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NEWSFOCUS
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Mass Bleaching of Corals

| Rising temperatures and increasing CO,:

Rising temperatures bleach & Kill corals




NEWS FEATURE

SICKSEAS

The rising level of carbon dioxide in the atmosphere is making the

New Yorker

world'soceans more acidic. Jacqueline Ruttimann reportson the
potentially catastrophic effect this could have on marine creatures.
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Rising temperatures and increasing CO,:

Rising temperatures bleach & Kkill corals

Rising CO, threatens reef structure




Impacts of Oceanf
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& 48% of anthropogenic CO, RS —
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Carbonate Saturation
State Q)

Dissolution/precipitation of inorganic marine
CaCOg3 controlled by saturation state:
Q = [Ca2+][COz*]/Ksp
where Ksp Is the solubility product






Skeletal Growth in the B2 Reef Decreased
Under Future CO, Conditions
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Ocean Acidification

Carbonate saturation and predicted rise in



Calcification/Dissolution Response
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BIOEROSION

upper core is

relatively undisturbed,
the lower coral core
shows extensive
bioerosion and

boring by bivalves




Balance of carbonate production and ‘.

destruction on coral reefs | ,'COl.'a..l 1eCT

A reduction in
calcification
of 20% could
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IMPACTS OF OCEAN ACIDIFICATION
ON CORAL REEFS AND
OTHER MARINE CALCIFIERS

A GUIDE FOR FUTURE RESEARCH
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Impact¥of Oceang
Acidification on
Coral Reefs

cora] rec’!'

Ocean chemistry is changing to a
state that has not occurred
for hundreds of thousands of
years

Shell-building in marine organisms
may slow down

Reef-building may decrease, stop,
or reverse

open-ocean and coastal
marine ecosystems

Dr. C. Mark Eakln 3 /@ |
NOAA Coral Reef Watch Bl






Phanerozoic Carbon Dioxide

Models Measurements
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Modern Corals Secrete Skeletons
of CaCO, in forrm of Aragonite
(Mg rich)






In geologic time Earth’s Oceans have changed
In Mg/Ca ratios in cycles favoring either calcite

or
aragonite as the preferred skeleton
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-n-ﬂ--_lﬂﬂ

adapred from
Sandberg, 1985

2 KCl evaporites MgSO4 | MgSO4? KCl evaporites Hardie
(1996)

MgSOy4 evaporites MgSOg4 evaporites
Skeletal Minera]ogy: - calcite - aragonite E Mg-calcite adaped from Stanley and Hardie, 1999




Not Just CO,
Concentration

Adapted from Kiesshng
Y1 & Baron-Szabo (2004)
and Stanley ef af, { 1999)
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Energetics of the Reaction

From photosynthesis
From of symbionts and
seawater metabolism of polyp

To symbionts
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[ Epidermis
layer)

Cat Ca(HCO <~ CaCO; + H,CO, Amorphous

. MDD
\\\\\\

0y

Aragonite crystals

777777

0.5up
‘approx.

N

N

N

N
N
\
N\

layer

Skeleton



Justin Rels
Woods Hole Laboratory



Pre € Paleozoic Mesozoic Cenozoic ERA
Cambrian  |Ordovician |Silurian| Devonian | Carboniferous | Permian [Triassic| Jurassic |Cretaceous | 5252 | &S Period
* * w *
| l !
v L 4 v ‘»és 3 :’m

CcO, <=4
. S v v
g f : v‘
L.100
Icehouse and
| G I | Greenhouse Cycles
- 4 Polar Icecaps
Aragonite Calcite Aragonite Calcite Ar| ReefIntervals
Major Framework
2 Problematica
= & Tubiphytes Scleractinian Scleractinian
il Sponges Corals wesip [Rudists§ Corals Reef
RN 2 Calcareous Algae Sponges Community
35 §~§ Bryozoans Types
: s
2 g g g Calcimicrobes Red Algae Coralline
-l B Noncolonial Algae
EVE EaY) Invertebrates




(Periods) A
pprox. EVOLUTIONARY EVENTS
STAGES Ma. AMONG SCLERACTINIA
NEOGENE

195

PALEOGENE Sinemurian

CENOZOIC
ERA

Hettangian

Jurassic
Early

200 =— Reef extinction

CRETACEQUS
Rhaetian Large constructional

203 Scleractinia framework
in patch reefs

JURASSIC Norian

Scleractinia as local
framework in
carbonate platforms

MESOZOIC ERA

TRIASSIC

LATE TRIASSIC

Carnian

Adaptive Radiation

1aSSIC

PERMIAN

Ladinian

PENNSYLVANIAN
CARBON- 2
IFEROUS MISSISSIPPIAN

PHANEROZOIC EON

Scleractinia not
principal reef builders

*First fossil Scleractinﬁ

Tr

EARLY TRIASSIC | MIDDLE TRIASSIC

DEVONIAN Anisian

SILURIAN

=

PALEOZOIC ERA

Post extinction
time of anoxia and
ocean acidification

ORDOVICIAN
Scythian

495

Coral and
Reef Gap

CAMBRIAN

545
million years

PROTEROZOIC EON 2.5 ‘
ARCHEAN EON billion years ‘

V

LATE PERMIAN Extinction of all Paleozoic corals

251 - Mass extinction and
reef collapse

|4 6
billion years

"PRECAMBRIARNC




(Periods)

