1. CLADISTIC ANALYSIS
1.1 Script Nexus for TNT
#NEXUS
BEGIN TAXA;
	TITLE Taxa;
	DIMENSIONS NTAX=10;
	TAXLABELS
		Belonopelta_deletrix Thaumatomyrmex_atrox Thaumatomyrmex_cochlearis Thaumatomyrmex_soesilae Thaumatomyrmex_fraxini Thaumatomyrmex_mutilatus Thaumatomyrmex_contumax Thaumatomyrmex_carranca Thaumatomyrmex_zeteki Thaumatomyrmex_paludis 
	;
END;
BEGIN CHARACTERS;
	TITLE  Character_Matrix;
	DIMENSIONS  NCHAR=48;
	FORMAT DATATYPE = STANDARD RESPECTCASE GAP = - MISSING = ? SYMBOLS = "  0 1 2 3";
MATRIX
	Belonopelta_deletrix       0000-0---?000000-0000?0000000-?00000000000?0?0-0
	Thaumatomyrmex_atrox       111111000100111100000001010010010010110000000001
	Thaumatomyrmex_cochlearis  131112101011-11100000?01?1001001001011000000?00?
	Thaumatomyrmex_soesilae    1111021000001100-0001301010110000011-1000000001?
	Thaumatomyrmex_fraxini     1111021011001000-110031-1101100011-1-10111-00011
	Thaumatomyrmex_mutilatus   12110101200011011011021-111011110010111-1001110?
	Thaumatomyrmex_contumax    12110101200011011011011-111011110010111-10111101
	Thaumatomyrmex_carranca    12110101201011011011011-111011110010111-10111101
	Thaumatomyrmex_zeteki      111101001000100100000001010010011010110000000000
	Thaumatomyrmex_paludis     11110210101011010000011-010010010011-1000000000?
;
END;

1.2 Parameters of Analysis
- Outgroup: Benolopelta deletrix
- All characters Unordered
- Implicit Enumeration (similar to Exaustive Analysis)
- Three collapse after the search

1.3 Results
- Only one Most Parsimonious Tree (fig. 1)
- Length: 68 Steps
- CI (Consistency Index) = 0.794; RI (Retention Index) = 0.781 


[image: ]
Logout of TNT software with the single Most Parsimonious Three. Number shows the node number. (Analysis using Implicit Enumeration, resulting in single Most Parsimonious Tree with 68 steps).





2. CALIBRATED CLADOGRAM 
2.1 Script Nexus for MrBayes
#NEXUS
Begin data;
    Dimensions ntax=10 nchar=48;
    Format datatype=standard gap=- missing=?;
    Matrix
    Belonopelta_deletrix 0000?0????000000?0000?0000000??00000000000?0?0?0
    Thaumatomyrmex_atrox 111111000100111100000001010010010010110000000001
    Thaumatomyrmex_cochlearis 131112101011?11100000?01?1001001001011000000?00?
    Thaumatomyrmex_soesilae 1111021000001100?0001301010110000011?1000000001?
    Thaumatomyrmex_fraxini 1111021011001000?110031?1101100011?1?10111?00011
    Thaumatomyrmex_mutilatus 12110101200011011011021?111011110010111?1001110?
    Thaumatomyrmex_contumax 12110101200011011011011?111011110010111?10111101
    Thaumatomyrmex_carranca 12110101201011011011011?111011110010111?10111101
    Thaumatomyrmex_zeteki 111101001000100100000001010010011010110000000000
    Thaumatomyrmex_paludis 11110210101011010000011?010010010011?1000000000?
    ;
End;

Begin mrbayes;
    set autoclose=no nowarnings=no;
    log start filename="C:/bayes/MrBayes/Article/TreeCalibrationAnalysis.log" replace;

    outgroup Belonopelta_deletrix;
    charset allchars = 1-48;
    ctype unordered: allchars;

    lset coding=variable rates=gamma Ngammacat=4;
    prset statefreqpr=fixed(equal) shapepr=exponential(1.0);

    prset brlenspr=clock:uniform;
    prset clockvarpr=igr;
    prset igrvarpr=exp(10.0);
    prset clockratepr=exponential(1.0);
    prset nodeagepr = calibrated;

