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 50 

Figure S6 Modelled species ranges. The raster area used in our MaxEnt analyses is shaded 51 

grey. Outlines of river basins where species occur in are shown in black (obtained from a 52 

global river basin shapefile, with vertices smoothed with a 500m threshold; 53 

http://www.waterbase.org/download_data.html. Species occurrences are depicted as black 54 

points. Modelled suitability was subjected to a threshold as detailed in the methods section 55 

and the resulting predicted ranges are coloured green. The inference for A. paucisquama 56 

failed.  57 
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 59 

Figure S7 Age-range correlation results depicted for the (A) coalescent tree with pie charts 60 

showing predicted cluster membership at each node. Red indicates the cluster with the lowest 61 

range overlap, purple intermediate level and blue the highest level of overlap. A scatterplot of 62 

node age against range overlap (B) is shown with points coloured by cluster membership. 63 

Regression lines fitted to each cluster and bootstrapped intercepts shown as a rug plot along 64 

the y axis. A density plot of the inferred intercepts is shown in (C). The same is shown for the 65 

mtDNA tree (D), with corresponding scatterplot (E) and density plot (F). 66 
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 68 

Figure S8 A graphical representation of four species assemblages in Austrolebias. Each box 69 

represents an area of endemism; age (Ma) is shown on the y axis and maximum standard 70 

length (mm) is on the x axis. The nuclear DNA phylogenetic tree is pruned to the species and 71 

ancestors that existed in each area based on the results of our ancestral range estimation 72 

analysis. Immigration events and source areas are represented on the left of the box and 73 

emigrations are shown on the right. Nodes where age-range correlation (ARC) and ancestral 74 

range estimation agreed on non-allopatry are coloured based on the cluster they belonged to 75 
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in our ARC mixture model (Fig. 6A). Shifts estimated by SURFACE are shown blue for 76 

environmental niche (see Fig. 5B) and thick branches show the shift in body size optimum 77 

(Fig. 5A), or a combination of the two in the case that both shifts were present on the same 78 

branch. 79 

  80 
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Table S1 DNA sequences of primers for each locus 81 

 82 

Locus Direction Sequence (5' - 3') 

enc1 F GACATGCTGGAGTTTCAGGA 

enc1 R ACTTGTTRGCMACTGGGTCAAA 

rag1 F AGCTTCTCCCTGGCTTTCAC 

rag1 R GAACGGGTTGGTTCTCCAGA 

28s c1c2 F ACCCGCTGAATTTAAGCAT 

28s c1c2 R TGAACTCTCTCTTCAAAGTTCTTTTC 

28s c6c7 F TCACCTGCCGAATCAACTAGC 

28s c6c7 R ACTACCACCAAGATCTGCAC 

28s c12d12 F TTATGACTGAACGCCTCTAAG 

28s c12d12 R TGACTTTCAATAGATCGCAG 

rh1 F TGTCAACCCAGCAGCCTATG 

rh1 R TGGTCTCAGACTCCTGCTGA 

sh3px3 F TGCTCCATTGAAGACCCCAC 

sh3px3 R TGTCGTCCATCTTCTTGGCA 

16s SARL CGCCTGTTTATCAAAAACAT 

16s SBRH CCGGTCTGAACTCAGATCACGT 

12s F AAAAAGCTTCAAACTGGGATTAGATACCCCACTAT 

12s R TGACTGCAGAGGGTGACGGGCGGTGTGT 

cytb F GGCAAATAGGAARTATCATTC 

cytb R TGACTTGAARAACCAYCGTTG 

 83 

 84 

 85 
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Table S2 A list of the data taken from Van Dooren et al. (2018) and used for phylogenetic 86 

