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Appendix S2 Analytical details for model selection in Pleurodema diplolister using approximate Bayesian computation (ABC).
Prior intervals, prior simulation and summary statistics for ABC analyses
Many pitfalls may affect the quality of inference in ABC analysis, including the choices of the range of parameter values to be used as priors, and the summary statistics used in the rejection step. To avoid related problems, we designed our ABC analysis in three stages: (1) a preliminary analysis to determine proper prior intervals, (2) a preliminary analysis to evaluate the suitability of each summary statistic, and (3) a final analysis to quantify the relative posterior probabilities of the models.
Prior intervals
To determine appropriate prior intervals for θ = 4Neμ (theta) we conducted a prelim​inary analysis using broad intervals (values from 0.01 to 150), drawn independently for each locus from a uniform distribution. We ran 100,000 replicates and performed the rejection step separately per locus, per statistic, using a relatively high value of toler​ance (0.01). We assembled the posterior values from each rejection step (six rejections per locus) and extracted the mean theta and standard deviation per locus (Table S3). For the subsequent analyses, we used these values as input in Gaussian priors, and performed the rejection step jointly for all loci. Except for θ, all prior intervals and respective distributions remained the same in all analyses, and were as follows: for time parameters (t), we converted years into units of 4N generations using estimates of θ provided by standard estimates of this parameter using the mtDNA dataset in MIGRATE-n 3.6 (Beerli & Palczewski, 2010) (results not shown), assuming a general substitution rate of 1% and a generation time of one year. Due to the inherent coarse​ness of this approach, we selected fairly comprehensive time intervals: t1 ranged from the mid Holocene to the late Pleistocene (5000–50,000 years before present), and t2 ranged from t1 to the late Pliocene (t1–3,600,000 years before present). This strategy yielded an interval of 0.0063–0.063 for t1, and t1–4.55 for t2, for which we used uniform priors. The two periods are mutually exclusive, but because t2 is bounded by t1, its interval encompasses the interval of t1. For current subpopulation sizes (QP), popula​tion sizes under bottlenecks (QaP) and expansions (QbP), we used uniform priors with the following intervals: QP = 0.8–1, QaP = 0.1–0.6, and QbP = 1.3–2.5 (values defined as proportions of θ). For the sake of simplicity, all population expansions and bottlenecks were modelled as instantaneous increases or decreases.
Suitability of summary statistics
To evaluate the suitability of each summary statistic, we used a modified version of the pseudo-observed data approach described in Tsai & Carstens (2013). Briefly, we produced a new prior dataset (100,000 replicates) and extracted the statistics from a known model (pseudo-observed data). We then performed the rejection step separately for each summary statistic, and computed the number of times each statistic recovered the true model. We repeated this process 10 times for each model, and calculated the effectiveness of each summary statistic as the Bayes factor calculated between the known model and the false model with the highest posterior probability. We then averaged these Bayes factors across replicates before choosing the summary statistic with the highest average Bayes factor. In cases where the known model received a posterior probability of 1.0, resulting in absolute support in the Bayes factor, a value of Bf = 10 (corresponding to high support) was used in the calculation of the average value (Table S4).
Final analysis
In order to choose the best model, we proceeded with a final thorough analysis. We conducted 1,000,000 replicates to sample the parameter space of all priors sufficiently, performed the rejection step independently for each statistic (statistics for the observed data are summarized in Table S5), and calculated the Bayes factor to assess inference support. Because models were defined according to independent data and may show only subtle differences, we calculated the Bayes factor considering a single best model [Pr(D|Mbest model)/ Pr(D|M second best model)], and considering the combined probabilities of the two best models {[Pr(D|Mbest model)+ Pr(D|M second best model)]/ Pr(D|M third best model)}. We interpreted values according to Jeffreys (1961).
Results from approximate Bayesian computation model fitting using principal components analysis (PCA)
After each rejection step in the model-choice analysis, we performed a PCA with the summary statistic values of the accepted simulations (posterior) and of the observed data. The positioning of the scores of the observed data relative to the posterior simulated data reveals the adequacy of the results: goodness-of-fit is inferred in all cases, with the scores of the observed data being central or near the scores of the simulated data in the multivariate space (Fig. S1), indicating that the chosen model(s) is a suitable representation of the diversification process in this biological system.
Table S3 Mean θ and standard deviation (SD) obtained per locus in preliminary ABC analysis.
	Locus
	Mean
	SD

