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Responses to climate change McCarty 2001
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Management in a changing climate

 Movement
e Acclimatization
 Genetic adaptation
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> Protect response capacity

1. Protect locations with
greater response capacity

2. Protect against local impacts
that may reduce response
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Critical species Parmesan 2006
e Moveinent

o Acciiiviatization >~ Protect response capacity

» Genetic adaptation




Genetic adaptation: theory
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Coral bleaching: future threat

Cumulative-thermal-stress-based Donner et al. (2007)
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Potential for coral response

Hughes et al. Rowan (2004)
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Central gquestion: rate of response

Can coral reefs respond to climate change via
genetic adaptation & community shifts?

Donner et al.
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Model populatlon dynamics
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Model: genetic dynamics

Population growth rate

Fithess

A

I alt) \
Phenotype (f)

/7’“\
4 \
/ \
/I 1
’/_|. |___
f

Temperature (4t))

Asymptotic growth rate

Density dependence

N
Phenotype ( Genotype
distribution distribution

w

Environmental

N
[e3]

O
o
p
=
©
1
0]
o
£
0]
=

effects o= (L gt et H(t)gimlz) 2eba0)

/\ dGim _ o giml A)-Giml 5eba
dt

Phen(l)type (f) | dFPgim -2 . % gim gebay
dt v

Phenotype
frequency

Adapted from Lynch et al. (1991)



Model tests

* Multiple locations

. Multlple climate models & scenarios

HadCM3 GFDL 2.1 (=]

. Predlctlons with past temperatures
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Model tests

* Multiple locations

e Multiple climate models & scenarios
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Baskett, Gaines, & Nisbet, in revision, Ecol Appl

Symbiont diversity
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Baskett, Gaines, & Nisbet, in revision, Ecol Appl

Symbiont diversity
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Baskett, Gaines, & Nisbet, in revision, Ecol Appl

Symbiont diversity
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Baskett, Gaines, & Nisbet, in revision, Ecol Appl
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Baskett, Gaines, & Nisbet, in revision, Ecol Appl

Sensitivity analysis
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Conclusions: coral bleaching

Accounting for biological variation and dynamics reveals
Importance of future climate scenario to coral persistence

Protecting response capacity

= Which reefs to protect?
High diversity, low stress levels (with connectivity)

= Which additional impacts to protect against?
Reduce algal competition, impacts on coral mortality and
recruitment (vs. coral growth, fragmentation)




Management in a changing climate

 Movement
e Acclimatization
 Genetic adaptation
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> Protect response capacity

1. Protect locations with
greater response capacity

2. Protect against local impacts
that may reduce response
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Coral bleaching: future threat

Temperature-based

Cumulative-thermal-stress-based
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Corals: multiple human impacts

Jackson et al. 2001 Q

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




Emissions scenarios

Emissions, concentrations, and temperature changes corresponding
to different stabilization levels for CO, concentrations

{a) CO; emissions (Gt C)

(b) GO concentration (ppm)
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Results: more symbiont diversity
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Results: sensitivity analysis
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Results: latitudinal gradient
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Results: symbiont fluctuations
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Conclusions

Accounting for biological variation and dynamics reveals
Importance of future climate scenario to coral persistence
Protecting response capacity

= Which reefs to protect?
High diversity, low stress levels (with connectivity)

2050 2100

= Which additional impacts to protect against?
Reduce algal competition, impacts on coral mortality
and recruitment (vs. coral growth, shrinkage)







Results: symbiont diversity
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Results: symbiont diversity
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Results: symbiont diversity
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Results: coral diversity
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Results: more symbiont diversity
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Conservation priorities

1. Can coral reefs respond to climate change via
genetic adaptation & community shifts?

2. How do we protect corals more likely to survive climate change?

(a) Which reefs to protect?

 Diversity vs. more stress-tolerant species/types
 Locations w/low stress vs. selection for stress-tolerance
« Connectivity — enhance recruitment or input of malapdapteds

(b) Which additional human impacts to protect against?

» Locally: Sedimentation, eutrophication, herbivore overfishing, COTS

» Globally: Ocean acidification, storm intensity, disease

Differentially affect coral growth/recru|tment/shr|nkage/mortal|ty/compet|t|on
w/macroalgae g,




Model dynamics: added biological detall
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Spatially-structured model
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Size-structured model: symbiont diversity
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Two corals: initial conditions
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Two symbionts: initial conditions
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Coral-macroalgae competition
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Multiple locations with varying stress
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Connectivity between two locations
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Sensitivity analysis : symbiont parameters
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Sensitivity analysis: coral parameters
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Conclusions (part 2)

e Genetic and community variation in symbiont thermal
tolerance may allow coral response to climate change

e Accounting for biological variation and dynamics reveals
Importance of future climate scenario to coral persistence

e Conservation priorities
= High diversity
= Low-stress locations (with connectivity)
* Reduce algal competition, impacts on coral mortality and recruitment

Photos: reefbase.org



Results: size-structured model
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Size-structured model: transmission type
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Size-structured model: hysteresis point
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Size-structured model: hysteresis point
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Past and future stress: multiple locations

R & | Hadous (2030-2039) |
(Donner et al. 2005)

Past stress (reefbase.org)
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Coral cover: multiple locations
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Sensitivity: all state variables
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Runoff effects
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Calcification
Tissue thickness

Juvenile growth / survival

Zooxanthellae density =
Photosynthesis -
Adult colony survival

Fabricius (2005)