tree inference.  87 

Tip Name Locus Van Dooren et al. 2018 

alexandrii_sanjavier 16S alexandrii_sanjavier 2 

arachan_parquerivera2 16S arachan_parquerivera 1 

bellottii_sol 16S bellottii_sol 2 

charrua_ca2 16S charrua_ca 1 

cheradophilus_castillos 16S cheradophilus_castillos 4 

cheradophilus_castillos2 16S cheradophilus_castillos 2 

cheradophilus_lp 16S cheradophilus_lp2 

cinereus_1 16S cinereus 

cinereus_arroyoviboras 16S cinereus_arroyoviboras 2 

elongatus_villasoriano 16S elongatus_villasoriano 2 

gymnoventris_salamanca4 16S gymnoventris_salamanca 1   

gymnoventris_velasquez 16S gymnoventris_velasquez 2  

luteoflammulatus_1 16S luteoflammulatus_1 

nigripinnis_ceibas 16S nigripinnis_ceibas 3   

periodicus_1 16S periodicus 

pterolebias_longipinnis 16S pterolebias_longipinnis 2 

robustus_1 16S Robustus_1 

s_magnificus 16S s_magnificus 2 

alexandrii_sanjavier 12S alexandrii_sanjavier 2 

arachan_parquerivera2 12S arachan_parquerivera2 

bellottii_sol 12S bellottii_sol 2 

charrua_ca 12S charrua_ca 3 

charrua_ca2 12S charrua_ca 2 

cheradophilus_castillos 12S cheradophilus_castillos 2 

cheradophilus_castillos2 12S cheradophilus_castillos 3 
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cheradophilus_lp 12S cheradophilus_lp 2 

cinereus_1 12S cinereus 

cinereus_arroyoviboras 12S cinereus_arroyoviboras 

elongatus_villasoriano 12S elongatus_villasoriano 2 

gymnoventris_salamanca4 12S gymnoventris_salamanca 1   

gymnoventris_velasquez 12S gymnoventris_velasquez 2  

luteoflammulatus_1 12S Luteoflammulatus 1 

nigripinnis_ceibas 12S nigripinnis_ceibas 2 

periodicus_1 12S periodicus 

prognathus_salamanca 12S prognathus_salamanca 2 

pterolebias_longipinnis 12S pterolebias_longipinnis 

robustus_1 12S Robustus 1 

s_magnificus 12S s_magnificus 2 

periodicus_1 c1c2 periodicus 

alexandrii_sanjavier c1c2 alexandrii_sanjavier 

arachan_parquerivera2 c1c2 arachan_parquerivera 2 

charrua_ca c1c2 charrua_ca 1 

charrua_ca2 c1c2 charrua_ca 2 

cheradophilus_castillos c1c2 cheradophilus_castillos 1 

cheradophilus_castillos2 c1c2 cheradophilus_castillos 2 

cinereus_1 c1c2 cinereus 

elongatus_villasoriano c1c2 elongatus_villasoriano 1 

gymnoventris_salamanca4 c1c2 gymnoventris_salamanca 1   

gymnoventris_velasquez c1c2 gymnoventris_velasquez 

luteoflammulatus_1 c1c2 Luteoflammulatus 1 

nigripinnis_ceibas c1c2 nigripinnis_ceibas 

pterolebias_longipinnis c1c2 pterolebias_longipinnis 

robustus_1 c1c2 Robustus 1 
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bellottii_sol c1c2 bellottii_sol 

