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χ

E1a E1b E2a E2b E3a E3b E4a E4b E5a E5b E6a E6b E7a E7b E8a E8b E9a E9b
12S 2 1 2 2 1 1 1 1 1 1 1 2 2 2 1 1 2 1
16S 1 1 1 2 1 1 2 2 1 1 1 1 1 1 2 2 1 2
ATP6 1 1 1 1 1 1 1  2 1 2 1 2 2 1 1 1  
COX1 2 2 1 2 1 1 2 1 2 1 1 2 1 1 2 1 1 1
COX2 2 1 1 1 1 1 1 1 1 1 1 2 1 2 2  1 1
COX3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
CYTB 1 1 2 2 1 1   2 1 2 1 1 1  1 1 1
ND1 1 1 2 2 1 1 1 1 1 1 2 1 2 2 1 1   
ND2 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1  2
ND3 2 1 1 1 1 1 1 1 1 2  2 1 1   1 1
ND4 1 1 1 1 1 1 1  1 2 1 2 1 1 1 2 1 2
ND4L 1 1 1 2 1 1 2  1 1 1 2 2 2 1 1 2 1
ND5 1 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1
ND6 2 2 2 2 1 1 1 1 2 1 2 1 2 2 1 1 1  
1 9 12 10 7 14 14 10 9 9 12 9 7 9 8 9 10 10 8
2 5 2 4 7 0 0 3 1 5 2 4 7 5 6 3 2 2 3
%1 64.29 85.71 71.43 50 100 100 76.92 90 64.29 85.71 69.23 50 64.29 57.14 75 83.33 83.33 72.73
χ2 0.29 0.008 0.109 1 0.000 0.000 0.052 0.011 0.285 0.008 0.166 1 0.285 0.593 0.083 0.021 0.021 0.132
ET 0.122 0.006 0.061 0.209 0.000 0.000 0.035 0.009 0.122 0.005 0.087 0.209 0.122 0.183 0.053 0.016 0.016 0.081 
%IS 78.4 78.4 94 94 80.2 80.2 77.5 77.5 87.6 87.6 76.7 76.7 79.6 79.6 74.2 74.2 75.5 75.5
TBL 983.2 64.4 1.5 3.2 3936.5 444.1 16972.1 60.7 176.8 15.3 6666.6 72.3 5252.4 41.7 9967.6 63.6 1510.9 172.8
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 D1a D1b D1c D2a D2b D2c D3a D3b D3c D4a D4b D4c D5a D5b D5c

12S 1 1 1 1  2 1 1 1 = 1 2 2 2 2

16S 1 1 1 1 1 1 1 1 1 = 1 = 2 2 2

ATP6 1 1 1 1 1 1 1 2 1 2 1 1 1 1 1

COX1 1 2 1 1 1 1 1 1 2 2 2 2 2 2 2

COX2 2 1 1 1 1 1 = 1 2 1 1 1 1 2 1

COX3 1 1  1 1 2 2 2 2 1 1 1 2 2 2

CYTB 1 1 1 1 1 1 1 1 1 2 1 1 2 1 1 

ND1 1 1 1 1 2 2 1 1 1 1 1 1 2 2 2

ND2 1 1 1 1 1 1 2 1 1 1 1 1 1  1

ND3 1 1 1 1 2 2 2 1 2 1 1 1 1 2 1

ND4 1 1 2 1 1 1 1 1 2 1 1 1 1 2 2

ND4L 2 2 2 1 1 1 2 1 1 1 1 1 1 1 2 

ND5 1 2 1 1 1 1 1 1 1 1 1 1 1 2 2

ND6 1 2 1 1 1 1 1 1 1 2 2 2 1 2 2

1 12 10 11 14 11 10 9 12 9 8 12 10 8 3 5

2 2 4 2 0 2 4 4 2 5 4 2 3 6 10 9

%1 85.71 71.43 84.62 100 84.62 71.43 64.29 85.71 64.29 57.14 85.71 71.43 57.14 23.078 35.71

χ2 0.008 0.109 0.013 0.000 0.013 0.109 0.166 0.008 0.285 0.248 0.008 0.052 0.593 0.052 0.285

ET 0.005 0.061 0.009 0.000 0.009 0.061 0.087 0.005 0.122 0.121 0.005 0.035 0.183 0.035 0.122 

%IS 93.3 93.3 93.3 92.3 92.3 92.3 95.6 95.6 95.6 98.2 98.2 98.2 98.8 98.8 98.8

TBL 1.9085 1.2958 1.1102 1.5574 1.7302 1.5737 0.7588 0.8036 0.791 0.2806 0.2766 0.2858 0.1790 0.1734 0.1790
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In order to understand the evolution of this system we applied six types 

of data; morphology, mtDNA sequencing, microsatellite genotyping, multi-copy nuclear 

sequencing, RAD-seq Single Nucleotide Polymorphic (SNP) data and spatial position. 

We used these putatively independent data to contrast species integrity as characterised 

by morphology (subject to natural selection) and neutral characters that allowed us to test 

the stability of species delimitation, assess the extent and evenness of gene flow and thus 

gain an understanding of where these grasshopper populations are in the speciation 

continuum.  
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Figure 1  
STRUCTURE results from Sp2, Sp4, Up2 and Up4. The results between groups were very similar 
so the largest dataset, Sp2, was used for the final runs.  
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