PHANEROZOIC EON

CENOZOIC

MESOZOICERA

NEOGENE

ERA

PALEOGENE

CRETACEOUS

JURASSIC

TRIASSIC

PERMIAN

| IFEROUS MISSISSIPPIAN

DEVONIAN

SILURIAN

ORDOVICIAN

CAMBRIAN

PROTEROZOIC EON

ADCUEANMN ENNAN

24

85

251

417

440

495

545

million years

5

T N

ilhon veare

Fossil

\MBRIAN"



Naked Coral Hypothesis
(Stanley & Fautin 2001)
(Stanley, 2003)

Idea that the coral skeleton is ephemeral
with respect to calcification (i.e. can exist as a
soft-bodied anemone or with a skeleton)

Triassic Coral ~ Modern Scleractinian = ~ Modern
Hexacoral Corallimorpharian



PNAS June 13, 2006
Naked corals: Skeleton loss in Scleractinia

Monica Medina**, Allen G. Collins%, Tori L. Takaoka®, Jennifer V. Kuehl*, and Jeffrey L. Boore*T

tDepartment of Evolutionary Genomics, Department of Ernergy Joint Genome Institute, 2800 Mitchell Drive, W alnut Creek, C& 94593; SN ational Systematics
Laboratory, Mational Oceanic and Atrmospheric Administration Fisheries Service, National Mussum of Natural History, MRC 153, Smithsonian Institution,
Washington, DC 20013-7012; and YDepartment of Integrative Biclogy, University of California Berkeley, 3060 Valley Life Sciences Building,

Berkeley, CA 94720

Cormmunicated by James W, Valentine, University of California, Berkeley, CA, April 27, 2006 {received for reviews January 14, 2006)

Stony corals, which form the framework for modern reefs, are  teristics that may be synapomorphies for the clade uniting
classified as Scleractinia (Cnidaria, Amthozoa, and Hexacorallia) in Scleractinia angd Corallimorphari
reference to their external aragonitic skeletons. However, persis- The second s
tent notions, collectively known as the “naked coral™ hypothesis, hypothesis has
hold that the scleractinian skeleton does not define a natural phylogenetic an|
group. Three main lines of evidence have suggested that some of Hexacoralliz

« Complete mitrochondrial data ~— B

e Genetic closeness of one clade of coral
with a group of anemone

Scleractinian corals
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Corallimorpharians (Discosoma, Rhodactis, Ricordea)



© Scleractinians originated 300
mya -- long before their initial
appearance in the mid-Triassic

© 110-132 mya (Early Cretaceous)

coinciding with high CO, levels and
low Ca solubility, the calcified
skeleton was lost but the “naked”
anemone continued




Pcst-
Tricssic

Scleractinia

Tricssic

L POST-PALEOCZOIC o RECENT

Permicn

Tabulata |

Carboniferous

Devonican

Silurian

N

Ordovician

; * ..
Camiorian Scleractiniamorphs

?

Stanley & Fautin 2001 Science



sepupiydospusq

sepiuog

sEpRLpUEEY
sRpuIN0
sepupludn3
2epyage;d

sepuuing

gepouin|

aepiuwseRy

sepipigdadie)

e A -
aepuyydiupes | 173

a2pIARy

BEpILAIUEN
JEpISSI
mmm.z_r..wn,
asepelueyy
sepaplydiwauy

sepubuny
sepiyedoeduny .
depRutuny
SEPIOBCRIONY

aeprouety

SEDIRIISENG

SRPUOCOLY
sepuodogiood
SRPIUSCO0LISY

" Miocene

|

|

sepRokcy

SEPUBOSUOMN
SEpYIOULN)

sepeenseuly
mmv:_Echle\

. oy
sepege. =]
SPUNG = ~'= |

sepuoydogzeln
sepesdophydoralo
sepeesepto

<

aepyididar |

sepazIN

eepgiudodis

Oligocene
Palaeoccene
Cretaceous

g
o
c
D
o

TEPUBSONLE 4

FRPUINNIGRD
aepuyydopdn

sepressyiiydey
sepiissopuedin

sepy)ludoupuez
aisseinp
2102059

Distichophylliina

Caryophylliina

Astraeoina

Fungiina

Archaeocoeniina
Pachythecalina

Stylophyllina

DISSBU)

Veron (1996)




What causecd Corals io go nakec?