cinereus_arroyoviboras c1c2 cinereus_arroyoviboras 

melanoorus_1 c1c2 melanoorus_r5km399 1 

periodicus_1 c6c7 periodicus 

alexandrii_sanjavier c6c7 alexandrii_sanjavier 

arachan_parquerivera2 c6c7 arachan_parquerivera 1 

charrua_ca c6c7 charrua_ca 1 

cheradophilus_castillos2 c6c7 cheradophilus_castillos 2 

cinereus_1 c6c7 Cinereus 

gymnoventris_velasquez c6c7 gymnoventris_velasquez 

luteoflammulatus_1 c6c7 luteoflammulatus_2 

nigripinnis_ceibas c6c7 nigripinnis_ceibas 1 

pterolebias_longipinnis c6c7 pterolebias_longipinnis 

bellottii_sol c6c7 bellottii_sol 

cinereus_arroyoviboras c6c7 cinereus_arroyoviboras 

melanoorus_1 c6c7 melanoorus_r5km399 

arachan_parquerivera2 cytb arachan_parquerivera 2 

bellottii_sol cytb bellottii_sol 2 

charrua_ca2 cytb charrua_ca 2 

cheradophilus_castillos cytb cheradophilus_castillos 

cheradophilus_castillos2 cytb cheradophilus_castillos 2 

cinereus_1 cytb Cinereus 1 

cinereus_2 cytb Cinereus 2 

cinereus_arroyoviboras cytb cinereus_arroyoviboras 2 

elongatus_gc cytb elongatus_ezeiza 

elongatus_villasoriano cytb elongatus_villasoriano 2 

gymnoventris_salamanca4 cytb gymnoventris_salamanca 4 

gymnoventris_velasquez cytb gymnoventris_velasquez 
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luteoflammulatus_velasquez cytb Luteoflammulatus 2 

nigripinnis_ceibas cytb nigripinnis_ceibas 2 

periodicus_1 cytb periodicus 

prognathus_salamanca cytb prognathus_salamanca 2 

pterolebias_longipinnis cytb pterolebias_longipinnis 2 

robustus_1 cytb Robustus 

s_magnificus cytb s_magnificus 2 

salviai_pdd cytb salviai_pdd 3 

wolterstorffi_elbagre2 cytb wolterstorffi_elbagre 

periodicus_1 c12d12 periodicus 

alexandrii_sanjavier c12d12 alexandrii_sanjavier 

arachan_parquerivera2 c12d12 arachan_parquerivera 2 

charrua_ca c12d12 charrua_ca 3 

charrua_ca2 c12d12 charrua_ca 4 

cheradophilus_castillos c12d12 cheradophilus_castillos 1 

cheradophilus_castillos2 c12d12 cheradophilus_castillos 2 

elongatus_villasoriano c12d12 elongatus_villasoriano 1 

gymnoventris_salamanca4 c12d12 gymnoventris_salamanca 1   

gymnoventris_velasquez c12d12 gymnoventris_velasquez 

luteoflammulatus_1 c12d12 luteoflammulatus 

nigripinnis_ceibas c12d12 nigripinnis_ceibas 2 

pterolebias_longipinnis c12d12 pterolebias_longipinnis 

robustus_1 c12d12 Robustus 1 

bellottii_sol c12d12 bellottii_sol 

cinereus_arroyoviboras c12d12 cinereus_arroyoviboras 

cheradophilus_lp c12d12 cheradophilus_lp 

melanoorus_1 c12d12 melanoorus_r5km399 1 

 88 
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Note: Shown in the table are the tip labels in this study, the locus and the corresponding 89 

sequence in Van Dooren et al. 2018.  90 

  91 
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Table S3 List of Austrolebias occurrence locations. Due to the sensitive nature of these data, 92 

an excel file of all locations is available upon request. 93 

 94 

 95 

 96 

 97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 

 105 

 106 

 107 

 108 

 109 

\ 110 
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 112 
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Table S4 Variables used for MaxEnt and PCA analysis of environmental variables at locations where Austrolebias have been observed.  114 

 115 

Parameters Loadings PC1 Loadings  PC2 Description 

River Basin 
   

SLOPE_MEAN -0.01664 -0.19114 
 

ASPECT_MEAN -0.15439 0.01187 Mean compass direction slopes face 

Soil 
   

BLDFIE_M_sl2_1km_ll 0.14784 0.06689 Bulk density (fine earth) in kg / cubic–meter at depth 0.05 m 

CLYPPT_M_sl2_1km_ll -0.17428 -0.10597 Clay content (0–2 micro meter) mass fraction in % at depth 0.05 m 

CLYPPT_M_sl6_1km_ll -0.23710 0.02142 Clay content (0–2 micro meter) mass fraction in % at depth 1.00 m 

CRFVOL_M_sl2_1km_ll 0. 19497 0.09239 Coarse fragments volumetric in % at depth 0.05 m 

