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Biological consequences

Kroeker et al. 2012 GCB

Poloczanska et al. 2013 NCC

Observations

Experiments
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Evolutionary perspective

Extrapolations from short-term experiments risk 
overestimating impacts
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Evolutionary perspective

• Projections that include 
evolutionary potential

• Models that incorporate 
demographic effects of 
climate change and 
adaptive potential

• Evolution and ecology
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• Acclimation (acclimatization)

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

• Genetic Adaptation (evolution)

– Selection on genetic variation 
that is inherited from one 
generation to the next

Acclimation and adaptation



• Rapid phenotypic 
response to 
environmental change

• Enable performance to 
be maintained in a new 
environment

• Time for adaptation to 
catch up

Plasticity

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



Plasticity

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

• Species that live in variable environments



Plasticity

• Irreversible response to environmental 
conditions experienced during ontogeny

• Influences response of later life stages



Plasticity

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

• Relevant to climate change
Munday 2014 F1000Prime Reports, 6:99



Transgenerational Plasticity

Argrawal et al. 1999 Nature

Daphnia (waterflea) response to predator chemical cues



• Nutrients
– Yolk

• Cytoplasmic factors
– Hormones and proteins

• Epigenetic marks
– DNA methylation

– Chromatin structure

– Modify the activation of genes

– Influenced by the environment

– Potentially heritable



• Limited capacity for 
reversible acclimation

• + 1.5- 3°C affects:
– growth, reproduction, 

aerobic performance

• Rearing fish over 
multiple generations
– Developmental

– Transgenerational

Transgenerational Plasticity
Spiny damselfish



Acute effects
28.5°C 31.5°C30.0°C

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



Developmental plasticity
28.5°C 31.5°C30.0°C

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



Transgenerational plasticity

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

28.5°C 31.5°C30.0°C



Veilleux et al. 2015 Nature Climate Change, 5:1074-1078

• 53 key genes

• Metabolism – shifts in 
energy production

• Immunity and stress

• Tissue development 
and transcriptional 
regulation

Mechanism



Donelson & Munday 2016 Global Change Biology 21:2954-62

Ambient
+1.5°C 

developmental
+1.5°C 

transgenerational

Sex ratios



Ambient
+3°C 

developmental
+3°C 

transgenerational

Sex ratios

Donelson & Munday 2016 Global Change Biology 21:2954-62



Salinas & Munch 2012. Ecology Letters 15:159

• Temperature and growth
– Sheepshead minnow
– Stickleback

• High CO2 and survival
– Atlantic silverside

• High CO2 and growth
– Cinammon clownfish

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

Murray et al. 2014 MEPS 504:1-11

Shama et al. 2014 Functional Ecology, 28: 1482-1493



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

No transgenerational plasticity



Maladaptive effects

Crews et al. 2007 PNAS 104: 5942

F1

F2

F3
Crews et al. 2012 PNAS 109: 9143

Fungicide

Altered DNA 
methylation in sperm

Mate choice

Disease prevalence

Stress response



Future directions

• Longer-term experiments that account for 
plasticity within and between generations

• What are the costs or trade-offs?

• Does plasticity translate to persistence?

• Can we predict which species will exhibit TGP 
or other forms of plasticity?



• Acclimation
– Physiological, behavioural 

or morphological 
adjustment without genetic 
selection (plasticity)

• Genetic Adaptation
– Selection on genetic 

variation that is inherited 
from one generation to     
the next

Adaptation



Adaptation

Vander Wal et al. 2013 Phil. Trans. R. Soc. B, 368:20120090

• Genetic adaptation can sometimes 
be surprisingly rapid



• Field studies

• Experimental evolution

• Quantitative genetics

• Molecular approaches

• Combined
– molecular and experimental

Assessing evolutionary potential



• Parent-offspring correlations

• Pedigree mapping

• Breeding designs
– partition phenotypic    

variation
• fathers
• mothers
• fathers*mothers
• environment

• Heritable genetic variation

Quantitative genetics

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



Quantitative genetics

Malvezzi et al. 2015 Evolutionary Applications 8:352-362



Quantitative genetics

Malvezzi et al. 2015 Evolutionary Applications 8:352-362

Additive genetic variation 
for survival in high CO2

• Cross-fertilized 42 males & 29 
females

• Constructed a parent-offspring 
pedigree using microsatellites

• The Animal Model to partition 
phenotypic variance



Quantitative genetics

Munoz et al. 2015 Nature Climate Change, 5: 163-166



Munday et al. 2016 Global Change Biology doi: 10.1111/gcb.13419

Quantitative genetics

F0

F1

F2

Multigenerational pedigree

• High heritability 
of growth and 
metabolism

• G x E imply 
capacity for 
adaptation



Experimental molecular approaches



Experimental molecular approaches

Molecular signature of parental tolerance to high CO2

Quantitative genetics to confirm and estimate heritability

Schunter et al. 2016 Nature Climate Change 6:1014-1018



Experimental molecular approaches

• Tolerance to high CO2
defined by regulation of 
circadian rhythm

• Tolerant individuals less 
pronounced ion-regulation

• Less interference with 
neurotransmitter function

Mechanism

Schunter et al. 2016 Nature Climate Change 6:1014-1018



Future directions

• Genetic correlations between traits

Negative correlation:
Weak evolutionary response

Positive correlation:
Strong evolutionary response

Munday et al. 2013 Ecology Letters 16:1488-1500



Future directions

• Genetic correlations between traits

• Understanding the interaction between 
plasticity and genetic adaptation

• Does plasticity affect genetic adaptation?
– retard by shifting phenotype without selection?

– accelerate by genetic assimilation?



Future directions

• Genetic correlations between traits

• Understanding the interaction between 
plasticity and genetic adaptation

• Does acclimation affect genetic adaptation?

• Include evolutionary potential in 
demographic models (evolutionary rescue)
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High emissions scenario Moderate emissions scenario

No adaptation
One symbiont with adaptation
Multiple symbionts

Basket et al. 2009 Ecological Applications 19: 3-17
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High emissions scenario Moderate emissions scenario

Basket et al. 2009 Ecological Applications 19: 3-17

All populations go extinct Adaptation and diversity 
promote persistence 
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