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Figure 1: Coral Reef Foosystem Model (CREM), model archifectire.
oalgal LPJ dynamic vegetation madel (Bonan ef al., 2003; Sitch et al., meﬁnm change

simulated with increasing sea surface tlemperature (S51), remoed a‘hm:nﬁe
(0,,.] & moreased humeane lequency. Dashed nes odcate
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Figure 3: Bleached colonies of
Acropors cenvieornes. Bleactung
caused by corals loosing their

symbiatic dinoflagellates
(Symbrodirum) n response lo
elevated sea temperatures.

Flgure 4: Cyclone damage in
the Great Barmier Heef.

g'qiue 2: Simnple calCilicalion m

model used for pradicting suitable r

_ production (Kleypas, 19497).

Figure 5: Ocean Acdiicabon
caused by anthropogenic CO,.
Aragonite saturation ((1,.;) falls
as COs? huffers H* liberated
from carbonic acid, the product

ol €0, dissulving in the vcean.
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Project Objective

To develop a novel model capable of making
future predictions of coral distributions, reef
community composition and live coral cover

globally in response to climate change by
adapting ideas from terrestrial vegetation
models (figure 1).
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Figure 1: Coral Reef Ecosystem Model (CREM), model architecture adapted from the

LPJ dynamic vegetation model (Bonan et al., 2003; Sitch et al., 2003). Climate change ’;’-":
simulated with increasing sea surface temperature (SST), reduced aragonite saturation :-f
(Qarg) & increased hurricane frequency. Dashed lines indicate a variable's influence. )

 PAR: Photosynthetically Available Radiation, and * DHM: Degree HHeating Months '




The Model

* Increase complexity, starting with simple
calcification model (figure 2), progressively
develop a more biologically realistic model
(figure 1).

One generic coral

Next time step
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%gure 2: Simple calcification model based on the ReefHab,
odel used for pré‘dlctlng smtable re'éf habltat & CaCOs
rproduc’uon (Kley,pas 1997). T L. 3
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Hurricanes |

Temperature & Bleaching

+ Heat stress response making corals appear
white (figure 3).

+ Calculate degree heating months (DHM)
(figure 1), trigger bleaching at 2°C-month
(Donner, 2009)

* During bleaching:
- no photosynthesis,

- increased mortality (heat stress &
disease).

Figure 3: Bleached colonies of
Acropora cervicornis. Bleaching
caused by corals loosing their

symbiotic dinoflagellates
(Symbiodinium) in response to
elevated sea temperatures.




Hurricanes & Cyclones

* Hurricanes & cyclones damage reefs by
removing fragile corals — storm scour
(figure 4).

+ Model periodic mortality events; timing &
intensity from hurricane records (Edwards
et al., 2011).

* Increase frequency of future events.
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Figure 4: Cyclone damage in
the Great Barrier Reef.




1urricanes

Ocean Acidification

*+ At 450ppm CO,, reefs in tolerable Q.4 will
have fallen to 8% (Cao & Caldeira, 2008)
due to ocean acidification (figure 5).

+ Calcification rate decreases with decreasing
Q.. (Kleypas & Yates, 2009).

+ Simulate growth as a function of Q..

+ Trade-off between growth rate & skeletal
density in low Q.4 (Hoegh-Guldberg et al.,
2007).

+ Simulate increased susceptibility to storm
scour after prolonged low Q..

Figure 5: Ocean Acidification HCO, + H*
caused by anthropogenic CO,.
Aragonite saturation (Q.) falls % HCO,
-2 L H A
as CO;” buffers H' liberated . car+CO

from carbonic acid, the product
of CO; dissolving in the ocean.
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