ORCDRC_M_sl2_1km_ll -0.12776 0.08128 Soil organic carbon content (fine earth fraction) in g per kg at depth 0.05 m 

PHIHOX_M_sl2_1km_ll 0.28586 -0. 04331 Soil pH x 10 in H2O at depth 0.05 m 

SLTPPT_M_sl2_1km_ll 0.18569 0.12186 Silt content (2–50 micro meter) mass fraction in % at depth 0.05 m 

SLTPPT_M_sl6_1km_ll 0.23183   0.03450 Silt content (2–50 micro meter) mass fraction in % at depth 1.00 m 

SNDPPT_M_sl2_1km_ll 0.02064  0.00988            Sand content (50–2000 micro meter) mass fraction in % at depth 0.05 m 

SNDPPT_M_sl6_1km_ll 0.06806 -0.04879 Sand content (50–2000 micro meter) mass fraction in % at depth 1.00 m 
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Worldclim 
   

Altitude -0.14227 -0.11809 
 

Annual Mean Temperature -0.03943 -0.31807 
 

Mean Diurnal Range 0.15978 -0.19825 
 

Isothermality -0.08156 -0.24060 
 

Temperature Seasonality 0.23948   0.03849 
 

Max Temperature of Warmest Month 0.09716  -0.30108 
 

Min Temperature of Coldest Month -0.15338 -0.22317 
 

Temperature Annual Range 0.23235  -0.07502 
 

Mean Temperature of Wettest Quarter 0.09391 -0.29189 
 

Mean Temperature of Driest Quarter -0.17140   0.00490 
 

Mean Temperature of Warmest Quarter 0.04840 -0.31611 
 

Mean Temperature of Coldest Quarter -0.09713 -0.29070 
 

Annual Precipitation -0.27622  -0.01402 
 

Precipitation of Wettest Month -0.15459 -0.21615 
 

Precipitation of Driest Month -0.25412 0.14519 
 

Precipitation Seasonality 0.16840  -0.27028 
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Precipitation of Wettest Quarter -0.19086  -0.20828 
 

Precipitation of Driest Quarter -0.26069   0.14317 
 

Precipitation of Warmest Quarter -0.16828  -0.22459 
 

Precipitation of Coldest Quarter -0.25299   0.16338 
 

 116 

Note: Each variable name used is shown as well as a short description in cases where an explanation is needed. Loadings list the contribution of 117 

each variable to the scores of the first two principal components used for niche trait analysis.118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 
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Table S5 Maximum male body size measurements (standard length) for each species and sources of each measurement.  128 

 129 

 Species SL (mm) Source 

affinis 32.3 Costa 2006 

alexandri 43 Costa 2006 

arachan 45.8 Costa 2006 

bellottii 70 Costa 2006 

charrua 47.2 Costa 2006 

cheradophilus 95.07 TVD Field Experiment 2008 

durazensis 28.1 Costa 2006 

elongatus 151.9 Costa 2006 

gymnoventris 30.8 Costa 2006 

juanlangi 33.7 Costa 2006 

luteoflammulatus 48.3 Costa 2006 

melanoorus 50 Costa 2006 

monstrosus 150 Osinaga 2006 

nigripinnis 32 Costa 2006 
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patriciae 41 Costa 2006 

paucisquama 34.2 Ferrer et al. 2008 

periodicus 40.5 Costa 2006, Perujo et al. 2005 

prognathus 130 Photograph by M. Volcan 

robustus 76 Calviño 2003 

reicherti 45.9 Costa 2006 

toba 45.5 Calviño 2005 

vandenbergi 76 Photo, Halbluetzel, www.fishbase.org date accessed 01/07/2015 

vazferreirai 83.2 Costa 2006 

viarius 61 Costa 2006 

wolterstorffi 77.5 Costa 2006 

 130 

 131 

 132 

 133 

 134 

 135 
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Table S6 Parameters and statistics from BioGeoBEARS analyses.  136 

