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Model details 22 

— mean-mutation-change  23 

Mutation rate is often used to describe the probability of change per base-pair per generation, 24 

and mutations affecting quantitative trait loci are typically low, ranging from 10-9 -10-6 [1, 2]. 25 

Mutation rate, however, varies widely not only among different organisms [3], but among 26 

populations [3], sexes within populations [4] and among genomic regions [5, 6]. Moreover, 27 

single nucleotide changes in protein-coding sequences are but one of many possible genetic 28 

changes of evolutionary importance, because a large fraction of heritable phenotypic changes 29 

can be due to changes in regulatory sequences, epimutations, or even changes in the state of 30 

gene networks [7-10]. In fact, whereas phenotypic variants can sometimes be traced back to 31 

unique changes in the sequence of protein-coding genes [11, 12], they are often instead 32 

mediated by changes in regulatory sequences [13] or epigenetic modifications [8, 14, 15]. 33 

However, deciding the relative importance of these sources of heritable phenotypic variation 34 

to the evolutionary process is well beyond the scope of this study and is not critical for testing 35 

our hypotheses.  36 

 Instead, we have jointly modelled the probability of a genetic change, and its effect 37 

size on the phenotype, and we have called it mean-mutational-change. In this way, mean-38 

mutational-change is a parameter used to simulate the magnitude of mutational change on the 39 

genotype (for plastics and non-plastics) and on the plasticity-range (for plastics only).This 40 

approach is more inclusive of genetic sources of variation and only assumes that regardless of 41 

the nature of the genetic change occurred (single base-pair substitution, recombination, 42 

addition/deletion of transcription factors, epimutation, etc), genetic changes causing small 43 

phenotypic effects are more likely than genetic changes causing large phenotypic effects. This 44 

is in accordance with the literature on quantitative trait loci (QTLs), where a few QTL of large 45 

effect and an increasing number of additional modifier QTLs of smaller effects are commonly 46 
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reported [16, 17]. It is also in accordance with Fisher’s geometric model of mutational effect 47 

sizes [18]. 48 

 Consequently, we used a negative exponential function with mean mean-mutational-49 

change to describe the probability of occurrence of genetic changes of a certain size. This 50 

distribution captures the idea that larger effects of genetic mutation upon the resulting 51 

phenotype are very rare. This is calculated as ( ̶  mean-mutational-change) * ln(x), where x is 52 

a floating point pseudorandom number between 0 and 1. 53 

Upper figure shows the resulting histogram for mean-mutational-change = 0.025, and lower 54 

figure shows the same for mean-mutational-change = 55 

0.05.  56 

 57 

 58 

 59 

 60 

 61 

 62 

— plasticity-costs 63 
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The evolution of plasticity is thought to be dependent upon costs of plasticity, which could be 64 

of very different nature. The most general notion of costs of plasticity is that of maintenance 65 

costs, i.e. energetic costs associated to the maintenance of sensorial mechanisms and 66 

regulatory mechanisms enabling the potential for changing the phenotype according to the 67 

perceived environment [19, 20]. In addition to maintenance costs, plastic genotypes are also 68 

expected to incur in production costs or costs incurred during the process of phenotypic 69 

change that exceed those experienced by genotypes of fixed phenotypes. In our view these 70 

two are the two most general costs of plasticity that can be expected, and would apply to all 71 

kinds of phenotypic plasticity, regardless of the trait involved, the type(s) of cue(s) triggering 72 

the phenotypic change or the ontogenetic stage of the organism. Discussion of the existence 73 

and relative importance of more particular cases of costs and limits of plasticity can be found 74 

in [19-21]. In our model, we introduced maintenance and production costs of plasticity. Once 75 

the phenotype is developed, individuals have a mortality probability according to their 76 

realized match to the environment (see 'die-by-mismatch?' in main text). Costs intervene 77 

because plastics have two additional potential mortality causes: costs of maintaining a given 78 

plasticity-range and the costs of the plasticity-used (see 'die-by-plasticity-costs?' in main text).  79 