    constraint C_Thauma =
        Thaumatomyrmex_atrox
        Thaumatomyrmex_cochlearis
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini
        Thaumatomyrmex_mutilatus
        Thaumatomyrmex_contumax
        Thaumatomyrmex_carranca
        Thaumatomyrmex_zeteki
        Thaumatomyrmex_paludis     ;
    constraint C_Rest =
        Thaumatomyrmex_atrox
        Thaumatomyrmex_cochlearis
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini
        Thaumatomyrmex_mutilatus
        Thaumatomyrmex_contumax
        Thaumatomyrmex_carranca
        Thaumatomyrmex_paludis     ;
    constraint C_AC =
        Thaumatomyrmex_atrox
        Thaumatomyrmex_cochlearis     ;
    constraint C_Combined =
        Thaumatomyrmex_paludis
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini
        Thaumatomyrmex_mutilatus
        Thaumatomyrmex_carranca
        Thaumatomyrmex_contumax     ;
    constraint C_G1 =
        Thaumatomyrmex_paludis
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini     ;
    constraint C_SF =
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini     ;
    constraint C_G2 =
        Thaumatomyrmex_mutilatus
        Thaumatomyrmex_carranca
        Thaumatomyrmex_contumax     ;
    constraint C_CC =
        Thaumatomyrmex_carranca
        Thaumatomyrmex_contumax     ;
    
    constraint C_TotalRoot =
        Belonopelta_deletrix
        Thaumatomyrmex_atrox
        Thaumatomyrmex_cochlearis
        Thaumatomyrmex_soesilae
        Thaumatomyrmex_fraxini
        Thaumatomyrmex_mutilatus
        Thaumatomyrmex_contumax
        Thaumatomyrmex_carranca
        Thaumatomyrmex_zeteki
        Thaumatomyrmex_paludis     ;

    prset topologypr = constraints(C_Thauma, C_Rest, C_AC, C_Combined, C_G1, C_SF, C_G2, C_CC, C_TotalRoot);
    
    calibrate C_TotalRoot = uniform(35.21, 66.78);

    mcmcp ngen=5000000 nruns=2 nchains=4 temp=0.1 swapfreq=1.0 printfreq=500 samplefreq=500 diagnfreq=5000 stoprule=no filename="C:/bayes/MrBayes/Article/TreeCalibrationAnalysis";

    mcmc;

    sump burninfrac=0.25 relburnin=yes;
    sumt burninfrac=0.25 relburnin=yes contype=allcompat;

    log stop;
End;


2.2 Parameters of Analysis
- Bayesian Analysis with Fixed Topology
- Topology = Obtained on TNT parsimonious analysis
- Outgroup: Belonopelta deletrix
- Matrix: Taxa= 10 (1 outgroup + 9 ingroup); Characters= 48 discrete morphological characters
	- All unordered
	- Coding: 0,1,2,3, ?, -
- Morphological model: standard (datatype=standard)
	- Among-site rate variation: gamma (4 categories)
	- State frequencies: fixed and equal
- Molecular clock: Independent Gamma Rates (IGR) relaxed clock
	- brlenspr=clock:uniform
	- clockvarpr=igr
	- Variance prior: exponential(10.0)
	- Mean clock rate prior: exponential(1.0)
- Temporal calibration: root node (all 10 taxa)
	- Uniform prior: 35.21 – 66.78 Ma (source: Doré et al. 2025)
- MCMC parameters:
	- Generations: 5,000,000
	- Number of runs: 2
	- Chains per run: 4 (3 heated, 1 cold)
	- Heated chain temperature: 0.1
	- Sampling frequency: every 500 generations
	- Diagnostic frequency: every 5,000 generations
	- Burn‑in: 25% of initial samples discarded
- Convergence criteria:
	- PSRF (Potential Scale Reduction Factor) ≈ 1.0
	- ESS (Effective Sample Size) > 200
	- ASDSF (Average Standard Deviation of Split Frequencies) < 0.01 (optional)




2.3 Results
- ESS and PSRF
	95% HPD Interval

	Parameter
	Mean
	Variance
	Lower
	Upper
	Median
	min ESS
	avg ESS
	PSRF+

	TH
	0.333816
	0.025067
	0.086447
	0.652411
	0.303798
	4571.82
	4710.65
	1.000

	TL
	1.838.350
	0.650411
	0.484392
	3.418.871
	1.701.380
	4404.93
	4578.22
	1.000

	alpha
	0.976736
	0.559509
	0.112150
	2.513.105
	0.759829
	6586.91
	6765.98
	1.000

	igrvar
	0.121724
	0.006399
	0.012094
	0.282296
	0.102473
	4177.50
	4202.42
	1.000

	clockrate
	0.006988
	0.000013
	0.001582
	0.014268
	0.006245
	4612.97
	4801.11
	1.000