 137 

tree areas constraint model LnL numparams d e j AICc AICc_wt 

mtDNA 2 none DEC -55.71 2 0.025 0.026 0 116 3.70E-09 

mtDNA 2 none DEC+J -36.78 3 0.0019 1.00E-12 0.097 80.7 0.17 

mtDNA 2 none DIVA -49.5 2 0.019 1.40E-10 0 103.5 1.80E-06 

mtDNA 2 none DIVA+J -35.36 3 0.0022 1.00E-12 0.16 77.86 0.69 

mtDNA 2 none BAYAREA -65.71 2 0.039 0.086 0 136 1.70E-13 

mtDNA 2 none BAYAREA+J -36.88 3 0.0016 1.00E-07 0.16 80.9 0.15 

mtDNA 2 adjacency DEC -64.86 2 0.11 0.063 0 134.3 1.80E-13 

mtDNA 2 adjacency DEC+J -35.34 3 0.0041 1.00E-12 0.17 77.83 0.32 

mtDNA 2 adjacency DIVA -62.57 2 0.11 0.048 0 129.7 1.80E-12 

mtDNA 2 adjacency DIVA+J -34.85 3 0.0057 1.00E-12 0.13 76.84 0.52 

mtDNA 2 adjacency BAYAREA -71.38 2 0.15 0.12 0 147.3 2.60E-16 

mtDNA 2 adjacency BAYAREA+J -36.06 3 0.0036 1.00E-07 0.17 79.26 0.16 

mtDNA 2 transgression DEC -62.9 2 0.065 0.029 0 130.3 1.20E-12 

mtDNA 2 transgression DEC+J -35.4 3 0.0036 1.00E-12 0.17 77.94 0.3 
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mtDNA 2 transgression DIVA -57.7 2 0.066 0.02 0 119.9 2.30E-10 

mtDNA 2 transgression DIVA+J -34.77 3 0.0049 1.00E-12 0.15 76.69 0.56 

mtDNA 2 transgression BAYAREA -71.75 2 0.16 0.12 0 148.1 1.80E-16 

mtDNA 2 transgression BAYAREA+J -36.14 3 0.0033 1.00E-07 0.17 79.43 0.14 

mtDNA 4 none DEC -55.41 2 0.016 0.014 0 115.4 3.50E-09 

mtDNA 4 none DEC+J -35.83 3 0.0017 1.00E-12 0.14 78.81 0.31 

mtDNA 4 none DIVA -49.9 2 0.017 1.00E-12 0 104.3 8.70E-07 

mtDNA 4 none DIVA+J -35.1 3 0.0021 1.00E-12 0.15 77.34 0.64 

mtDNA 4 none BAYAREA -65.57 2 0.018 0.1 0 135.7 1.40E-13 

mtDNA 4 none BAYAREA+J -37.55 3 0.0015 1.00E-07 0.27 82.25 0.055 

mtDNA 4 adjacency DEC -64.86 2 0.11 0.063 0 134.3 1.7e-13 

mtDNA 4 adjacency DEC+J -35.34 3 0.0041 1.0e-12 0.17 77.83 0.30 

mtDNA 4 adjacency DIVA -62.57 2 0.11 0.048 0 129.7 1.7e-12 

mtDNA 4 adjacency DIVA+J -34.76 3 0.0050 1.0e-12 0.15 76.67 0.55 

mtDNA 4 adjacency BAYAREA -71.38 2 0.15 0.12 0 147.3 2.5e-16 

mtDNA 4 adjacency BAYAREA+J -36.06 3 0.0036 1.0e-07 0.17 79.26 0.15 

mtDNA 4 transgression DEC -63.17 2 0.061 0.029 0 130.9 9.70E-13 
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mtDNA 4 transgression DEC+J -35.45 3 0.0038 1.00E-12 0.15 78.04 0.29 