	pleu2
	9.14
	11.51

	pleu5
	9.38
	15.94

	pleu10
	56.42
	35.71

	pleu12
	29.97
	31.35

	pleu16
	27.92
	26.38

	pleu17
	34.10
	25.05

	pleu19
	48.32
	31.68

	pleu20
	41.46
	26.51

	pleu21
	53.98
	42.41

	pleu35
	5.33
	8.49

	pleu36
	27.89
	38.05

	pleu42
	29.25
	24.80

	pleu 51
	23.36
	39.74

	pleu 53
	28.48
	46.70

	pleu56
	89.21
	33.09

	pleu26
	69.30
	35.62

	pleu30
	20.03
	30.18

	pleu43
	22.19
	16.40

	pleu46
	9.29
	18.20

	pleu52
	24.04
	18.22


Table S4 Evaluation of summary statistics used in ABC analyses of Pleurodema diplolister. Values of each cell indicate the average Bayes factor of each summary statistic in recovering the true model. K, number of alleles; H, heterozygosity; GW, Garza–Williamson statistic; R, allelic range; PI, number of pairwise differences between populations, FST, pairwise FST between populations.
	Model
	FST
	GW
	H
	K
	PI
	R

	1
	1.07
	1.05
	1.13
	0.98
	1.01
	1.11

	2
	10.00
	1.37
	1.18
	1.14
	9.90
	1.24

	3
	0.98
	0.96
	0.96
	1.09
	1.06
	1.08

	4
	2.78
	0.67
	0.75
	0.61
	2.58
	0.46

	5
	1.30
	1.44
	2.16
	3.77
	0.55
	3.53

	6
	1.34
	0.67
	1.01
	0.93
	0.55
	0.95

	7
	0.88
	1.54
	0.93
	7.15
	0.36
	4.22

	Mean across models
	2.64
	1.09
	1.16
	2.17
	2.31
	1.77


Table S5 Summary statistics calculated for the observed data. K, number of alleles; H, heterozygosity; GW, Garza–Williamson statistic; R, allelic range; PI, number of pairwise differences between populations, FST, pairwise FST between populations.
	Locus
	K
	