 80 

Literature cited 81 

1. Drake J.W., Charlesworth B., Charlesworth D., Crow J.F. 1998 Rates of spontaneous 82 

mutation. Genetics 148, 1667-1686. 83 

2. Ellegren H., Smith N.G.C., Webster M.T. 2003 Mutation rate variation in the 84 

mammalian genome. Curr. Op. Gen. Dev. 13, 562-568. 85 

3. Aquadro C.F., Bauer DuMont V., Reed F.A. 2001 Genome-wide variation in the 86 

human and fruitfly: a comparison. Curr. Op. Gen. Dev. 11, 627-634. 87 

4. Ellegren H., Fridolfsson A.-K. 2003 Sex-specific mutation rates in salmonid fish. J. 88 

Mol. Evol. 56, 458-463. 89 



Gomez-Mestre and Jovani  ESM  —  5 

5. Wolfe K.H., Sharp P.M., Li W.-H. 1989 Mutation rates differ among regions of the 90 

mammalian genome. Nature 337, 283-285. 91 

6. Lercher M.J., Hurst L.D. 2002 Human SNP variability and mutation rate are higher in 92 

regions of high recombination. Trends Gen. 18, 337-340. 93 

7. Prud'homme B., Gompel N., Carroll S.B. 2007 Emerging principles of regulatory 94 

evolution. Proc. Nat. Acad. Sci. 104, 8605-8612.  95 

8. Bossdorf O., Richards C.L., Pigliucci M. 2008 Epigenetics for ecologists. Ecol. Lett. 96 

11, 106-115. 97 

9. Hittinger C.T., Goncalves P., Sampaio J.P., Dover J., Johnston M., Rokas A. 2010 98 

Remarkably ancient balanced polymorphisms in a multi-locus gene network. Nature 464, 54-99 

58. 100 

10. Day T., Bonduriansky R. 2011 A unified approach to the evolutionary consequences 101 

of genetic and nongenetic inheritance. Amer. Nat. 178, E18-E36. 102 

11. Gerhart J., Kirschner M. 1997 Cells, embryos, and evolution : toward a cellular and 103 

developmental understanding of phenotypic variation and evolutionary adaptability. Malden, 104 

Mass., Blackwell Science; xiii, 642 p. p. 105 

12. Hoekstra H.E., Coyne J.A. 2007 The locus of evolution: Evo devo and the genetics of 106 

adaptation. Evolution 61, 995-1016. 107 

13. Carroll S.B. 2008 Evo-devo and an expanding evolutionary synthesis: A genetic 108 

theory of morphological evolution. Cell 134, 25-36. 109 

14. Gilbert S.F., Epel D. 2009 Ecological developmental biology. Sunderland, MA, 110 

Sinauer Associates; 480 p. 111 

15. Cabej N.R. 2012 Epigenetic principles of evolution. London, Elsevier. 112 

16. Orr H.A. 2001 The genetics of species differences. Trends Ecol. Evol. 16, 343-350. 113 



Gomez-Mestre and Jovani  ESM  —  6 

17. Albert A.Y.K., Sawaya S., Vines T.H., Knecht A.K., Miller C.T., Summers B.R., 114 

Balabhadra S., Kingsley D.M., Schluter D. 2008 The genetics of adaptive shape shift in 115 

stickleback: pleiotropy and effect size. Evolution 62, 76-85. 116 

18. Orr H.A. 2005 The genetic theory of adaptation: a brief history. Nat. Rev. Genet. 6, 117 

119-127. 118 

19. DeWitt T.J. 1998 Costs and limits of phenotypic plasticity: Tests with predator-119 

induced morphology and life history in a freshwater snail. J. Evol. Biol. 11, 465-480. 120 

20. Auld J.R., Agrawal A.A., Relyea R.A. 2009 Re-evaluating the costs and limits of 121 

adaptive phenotypic plasticity. Proc. Roy. Soc. B 277, 503-511. 122 

21. DeWitt T.J., Scheiner S.M. 2004 Phenotypic plasticity : functional and conceptual 123 

approaches. Oxford, Oxford University Press; xii, 247 p. 124 

 125 

 126 


