
open-ocean conditions. with climate change. “The pendulum has sort of shifted as people have
pen hope to create a ‘seed bank’ of  realized just how dire the situation is,” says Baker. “We need to do more
om extreme settines in which corals than that. We need to take action”
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