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Overview of different ways individual states can be specified 
 
Quantitative genetics: selection response with plasticity 
 
Adaptive Dynamics: phenotypic plasticity as an adaptation 



An overview of different ways to represent the  
dependence of phenotypes on the environment 
 
& how they relate 



A Model? 
 
 
-Strategic: to obtain insight, to improve ideas and qualitative predictions: “toy” model 
 

- "naïve brute force approach, faithful one-to-one reflection of biological complexity" 
(Levins 1966)  
 

 

https://en.wikipedia.org/wiki/French_flag_model 



Purpose, usage? 
 
 
 
Predict outcomes of eco-evolutionary dynamics 
 
 
Predict relative magnitudes of components of phenotypic variation 
 
 
Predict dynamics of phenotype distributions in populations 
 



Distributions – components 
 
 
 

of INDIVIDUAL STATE 
 
 

AA, X, H, G, E AA, X, H, G, E 

Reproduction, development, growth,  
heredity, environmental change 



Distributions – components 
 
 
 

of INDIVIDUAL STATE 
 
 

AA, X, H, G, E 

We want to simplify where possible and 
not track state variation and dynamics  
when it’s not necessary 
 
- Random environmental variation 
- lots of loci of small effects 
- Choose properties that are not variable 
 
 

Replace stochastic variables by means and variances 
of their distributions 
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Distributions – components 
 
 
 

of INDIVIDUAL STATE 
 
 

AA, X, H, G, E 

It can still become relatively complicated 
 
Often we are prepared to sacrifice some generality 
 
And simplify when that allows us to use more “reliable” 
 
mathematical tools 
 
 
 
 
Quantitative genetics 
Adaptive Dynamics 



The role of developmental plasticity in 
evolutionary innovation. Moczek et al. 2011. 
10.1098/rspb.2011.0971  



Character state approach 
 
Multivariate phenotype: list all traits in different environments 
Genetic variation for a plastic trait is managed in the same  
way as for a multivariate phenotype 
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Pristimantis mutabilis skin texture transformation 
Over the course of 330 seconds, the skin of the mutable rain frog 
(Pristimantis mutabilis) changed from highly textured and rough to 
smooth. 



Simplify: Markov chain with two states,  
ergodic, unique stationary distribution 
  
~ fixed fraction of time in each state 

zg,



Genetic variation for parameters of the Markov chain 
Genetic variation for stationary distributions 
 
Plasticity? 

zg, Genetic variation for phenotypes in alternative states 
Phenotypes in alternative states 



Morphospace of simulated coral colonies in two different environments: (a) 
nutrient source is above the object (i.e. mimicking the presence of competing 
colonies near the simulated colony); (b) side planes act also as the nutrient 
source (i.e. mimicking the absence of competing colonies near the simulated 
colony). The axes represent parameters that can be gradually changed in order 
to change colony morphology. Light intensity is the α parameter from equation 
(2.1). Surface diffusion is the diffusion constant D in equation (2.2). 

A comparison between coral colonies of the 
genus Madracis and simulated forms 



“Explanatory variables”: phenotypic plasticity describes causal  
effects of environmental variables on phenotype variation 
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The trait is a polynomial equation of variables characterizing the environmental state 

Example 

Reaction norms 
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We see the "parameters" b as the traits, not z 
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Reaction norms 
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Character states: reaction norms mapped to the different environmental states 
by matrix E, with the properties of the environmental states in the columns 



zb,
Phenotypes and parameters of a polynomial  
that are maybe genetically variable 



Van Tienderen, Peter H., and Hans P. Koelewijn. "Selection on reaction norms, genetic correlations and 
constraints." Genetics Research 64.2 (1994): 115-125. 



Van Tienderen, Peter H., and Hans P. Koelewijn. "Selection on reaction norms, genetic correlations and 
constraints." Genetics Research 64.2 (1994): 115-125. 

Character state models 



Two formalisms 
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Map one to the other 
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 U exists only when the number of environments is  
larger than the number of parameters in b 



Genetic variation 

ε Ebzε gz

gG bG

T
EEGG bg 

T
UUGG gb 

Ugb Ebg 



Response to selection 
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Reaction norms for individual state variation 

“Fixed” external environment = we didn’t deliberately change it 
during the experiment 

Austrolebias monstrosus 

Austrolebias charrua 



Reaction norms for individual state variation 
Explanatory variable: a state variable 

“Fixed” external environment = we recreated it every time 

Austrolebias monstrosus 

Austrolebias charrua 



Rates of growth (relative) 
 
Parameters describing phenotype as a function of  
another phenotypic state variable 
 
b is a vector of spline coefficients 
 
 

zb,



Arabidopsis Bur-0 Relative Growth Rates 
 dessication regime 
Start getting dry at day 5 intended dryness reached at ay 9/10.  
 

Phenotyping:  
Phenoscope robots 
INRA Versailles 



blastula – dispersed cells  Diapause I 

Diapause 2 

seemingly ready to hatch  Diapause 3 

somites 

apparently complete but small 
Strategy determination  

is relatively accessible, 

observable 

head formation  





Argentinian pearl killifish 
A. bellotttii 

Varela-Lasheras & Van Dooren (2014) & Van Dooren & Varela-Lasheras (in prep) 

Only faster development in air in stage two, early embryos survive better 



Rates of transition between developmental stages 
Mortality rates 
 
that are age/time/age-within-stage dependent 
 
that depend on the state of the environment 

zb,



Van Dooren & Leimar 2003, Leimar et al. 2004 

Sex determination evolution 



 
Function – valued traits 
 
g: trait values per environmental state 
infinite-dimensional 
 
b: spline coefficients 
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Van Dooren (2001) 