mtDNA 4 transgression DIVA -57.92 2 0.062 0.02 0 120.4 1.80E-10 

mtDNA 4 transgression DIVA+J -34.78 3 0.0051 1.00E-12 0.14 76.71 0.56 

mtDNA 4 transgression BAYAREA -73.95 2 0.12 0.12 0 152.4 2.00E-17 

mtDNA 4 transgression BAYAREA+J -36.14 3 0.0035 1.00E-07 0.17 79.43 0.14 

nDNA 2 none DEC -59.99 2 0.03 0.033 0 124.5 1.20E-10 

nDNA 2 none DEC+J -37.12 3 0.0019 1.00E-12 0.17 81.38 0.27 

nDNA 2 none DIVA -55.9 2 0.026 0.012 0 116.3 7.00E-09 

nDNA 2 none DIVA+J -36.68 3 0.0019 1.00E-12 0.26 80.51 0.42 

nDNA 2 none BAYAREA -66.64 2 0.054 0.094 0 137.8 1.50E-13 

nDNA 2 none BAYAREA+J -37 3 0.0013 1.00E-07 0.27 81.14 0.31 

nDNA 2 adjacency DEC -65.81 2 0.12 0.064 0 136.2 3.10E-13 

nDNA 2 adjacency DEC+J -37.39 3 0.0027 1.00E-12 0.71 81.93 0.18 

nDNA 2 adjacency DIVA -63.87 2 0.096 0.051 0 132.3 2.10E-12 

nDNA 2 adjacency DIVA+J -37.02 3 0.0047 1.00E-12 0.59 81.19 0.27 

nDNA 2 adjacency BAYAREA -72.59 2 0.14 0.097 0 149.7 3.50E-16 

nDNA 2 adjacency BAYAREA+J -36.29 3 0.0032 1.00E-07 0.23 79.72 0.55 
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nDNA 2 transgression DEC -66.81 2 0.096 0.053 0 138.2 7.00E-14 

nDNA 2 transgression DEC+J -36.62 3 0.0036 1.00E-12 0.43 80.38 0.25 

nDNA 2 transgression DIVA -64.45 2 0.1 0.047 0 133.5 7.40E-13 

nDNA 2 transgression DIVA+J -36.08 3 0.0046 1.00E-12 0.24 79.3 0.43 

nDNA 2 transgression BAYAREA -73.69 2 0.11 0.11 0 151.9 7.30E-17 

nDNA 2 transgression BAYAREA+J -36.36 3 0.003 1.00E-07 0.23 79.86 0.32 

nDNA 4 none DEC -59.01 2 0.017 0.013 0 122.6 2.60E-10 

nDNA 4 none DEC+J -36.58 3 0.0015 1.00E-12 0.27 80.3 0.39 

nDNA 4 none DIVA -55.31 2 0.02 1.00E-12 0 115.2 1.10E-08 

nDNA 4 none DIVA+J -36.65 3 0.0017 1.00E-12 0.24 80.44 0.37 

nDNA 4 none BAYAREA -65.95 2 0.021 0.11 0 136.5 2.50E-13 

nDNA 4 none BAYAREA+J -37.08 3 0.0009 1.00E-07 0.31 81.3 0.24 

nDNA 4 adjacency DEC -65.81 2 0.12 0.064 0 136.2 3.10E-13 

nDNA 4 adjacency DEC+J -37.39 3 0.0027 1.00E-12 0.71 81.93 0.18 

nDNA 4 adjacency DIVA -63.87 2 0.096 0.051 0 132.3 2.10E-12 

nDNA 4 adjacency DIVA+J -37.02 3 0.0047 1.00E-12 0.59 81.19 0.27 

nDNA 4 adjacency BAYAREA -72.59 2 0.14 0.097 0 149.7 3.50E-16 
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nDNA 4 adjacency BAYAREA+J -36.29 3 0.0032 1.00E-07 0.23 79.72 0.55 

