
P E T E R  M A Y H E W  

Diversification inferences from 
family level phylogenies 



Questions 2002-2015 

 

 How has taxonomic richness changed over time? 

 

 Which hexapod groups have experienced shifts in 
diversification? 

 

 Which characteristics predict shifts in 
diversification? 

 

 



Inspiration in 2001: 
 

Andy Purvis’ 1996 review in  
“New Uses for New Phylogenies”.  

Wheeler et al. 2001 Cladistics 



2002-2007: Initial result and thinking 
Quantitative and hypothesis-testing 



Approaches to studying hexapod macroevolution 

 Pure Paleontological: taxon counting, no explicit use 

 of phylogeny. 

 Pure Neontological: undated trees, sister-taxon 
comparisons, extinct taxa ignored 

 

 Mixed approaches:  

 Mostly Neo, bit of Paleo: Dated trees of extant taxa 

 Mostly Paleo, bit of Neo: trees of extinct+extant taxa, filling in 
the fossil gaps with trees. 

 



Working at the family level 

 

 It’s the next level down from Order (so the next most 
obvious target). 

 

 Family level phylogenies can be reasonably complete 

 

 Fossil richness through time is addressed at family 
level (reason: completeness) 

 



Ways forward 2008-2015 

Rob Davis 

Emily Saunders 

Dave Nicholson 

Andrew Ross 

Matthew Clapham James Rainford 

Using trees to 
correct fossil 
richness 

Cataloging fossil 
family richness 

Standardizing  
fossil family richness 

Family level 
phylogeny 



Filling in fossil gaps with Phylogenies 

+ 

Supertree topology Dates of first and last occurrence 



Family level diversity is higher earlier 

Odonatoidea 

Davis et al. 2011. BMC Evolutionary Biology 11:252.  



Standardized richness 

Clapham et al. 2016. Proceedings B 283: 20152476  



Tectonic setting predicts some variation 

Clapham et al. 2016. Proceedings B 283: 20152476  



Family level phylogeny 

Rainford et al. 
2014. PLoS ONE 
9: 109085 



Tree “pipeline” 

 Using original molecular data  

 Use widely sampled markers (nuclear protein 
coding: CAD, Ef1α, PGD; mitochondrial protein 
coding: (COI, COII); rRNA sequences: 16S, 18S and 
28S. Chimeric taxa 

 7021bp, 874 tips, 903 families, 51% bp completeness. 

 But not the best dataset for deep level relationships, 
so constrained tree. 

 Mixed analytical methods: ML for topology, 
ultrametricize by Bayesian relaxed clock, 86 fossil 
constraints as minimum bounds.  

Similar to phyloGenerator, Chester’s 2017 species level insect tree.  



Once we have a tree 

 Ask questions:  

 How has taxonomic richness changed over time? 

 Which hexapod groups have experienced shifts in 
diversification? 

 Which characteristics predict shifts in diversification? 

 Add in species richness counts and other trait data 

 Apply evolutionary models: 

 Medusa/BAMM/TreePAR for richness changes 

 

 



How has richness changed over time? 

Rainford et al.2014. PLoS ONE 9: 109085 



Medusa analysis of diversification 

Rainford et al. 
2014. PLoS ONE 
9: 109085 



BAMM analysis of diversification 

Condamine et al. 2016 Scientific Reports 6: 19208  



Rates through time from BAMM 

Condamine et al. 2016 Scientific Reports 6: 19208  



Herbivory 

 Mitter et al. (1988): Phytophagy is associated with 
higher richness. 

 

 Since then, tree-based analyses on subtaxa have been 
mixed (e.g Hunt et al. 2007). 

 

 So what does the whole family tree show? 



Rainford et al.  
2016 Am Nat  
186: 777-791 



There are several rich phytophagous groups 

Wiens et al. 2015 Nature Communications 6: 8370 



PGLS: % herbivory associated with rate 

Wiens et al. 2015 Nature Communications 6: 8370 

 

 

 

 
Rainford et al.

12
 Diversification 

rate∼herb. 
0.2692 0.0003 207.1512 

  Diversification 
rate∼wings 

0.2558 0.0005 207.1406 

  Diversification 
rate∼holometab
oly 

0.2330 0.0010 208.0750 

  Diversification 
rate∼herb. 
+holometaboly 

0.4840 <0.0001 197.7849 

  Diversification 
rate∼herb. 
+wings 
+holometaboly 

0.5414 <0.0001 196.1284 

Tree Variables R2 P AIC 

https://www.nature.com/articles/ncomms9370#ref12


Sister taxon comparisons 

 Wiens et al. (2015): Order level, yes.  

 Within large orders: yes in Diptera, not in others 

 Combined: yes.  

 

 Rainford et al. (2016): No 

 

 Differences? Diet treated as categorical or 
continuous; phylogenies slightly different.  

 



Sister taxa: no diet affects richness 

 



Body length and diversification 

Rainford et al. 2016 BMC Evol Biol 16:8 



Body length ancestral states 

Rainford et al. 2016 BMC Evol Biol 16:8 



Body length and diversification 

Rainford et al.  
2016 BMC Evol 
Biol 16:8 



Summary of findings 

 Family richness through time peaked earlier than the raw 
fossil record suggests. 

 However, net rate of speciation is likely increasing over 
time. 

 Did metamorphosis affect rates? We’re not sure 

 Did phytophagy affect rates? Generally, we’re not sure 

 Did body size affect rates? No evidence 

 

 Why can’t we be sure? Different approaches give 
different answers. The data and methods are imperfect. 

 

 

 



The future 

Progress has been made: 

 

 Statements can be supported/refuted by specific 
analyses 

 

 We know what we need to know, and also how little 
we know:  

 

 Appropriate modesty tempered by optimism.  


