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Miocene adaptive radiation in grasshoppers revealed by a 
species-level supertree of Orthoptera

Introduction
The insect order Orthoptera includes familiar species such as 
grasshoppers, crickets, katydids, weta and locusts, many of 
which are known for their distinctive songs. There are >27,000 
species distributed globally and in a wide variety of habitats. 
Here, we test whether the origins of modern terrestrial biomes, 
characterised by the opening up of closed forest habitats into 
open habitats, during the Miocene [1] promoted increased 
speciation rates within grasshoppers.

Next steps
We now plan to test the timing of 
the observed speciation rate 
increase and correlate 
speciation rates with vegetation 
type to explore whether the 
observed differences in 
speciation rates are linked to 
environmental changes during 
the Miocene.

Results
We found that speciation rates were five 
times faster in species occupying open 
habitats than in closed habitat species. 
We attribute this to an adaptive radiation 
into new grassland habitats during the 
Miocene. Extinction rates are higher in 
closed habitat species but this may be 
an artefact of their generally older  clade 
ages. 

Methods
We built a species-level phylogeny for Orthoptera using supertree methods 
implemented in TNT [2] and time-calibrated using fossil age data [3]. The 
resulting phylogeny contains 1,535 species with representatives from all 16 
superfamilies. Next we mapped habitat trait data, collected from the 
literature, to the tree. Habitats were coded as either “open” (e.g., forest) or 
“closed” (e.g., grasslands). We then used BISSE, implemented in 
diversitree [4], to infer trait-dependent speciation and extinction rates 
across the tree.

Figure 1: MRP supertree of Orthoptera. Dashed line shows the Miocene radiation of grassland (open habitat) clades. Blue 
circles represent closed habitat, red circles represent open habitat. Figure was drawn to geological timescale in strap [5].

Figure 2: Output of trait-dependent 
diversification rate analyses; a) 
speciation rate, b) extinction rate, c) 
net diversification rate.
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