nDNA 4 transgression DEC -68.2 2 0.091 0.059 0 140.9 2.00E-14 

nDNA 4 transgression DEC+J -36.84 3 0.0035 1.00E-12 0.51 80.83 0.22 

nDNA 4 transgression DIVA -65.56 2 0.088 0.045 0 135.7 2.70E-13 

nDNA 4 transgression DIVA+J -36.21 3 0.0059 1.00E-12 0.31 79.57 0.42 

nDNA 4 transgression BAYAREA -76.3 2 0.11 0.12 0 157.1 5.90E-18 

nDNA 4 transgression BAYAREA+J -36.36 3 0.003 1.00E-07 0.23 79.87 0.36 

coalescent 2 none DEC -56.96 2 0.041 0.038 0 118.5 1.10E-09 

coalescent 2 none DEC+J -36.3 3 0.0039 1.00E-04 0.2 79.75 0.28 

coalescent 2 none DIVA -51.71 2 0.037 0.018 0 108 2.10E-07 

coalescent 2 none DIVA+J -35.61 3 0.0032 1.00E-12 0.21 78.36 0.56 

coalescent 2 none BAYAREA -72.32 2 0.069 0.13 0 149.2 2.30E-16 

coalescent 2 none BAYAREA+J -36.89 3 0.0023 1.00E-07 0.22 80.92 0.16 

coalescent 2 adjacency DEC -65.88 2 0.15 0.12 0 136.3 9.80E-14 

coalescent 2 adjacency DEC+J -35.82 3 0.0059 1.00E-12 0.25 78.79 0.3 

coalescent 2 adjacency DIVA -62.05 2 0.18 0.074 0 128.6 4.50E-12 

coalescent 2 adjacency DIVA+J -35.37 3 0.0069 1.00E-12 0.22 77.89 0.47 
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coalescent 2 adjacency BAYAREA -79.08 2 0.24 0.18 0 162.7 1.80E-19 

coalescent 2 adjacency BAYAREA+J -36.12 3 0.0051 1.00E-07 0.21 79.39 0.22 

coalescent 2 transgression DEC -65.2 2 0.18 0.092 0 134.9 1.70E-13 

coalescent 2 transgression DEC+J -35.69 3 0.0059 1.00E-12 0.24 78.52 0.3 

coalescent 2 transgression DIVA -62.07 2 0.17 0.075 0 128.7 3.80E-12 

coalescent 2 transgression DIVA+J -35.14 3 0.0068 1.00E-12 0.22 77.42 0.51 

coalescent 2 transgression BAYAREA -79.59 2 0.24 0.16 0 163.7 9.30E-20 

coalescent 2 transgression BAYAREA+J -36.14 3 0.005 1.00E-07 0.21 79.42 0.19 

coalescent 4 none DEC -55.27 2 0.023 0.014 0 115.1 4.30E-09 

coalescent 4 none DEC+J -35.88 3 0.0023 1.00E-12 0.22 78.9 0.31 

coalescent 4 none DIVA -50.15 2 0.026 0.0043 0 104.9 7.10E-07 

coalescent 4 none DIVA+J -35.24 3 0.003 1.00E-12 0.19 77.63 0.58 

coalescent 4 none BAYAREA -72 2 0.03 0.15 0 148.5 2.30E-16 

coalescent 4 none BAYAREA+J -36.93 3 0.0021 1.00E-07 0.22 81.01 0.11 

coalescent 4 adjacency DEC -65.88 2 0.15 0.12 0 136.3 9.80E-14 

coalescent 4 adjacency DEC+J -35.82 3 0.0059 1.00E-12 0.25 78.79 0.3 

coalescent 4 adjacency DIVA -62.05 2 0.18 0.074 0 128.6 4.50E-12 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 5, 2018. ; https://doi.org/10.1101/436808doi: bioRxiv preprint 

https://doi.org/10.1101/436808
http://creativecommons.org/licenses/by-nc-nd/4.0/


33 

 

