Is there a phylogenetic signature in specificity of response of plants to mycorrhizal fungi?  

This is the general question which we are hoping to get at with this analysis..  As background, specificity of the AMF association is very low (ie widely different plants are able to associate with widely different AM fungi).  However, the specificity of plant response to AM fungi can be very high (ie mycorrhizal responsiveness of plants to AM fungi depends upon the species of plants and the species of fungi).  We do not know whether the specificity of plant response depends upon phylogenetic distance of plants, fungi, or both (or environment).

We hope to get at this question within the larger phylogenetic mixed model, in which it would be tested within the plant phylogeny*fungal phylogeny interaction.  I am also interested in testing the phylogenetic dependence by testing for relationships between metrics of specificity and phylogenetic distance of plants, fungi, and their interaction.

There are multiple metrics for specificity (and it would helpful for others to check into them to come to opinions on their merit) but I prefer a metric that isolates specificity from main effects of host or main effects of fungi.  One metric for evaluating the extent of specificity of interaction builds directly on the anova approach to breaking out host response to variation in host average responsiveness, fungal average effectiveness, and the interaction term, which we will call the specificity of growth promotion.  That is, we use the Anova approach to partitioning variance into three components:  variation in host responsiveness, variation in AM fungal effectiveness, and variation in specificity of growth promotion.  

For each host A and B grown with fungi X and Y, evaluate mycorrhizal response as difference with control for each combination as 

MycResponseij = Av growth of host i with fungus j – Av growth of host i in control.


or MycResponseij = Av growth of host i with fungus j/Av growth of host i in control.

Calculate overall mean host response = MycResponse.. = Σpij MycResponse ij
Calculate average MycResponse of each host i = MycResponsei. = Σpj MycResponse ij
SSResponsiveness = Σpi (MycResponse i. – MycResponse..)2
Calculate average effectiveness of each AMF isolate = MycResponse.j = Σpi MycResponseij
SSEffectiveness = Σpj (MycResponse.j – MycResponse..)2
SSSpecificity = Σpipj (MycResponse ij – MycResponse i. – MycResponse.j + MycResponse..)2 

SSTotal = Σpipj (MycResponse ij – MycResponse..)2
SSTotal = SSResponsiveness + SSEffectiveness + SSSpecificity
Proportion of total variation due to variance in Average Responsiveness of Host 


= ή2Responsiveness = SSResponsiveness/ SSTotal
Proportion of total variation due to variance in Effectiveness of Fungi 



= ή2Effectiveness = SSEffectiveness/ SSTotal
Proportion of total variation due to variance in Specificity of Growth Promotion


= ή2Specificity = SSSpecificity/ SSTotal
This does not include error variance.  We could include error variance in the denominator.  Doing this would positively weight experiments with more significant effects.  Could also use error variance as an independent inverse weight.. separate from the calculations of eta2.  

So in practice.. for John’s data there are 10 plant species, so 10*9=90 plant pairs, so 90 pairwise ή2Responsiveness.  Similarly, there are 10 fungal species, so 90 pairwise ή2Effectiveness.  And there are 90*90 = 8,100 pairwise ή2Specificity.  Clearly, these over represent the degrees of freedom in the study which =100, tests of significance will have to be adjusted accordingly, but I am hoping that we can use regression approaches to test models such as

pairwise ή2Specificity  = f(phylogenetic distance between plant pairs, phylogenetic distance between fungal pairs, and their interaction).  