	H
	
	GW
	
	R
	
	FST
	
	PI

	
	P1
	P2
	P3
	
	P1
	P2
	P3
	
	P1
	P2
	P3
	
	P1
	P2
	P3
	
	P1 ×
P2
	P1 ×
P3
	P2 ×
P3
	
	P1 ×
P2
	P1 ×
P3
	P2 ×
P3

	pleu2
	3
	9
	2
	
	0.504
	0.564
	0.517
	
	1.000
	1.000
	1.000
	
	2
	8
	1
	
	0.343
	0.101
	0.160
	
	0.827
	0.568
	0.648

	pleu5
	2
	7
	3
	
	0.175
	0.690
	0.151
	
	1.000
	1.000
	0.750
	
	1
	6
	3
	
	0.235
	0.820
	0.219
	
	0.644
	0.913
	0.617

	pleu10
	12
	14
	9
	
	0.906
	0.890
	0.908
	
	0.750
	0.933
	1.000
	
	15
	14
	8
	
	0.005
	-0.011
	-0.011
	
	0.902
	0.897
	0.889

	pleu12
	7
	10
	6
	
	0.829
	0.861
	0.778
	
	1.000
	1.000
	1.000
	
	6
	9
	5
	
	0.021
	0.070
	0.045
	
	0.863
	0.864
	0.862

	pleu16
	8
	11
	5
	
	0.837
	0.820
	0.703
	
	0.889
	1.000
	1.000
	
	8
	10
	4
	
	0.059
	0.089
	0.018
	
	0.879
	0.846
	0.779

	pleu17
	8
	12
	8
	
	0.768
	0.826
	0.806
	
	0.889
	1.000
	0.727
	
	8
	11
	10
	
	0.066
	0.149
	0.084
	
	0.857
	0.924
	0.892

	pleu19
	7
	20
	8
	
	0.667
	0.867
	0.858
	
	0.583
	0.909
	0.727
	
	11
	21
	10
	
	0.156
	0.180
	0.044
	
	0.928
	0.928
	0.903

	pleu20
	8
	14
	7
	
	0.860
	0.880
	0.818
	
	0.800
	1.000
	0.875
	
	9
	13
	7
	
	0.033
	0.110
	0.076
	
	0.901
	0.944
	0.922

	pleu21
	8
	27
	5
	
	0.766
	0.908
	0.312
	
	0.471
	0.818
	0.455
	
	16
	32
	10
	
	0.075
	0.414
	0.280
	
	0.912
	0.952
	0.966

	pleu35
	2
	4
	2
	
	0.353
	0.490
	0.290
	
	1.000
	1.000
	1.000
	
	1
	3
	1
	
	0.230
	0.529
	0.077
	
	0.567
	0.688
	0.434

	pleu36
	2
	11
	2
	
	0.063
	0.762
	0.369
	
	0.333
	0.733
	0.667
	
	5
	14
	2
	
	0.163
	0.167
	0.094
	
	0.564
	0.255
	0.650

	pleu42
	6
	13
	4
	
	0.848
	0.809
	0.705
	
	1.000
	1.000
	0.571
	
	5
	12
	6
	
	0.029
	0.119
	0.097
	
	0.852
	0.883
	0.846

	pleu51
	2
	5
	2
	
	0.444
	0.541
	0.517
	
	1.000
	0.833
	1.000
	
	1
	5
	1
	
	0.028
	0.012
	-0.018
	
	0.510
	0.486
	0.520

	pleu 53
	2
	4
	1
	
	0.114
	0.010
	0.000
	
	0.500
	1.000
	0.000
	
	3
	3
	0
	
	0.153
	0.019
	-0.019
	
	0.064
	0.059
	0.005

	pleu56
	12
	40
	12
	
	0.925
	0.937
	0.883
	
	0.667
	0.833
	0.600
	
	17
	47
	19
	
	0.011
	0.035
	0.055
	
	0.942
	0.938
	0.965

	pleu26
	12
	37
	4
	
	0.915
	0.902
	0.727
	
	0.632
	0.755
	0.500
	
	18
	48
	7
	
	0.019
	0.100
	0.088
	
	0.926
	0.922
	0.909

	pleu30
	4
	7
	2
	
	0.623
	0.525
	0.366
	
	1.000
	1.000
	0.667
	
	3
	6
	2
	
	0.052
	0.103
	0.015
	
	0.602
	0.559
	0.458

	pleu43
	8
	11
	6
	
	0.823
	0.803
	0.771
	
	0.800
	1.000
	1.000
	
	9
	10
	5
	
	0.129
	0.140
	-0.003
	
	0.931
	0.927
	0.785

	pleu46
	2
	3
	2
	
	0.516
	0.267
	0.083
	
	1.000
	1.000
	0.667
	
	1
	2
	2
	
	0.288
	0.397
	0.051
	
	0.501
	0.521
	0.193

	pleu52
	6
	10
	8
	
	0.653
	0.814
	0.844
	
	1.000
	0.909
	1.000
	
	5
	10
	7
	
	0.115
	0.139
	0.007
	
	0.840
	0.865
	0.834
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Figure S1 Plots of the scores extracted from the posterior against the first two components. Simulated data in grey, observed data in black. K, number of alleles; H, heterozygosity; GW, Garza–Williamson statistic; R, allelic range; PI, number of pairwise differences between populations, FST, pairwise FST between populations.
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