- ASDSF
	5000000 -- [-224.538] (-231.177) (-220.861) (-217.711) * (-223.822) [-222.412] (-223.456) (-217.672) -- 0:00:00

	Average standard deviation of split frequencies: 0.000000


- Nexus Tree 
#NEXUS
[ID: 4430418229]
begin taxa;
	dimensions ntax=10;
	taxlabels
		Belonopelta_deletrix
		Thaumatomyrmex_atrox
		Thaumatomyrmex_cochlearis
		Thaumatomyrmex_soesilae
		Thaumatomyrmex_fraxini
		Thaumatomyrmex_mutilatus
		Thaumatomyrmex_contumax
		Thaumatomyrmex_carranca
		Thaumatomyrmex_zeteki
		Thaumatomyrmex_paludis
		;
end;
begin trees;
	translate
		1	Belonopelta_deletrix,
		2	Thaumatomyrmex_atrox,
		3	Thaumatomyrmex_cochlearis,
		4	Thaumatomyrmex_soesilae,
		5	Thaumatomyrmex_fraxini,
		6	Thaumatomyrmex_mutilatus,
		7	Thaumatomyrmex_contumax,
		8	Thaumatomyrmex_carranca,
		9	Thaumatomyrmex_zeteki,
		10	Thaumatomyrmex_paludis
		;
   tree con_all_compat = [&R] (1[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.44536059e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.20000000e-008},age_mean=5.64605036e-006,age_median=4.28675658e-006,age_95%HPD={0.00000000e+000,1.67684846e-005}]:4.876657e+001[&length_mean=3.33816141e-001,length_median=3.03798200e-001,length_95%HPD={8.64467800e-002,6.52410800e-001},effectivebrlenIgrBrlens_mean=0.430096,effectivebrlenIgrBrlens_median=0.374860,effectivebrlenIgrBrlens_95%HPD={0.059343,0.938576},rateIgrBrlens_mean=1.344573,rateIgrBrlens_median=1.247662,rateIgrBrlens_95%HPD={0.289482,2.531800}],(((2[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.45510602e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.62923941e-006,age_median=4.58081951e-006,age_95%HPD={0.00000000e+000,1.55868609e-005}]:1.854786e+001[&length_mean=1.27482641e-001,length_median=1.11899100e-001,length_95%HPD={1.26935500e-002,2.75474700e-001},effectivebrlenIgrBrlens_mean=0.058679,effectivebrlenIgrBrlens_median=0.048612,effectivebrlenIgrBrlens_95%HPD={0.000000,0.145118},rateIgrBrlens_mean=0.550045,rateIgrBrlens_median=0.427646,rateIgrBrlens_95%HPD={0.000001,1.412164}],3[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.45510602e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.62923941e-006,age_median=4.58081951e-006,age_95%HPD={0.00000000e+000,1.55868609e-005}]:1.854786e+001[&length_mean=1.27482641e-001,length_median=1.11899100e-001,length_95%HPD={1.26935500e-002,2.75474700e-001},effectivebrlenIgrBrlens_mean=0.083451,effectivebrlenIgrBrlens_median=0.071460,effectivebrlenIgrBrlens_95%HPD={0.000000,0.186740},rateIgrBrlens_mean=0.842779,rateIgrBrlens_median=0.647803,rateIgrBrlens_95%HPD={0.000013,2.101956}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=1.27482675e-001,height_median=1.11899177e-001,height_95%HPD={1.26935500e-002,2.75474720e-001},age_mean=1.96240076e+001,age_median=1.85478612e+001,age_95%HPD={3.08835828e+000,3.74896737e+001}]:1.677936e+001[&length_mean=1.10452374e-001,length_median=9.41360700e-002,length_95%HPD={1.69291000e-003,2.60140300e-001},effectivebrlenIgrBrlens_mean=0.045036,effectivebrlenIgrBrlens_median=0.034899,effectivebrlenIgrBrlens_95%HPD={0.000000,0.123637},rateIgrBrlens_mean=0.517743,rateIgrBrlens_median=0.363762,rateIgrBrlens_95%HPD={0.000001,1.418879}],(((4[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.44954352e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,8.80000000e-008},age_mean=5.65322121e-006,age_median=5.06223896e-006,age_95%HPD={0.00000000e+000,1.40811575e-005}]:1.106447e+001[&length_mean=7.81256374e-002,length_median=6.73366900