Predicting evolutionary responses to climate
change In the sea: progress and challenges






Biological consequences

Observations

Poloczanska et al. 2013 NCC

Experiments

Kroeker et al. 2012 GCB

Effect size (response to CO,)



Evolutionary perspective

« Extrapolations from short-

term experiments risk
overestimating impacts




Evolutionary perspective

 Extrapolations from short-
term experiments risk
overestimating impacts

e Projections need to
Incorporate evolutionary
potential

« Models that incorporate
demographic effects of
climate change and
evolutionary potential
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Acclimation and adaptation

o Acclimation(acclimatization)

— Physiological, behavioural
or morphological
adjustment without genetic
selection (plasticity)

Performance

« Genetic Adaptation

— Selection on genetic

variation that is inherited T emperature
from one generation to
the next



Acclimation

* Rapid phenotypic
response to
environmental change

* Improves performance
IN new environment

 Time for adaptation to
catch up

Sunday et al. 2014 TREE, 29: 117-125



Acclimation

Sunday et al. 2014 TREE, 29: 117-125



Acclimation

« Short-term regulated responses to environmental
variation: e.g. diel & seasonal variation

o Species that live in variable environments



Acclimation

* |rreversible response to environmental
conditions experienced during ontogeny

* Influences response of later life stages



Acclimation

e Environment experienced by the parents (or
earlier generations) influences the offsprings’
response to environmental conditions



Transgenerational Acclimation

Daphnia (waterflea) response to predator chemical cues
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e Nutrients
— Yolk

e Somatic factors

— Hormones and proteins

* Epigenetic state
— DNA methylation

— Chromatin structure
— Modify the activation of genes
— Influenced by the environment

— Heritable!



Transgenerational Acclimation

» Limited capacity for Spiny damsefish

reversible acclimation
e + 1.5- 3°C affects:

— growth, reproduction,
aerobic performance

* Rearing fish over
multiple generations

— Developmental

— Transgenerational



Experimental design

FO Breeding pairs kept at current-day temperatures

F1 Current day +1.5°C +3.0°C
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Experimental design

FO 8 breeding pairs kept at current-day temperatures

F1 Current day +1.5°C +3.0°C
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Acute effects

J 285°C 300°C ] 315°C

Donelson et al. 2012 Nature Climate Change 2: 30-32



Developmental acclimation

J 285°C 300°C ] 315°C

Donelson et al. 2012 Nature Climate Change 2: 30-32



Transgenerational acclimation
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Donelson et al. 2012 Nature Climate Change 2: 30-32



Transgenerational acclimation

Miller et al. 2012. Nature Climate Change, 2: 858-861



No transgenerational acclimation

Welch et al. 2014. Nature Climate Change, 4: 1086-1089



No transgenerational acclimation

Welch et al. 2014. Nature Climate Change, 4: 1086-1089



Summary

e Transgenerational acclimation is a powerful

mechanism by which populations can adjust
to rapid climate change

* May take several generations for full
acclimation potential to be expressed

* Not all traits acclimate across generations



Future directions

o Wil short-term acclimation translate to
long-term persistence?

 \What are the costs or trade-offs?

* Does acclimation affect genetic adaptation?
— Retard by shifting phenotype without selection?

— Accelerate by genetic assimilation?



Adaptation

» Genetic Adaptation

Performance

— Selection on genetic

variation that is inherited T emperature
from one generation to
the next



Assessing evolutionary potential

Field studies
Experimental evolution
Quantitative genetics
Molecular approaches

Combined



Assessing evolutionary potential

Field studies
Experimental evolution
Quantitative genetics
Molecular approaches

Combined

— molecular & field or
experimental



Field studies

Population comparisons

— environmental gradients

— analogue environments

Evidence for adaptation

Distinguishing plasticity
VS genetic adaptation

Time frame unknown

Eliason et al. 2011. Science 332: 109-112



Field studies

Analogue environments external larval supply

— e.g. upwelling zones or
natural CO, seeps ) 4

Confounding factors

— €e.0. nutrients or temperature

Spatial extent vs scale of
population connectivity

Genetic migration load



Experimental evolution

e Rear for many
generations under
selection

 Realised evolution

o Best suited to
small, short-lived
organisms that can
be cultured (e.g.
algae, plankton)

Sunday et al. 2014 TREE, 29: 117-125



Experimental evolution

Control High CO,
Jin et al. 2013 Evolution: 1869-1878



Quantitative genetics

 Parent-offspring correlations
e Pedigree mapping

* Breeding designs



Quantitative genetics

Parent-offspring correlations
Pedigree mapping

Breeding designs

— partition phenotypic
variation
 fathers
e mothers
e fathers*mothers
e environment

Heritable genetic variation



Quantitative genetics

Munoz et al. 2013 Nature Climate Change, 5: 163-166



Quantitative genetics

0"

Munoz et al. 2013 Nature Climate Change, 5: 163-166



Molecular approaches

e Survey genetic variation
(e.g. alleles)

* |dentify genetic selection

e Insight to mechanisms
(e.g. transcriptome)

« Alone do not predict
evolutionary potential

» Genotype-to-phenotype
map Is weak

Evans et al. 2015 Comparative Biochem & Physiol



Molecular approaches

e Survey genetic variation
(e.g. alleles)

* |dentify genetic selection

e Insight to mechanisms
(e.g. transcriptome)

« Alone do not predict
evolutionary potential

e Most powerful with field
studies or experiments

Evans et al. 2015 Comparative Biochem & Physiol



Molecular approaches
2
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Palumbi et al. 2014 Science, 344: 895-898



Molecular approaches
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Genetic adaptation
Epigenetic
Developmental

Palumbi et al. 2014 Science, 344: 895-898

50:50 “fixed” and acclimation



Summary

Increasing evidence for evolutionary potential

Range of technigques and approaches available

Experimental approaches that examine
heritability and evolution of phenotypic traits

Need to test for acclimation and adaptation

Acclimation may be especially important in
buffering populations against climate change



Future directions

e Genetic correlations between traits



Future directions

Genetic correlations between traits

Testing Interaction between acclimation and
genetic adaptation

Include evolutionary potential in demographic
models (evolutionary rescue)

Community level models?
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