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Coevolu&on 

Joint adap&ve evolu&on of
 species in response to reciprocal
 interspecific selec&on  
(Janzen 1980) 

smithsonian.com 



Coevolu&on & Correla&on 

•  Coevolu&on can cause strong
 correla&ons between traits of
 different species 

•  Coevolu&on oLen assumed the
 cause of strong inter‐specific
 correla&ons 

•  Janzen 1980: Correla&on need
 not imply coevolu&on 

about.com 



Objec&ves & Ques&ons 

•  Quan&ta&vely jus&fy Janzen’s
 verbal arguments 

•  Use results to address: 
1.  When will correla&on imply

 coevolu&on? 

2.  Does absence of correla&on imply
 absence of coevolu&on? 

3.  Are correla&ons useful for
 evalua&ng the Geographic Mosaic
 Theory? 



Modeling Approach 

•  Two species 
–  Co‐distributed in finite popula&ons across
 large, discrete set of variable sites 

•  Local abio&c & bio&c selec&on 
–  depend on quan&ta&ve traits, z1 & z2 
–  spa&ally co‐variable abio&c selec&on 

•  Random gene&c driL  

•  Gene flow among sites 



Abio&c selec&on 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DriL & Gene Flow 

•  Random Gene&c DriL 
– Fixed local sizes n1 & n2 
– Local change in zi due to driL: 

•  E(Δzi) = 0 
•  V(Δzi) = Gi/ni 

–  Gi addi&ve‐gene&c variance for zi 

•  Gene flow 
– Wright’s island model 
–  rates m1 & m2 

... ... 

mi 



Approximate Analysis 

•  Assump&ons: 
–  fitness weakly sensi&ve to phenotype
 differences [α, γ = O(ε), ε << 1] 

–   fitness func&ons well‐approximated
 by 1st‐order Taylor series in ε 

–  addi&ve‐gene&c variances (Gi) fixed 
–  traits normally distributed 
– weak gene flow [mi = O(ε)] 
–  abio&c op&ma vary weakly [σ2ϑ = O(ε)] 

•  Aggregate variables followed: 
– Grand trait means, variances 
–  Covariances among… 

•  local trait mean & abio&c op&ma 
•  local trait means of both species 



Phenotype Matching Model:
 Local Dynamics 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Phenotype Matching Model:
 Aggregate Dynamics 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Analy&c Results 

•  Phenotype differences 
– Moments always equilibrate 

– Equilibrium interspecific covariance: 

•  Phenotype Matching 
– Moments equilibrate or evolve
 without bound 

– Equilibrium interspecific covariance: 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Individual‐Based
 Simula&ons 

•  Track movement, reproduc&on,bio&c
 & abio&c selec&on of individual
 phenotypes 

•  Infinitesimal model of inheritance 
–  Accommodates arbitrary phenotype

 distribu&ons & speeds computa&on 

•  IBM approach allows: 
–  Strong evolu&onary forces and substan&al
 environmental variability  

–  Dynamic addi&ve‐gene&c variances 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Main Findings 

•  Detectable correla&ons require: 
– Bio&c selec&on strong rela&ve to
 abio&c selec&on 
•  Also absolutely strong for phenotypic
 diffferences 

•  Correla&on need not imply
 coevolu&on (Janzen verified) 

•  Coevolu&on need not imply
 correla&on 

•  Correla&ons inclusive about
 Geographic Mosaic Theory 



Open Ques&ons 

•  Findings suggested fixed migra&on has
 lille impact on interspecific
 correla&ons 
–  Especially compared with driL 

•  How might adap&ve movement in one
 or both species alter this conclusion? 
–  Joint evolu&on of gene flow rates and
 phenotypes 

–  Joint evolu&on of “context dependent”
 movement 

•  Impacts of coupled popula&on
 dynamics? 
– Would influence driL, realized gene flow,
 palerns of interac&on and selec&on,
 persistence, etc. [“metacommunity
 coevolu&on” perspec&ve] 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