Physiological responsesito’
changing’ocean cH istry
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‘Cﬁ&l»Dlversmcatlon Rates

(PaleoReefs Database) ..
.ﬂ.ragumte |

I
=
.

]

Diversification rate

||
_’ﬁ —— Dominant LMC
It —=— [Dominant AR

D
|
400

Tr J

K

I
200 100
ATE |y Kiessling et al. 2008

« Mass extinctions (dashed lines) not associated with change in Ca/Mg ratios

200 200 0

« No evidence of reduced extinction rates or greater origination/diversification
rates for aragonite corals than calcite corals






. -
_

—

Common characterisitics of biotic crises

rates exceed background -extinction typically
extinction level gradual or stepwise

Graded mass extinction Endﬂ'
Ex
=il |

Catastrophic extinction
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Stepwise mass extinction

Five events stand out
Courtillot 1959
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exiinciion Patigrns For Reefs

» Mass extinction and rapid reef collapse

» Global perturbation of oceans.involve events of
acidification

» Loss of calcifiers (corals)

> Reefs eclipse (1-10 Ma) — Delayed recovery
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END —TRIASSIC EXTINCTION

N. Jb. Geol. Palaont. Abh.
2008, vol. 2491, p. 119-127, Stuttgart, July 2008, published online 2008

Catastrophic ocean acidification at the Triassic-Jurassic boundary

Michael Hautmann, Zirich, Michael J. Benton, Bristol, and Adam Tomasovych, Chicago
With 3 figures

Havrnanm, M., BEnton, M. J. & Tomaiovvon, AL (2008): Catastrophic ocean acidification at the
Triassic-Jurassic boundary. — N. Jb. Geol. Paldont. Abh., 249: 119—127; Stuttgart.

Abstract: Palacobotanical and geochemical evidence indicate a sudden rise in atmospheric carbon
dioxide {COy) across the Triassic-Jurassic boundary, probably reflecting the combined effect of
extensive volcanic degassing and thermal dissociation of marine gas hydrates. Using carbon isotopes
as a geochemical marker, we found that the onset of the CO; emissions coincided with an inter-
ruption of carbonate sedimentation in palacogeographically distant regions, suggesting that hvdro-
lvais of CO; led to a short but substantial decreaze of seawater pH that slowed down or inhibited
precipitation of calcium carbonate minerals. The cessation of carbonate sedimentation correlates
with a major marine extinction event, which especially affected organisms with aragonitic or high-Mg
calcitic skeletons and little physiological control of biocalcification. These findings strengthen
current concerns that ocean acidification from industrial CO» release threatens biotopes that are
dominated by such organisms, in particular tropical reef systems.
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—— Ocean Acidification
N K-T extinction & reef collapse
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SCIENCE

Scleractinian Coral Species Survive
and Recover from Decalcification

. 1,3 2,3
Maoz Fine™* and Dan Tchernov
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RAINFORESTS

Some corals may survive acidification caused by rising CO2 levels
mongabay.com
March 29, 2007

Several studies have shown that increased atmospheric carbon dioxide levels are
acidifying the world's oceans. This is significant for coral reefs because acidification strips
carbonate ions from seawater, making it more difficult for corals to build the calcium
carbonate skeletons that serve as their structural basis. Research ha; shown that many
species of coral, as well as other marine microorganisms, fare quite poorly under the
increasingly acidic conditions forecast by some models. However, the news may not be bad
for all types of corals. A study published in the March 30 issue of the journal Science,
suggests that some corals may weather acidification better than others.
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Deep Sea News gg fJiscovery

The latest news on Earth’s largest environment %/

May 03, 2008

Corals are tougher than we give them credit for. They survived climate change before- perhaps in a different form,
a polypoid form lacking calcite called "the naked coral" (Stanley and Fautin 2001). Rugose corals thrived and
developed during Paleozoic, but became extinct in the Permian. One of the primary hypotheses regarding the mass
extinction of rugose corals is that increased levels of CO2 in the atmosphere resulted in reduced pH of seawater
that altered the ability of corals to form their calcitic skeleton.

The threat of "ocean acidification” has also been invoked recently, but the phylogeny of corals has been largely
overlooked. Laboratory research determined at least five species of corals can survive periods of low pH. They
transform into a gelatinous mode akin to their conphyletic sea anemones, even maintaining their ability to
reproduce and regrow skeletons as pH rises (Fine and Tchernov 2007). This supports the "naked coral” hypothesis.
The hypothesis has been used to explain the sudden reappearance of Scleractinian corals in the Middle Triassic,
when ocean conditions returned to normal, after corals were absent from the fossil record for millions of years.
They may have survived that time in a gelatinous state, its seems far fetched, but coral reefs have survived millions
of years of sea level change. They've weathered hurricanes, monsoons, brine seeps, geological faults, and
sedimentation from natural changes in riverine output and direction. They've been around a long time.
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