 

coalescent 4 adjacency DIVA+J -35.37 3 0.0069 1.00E-12 0.22 77.89 0.47 

coalescent 4 adjacency BAYAREA -79.08 2 0.24 0.18 0 162.7 1.80E-19 

coalescent 4 adjacency BAYAREA+J -36.12 3 0.0051 1.00E-07 0.21 79.39 0.22 

coalescent 4 transgression DEC -65.72 2 0.13 0.077 0 135.4 7.0e-14 

coalescent 4 transgression DEC+J -35.65 3 0.0058 1.0e-12 0.24 77.31 0.30 

coalescent 4 transgression DIVA -62.02 2 0.17 0.073 0 128 2.9e-12 

coalescent 4 transgression DIVA+J -35.09 3 0.0068 1.0e-12 0.22 76.17 0.52 

coalescent 4 transgression BAYAREA -82.72 2 0.13 0.13 0 169.4 2.9e-21 

coalescent 4 transgression BAYAREA+J -36.16 3 0.0049 1.0e-07 0.20 78.32 0.18 

 138 

Note: Results from the six models per tree, with an adjacency-matrix (adjacency) or an adjacency matrix including marine transgressions 139 

(transgression) and a maximum of two or four areas. Model fit was compared using log-likelihood and AICc. 140 

 141 

 142 

 143 

 144 
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Table S7 Comparisons of the best-fitting models with and without the jump-dispersal parameter using likelihood ratio tests.  145 

 146 

data alt null LnLalt LnLnull DFalt DFnull DF Dstatistic pval 

nDNA DIVA+J DIVA -36.68 -55.9 3 2 1 38.43 5.70E-10 

coalescent DIVA+J DIVA -35.24 -50.15 3 2 1 29.82 4.70E-08 

mtDNA DIVA+J DIVA -35.36 -49.5 3 2 1 28.28 1.00E-07 

 147 

Note: Significant p-values indicate that the model with jump dispersal fits better. 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted October 5, 2018. ; https://doi.org/10.1101/436808doi: bioRxiv preprint 

https://doi.org/10.1101/436808
http://creativecommons.org/licenses/by-nc-nd/4.0/


35 

 

 

Table S8 ICL values mixture regressions for ancestral range correlations.  158 

 159 

Model Coalescent mtDNA nDNA 

~ intercept + age + sizepic + nichepic 1: 16.4 

2: 36.5 

3: 35.0 

1: 7.9 

2: 3.6 

3: 6.1 

1: 22.2 

2: 27.1 

3: 13.4 

~ intercept + age + sizepic 1: 16.5 

2: 27.9 

3: 34.3 

1: 15.0 

2: 26.7 

3: 36.8 

1: 24.2 

2: 29.1 

3: 16.2 

~ intercept + age + nichepic 1: 22.0 

2: 35.6 

3: 27.5 

1: 5.8 

2: 5.5 

3: 2.6 

1: 19.9 

2: 20.6 

3: 13.6 

~ intercept + age 1: 19.5 

2: 23.6 

3: 19.2 

1: 11.7 

2: 19.8 

3: 24.5 

1: 21.3 

2: 20.2 

3: 7.0 

~ intercept + sizepic 1: 19.5 

2: 27.8 

1:  18.7 

2: 21.4 

1: 27.3 

2: 20.6 
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3: 28.9 3: 30.2 3: 43.0 

~ intercept + nichepic 1: 21.7 

2: 27.4 

3: 45.5 

1: 4.1 

2: 7.3 

3: -5.5 

1: 18.6 

2: 9.8 

3: 13.9 

~ intercept 1: 21.0 

2: 24.8 

3: 48.1 

1: 15.5 

2: 17.4 

3: 20.7 

1: 24.1 

2: 14.7 

3: 37.1 

Note: Model equations with explanatory variables are given and ICL values for mixtures with different components. Explanatory variables: 160 

"age": node age; "sizepic": phylogenetic independent contrast for size; "nichepic": euclidean niche differences based on bivariate phylogenetic 161 

independent contrasts for environmental niche PC1 and PC2. If mixture components had different regression equations these are given in the 162 

"Model" column. The model with lowest ICL per tree is indicated in bold. In case the model with lowest ICL among the mixtures with only 163 

intercepts and node age effects is a different model, it is indicated in red. 164 

 165 
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