e-002,length_95%HPD={4.96575800e-003,1.75784500e-001},effectivebrlenIgrBrlens_mean=0.042450,effectivebrlenIgrBrlens_median=0.029286,effectivebrlenIgrBrlens_95%HPD={0.000000,0.129915},rateIgrBrlens_mean=0.616840,rateIgrBrlens_median=0.425195,rateIgrBrlens_95%HPD={0.000001,1.848882}],5[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.44954352e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,8.80000000e-008},age_mean=5.65322121e-006,age_median=5.06223896e-006,age_95%HPD={0.00000000e+000,1.40811575e-005}]:1.106447e+001[&length_mean=7.81256374e-002,length_median=6.73366900e-002,length_95%HPD={4.96575800e-003,1.75784500e-001},effectivebrlenIgrBrlens_mean=0.211139,effectivebrlenIgrBrlens_median=0.188287,effectivebrlenIgrBrlens_95%HPD={0.046360,0.432853},rateIgrBrlens_mean=3.840205,rateIgrBrlens_median=2.772272,rateIgrBrlens_95%HPD={0.431615,10.020606}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=7.81256719e-002,height_median=6.73367300e-002,height_95%HPD={4.96577300e-003,1.75784540e-001},age_mean=1.21141784e+001,age_median=1.10644761e+001,age_95%HPD={1.27500807e+000,2.48272013e+001}]:1.020476e+001[&length_mean=6.58800323e-002,length_median=5.37875900e-002,length_95%HPD={1.27561100e-003,1.63160600e-001},effectivebrlenIgrBrlens_mean=0.094351,effectivebrlenIgrBrlens_median=0.081559,effectivebrlenIgrBrlens_95%HPD={0.000000,0.222263},rateIgrBrlens_mean=2.206929,rateIgrBrlens_median=1.423780,rateIgrBrlens_95%HPD={0.000001,6.486162}],10[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.46566240e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.68136797e-006,age_median=4.74375650e-006,age_95%HPD={0.00000000e+000,1.53793338e-005}]:2.126924e+001[&length_mean=1.44005670e-001,length_median=1.30461300e-001,length_95%HPD={2.74010500e-002,2.85115000e-001},effectivebrlenIgrBrlens_mean=0.049733,effectivebrlenIgrBrlens_median=0.039787,effectivebrlenIgrBrlens_95%HPD={0.000000,0.129697},rateIgrBrlens_mean=0.379487,rateIgrBrlens_median=0.308510,rateIgrBrlens_95%HPD={0.000001,0.969350}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=1.44005704e-001,height_median=1.30461360e-001,height_95%HPD={2.74010870e-002,2.85115100e-001},age_mean=2.21343891e+001,age_median=2.12692401e+001,age_95%HPD={7.39329563e+000,3.88987659e+001}]:9.267267e+000[&length_mean=6.15698607e-002,length_median=4.85571600e-002,length_95%HPD={5.09267100e-004,1.58474300e-001},effectivebrlenIgrBrlens_mean=0.041908,effectivebrlenIgrBrlens_median=0.029874,effectivebrlenIgrBrlens_95%HPD={0.000000,0.126155},rateIgrBrlens_mean=0.981572,rateIgrBrlens_median=0.553527,rateIgrBrlens_95%HPD={0.000001,3.148366}],(6[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.49598427e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.70533683e-006,age_median=4.86502476e-006,age_95%HPD={0.00000000e+000,1.52351159e-005}]:1.018925e+001[&length_mean=7.32939022e-002,length_median=6.26546500e-002,length_95%HPD={8.04221700e-003,1.64979900e-001},effectivebrlenIgrBrlens_mean=0.022281,effectivebrlenIgrBrlens_median=0.015843,effectivebrlenIgrBrlens_95%HPD={0.000000,0.066020},rateIgrBrlens_mean=0.384769,rateIgrBrlens_median=0.250050,rateIgrBrlens_95%HPD={0.000001,1.212250}],(7[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.48177662e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.69248940e-006,age_median=4.89019068e-006,age_95%HPD={0.00000000e+000,1.50605364e-005}]:4.455806e+000[&length_mean=3.45089140e-002,length_median=2.75120700e-002,length_95%HPD={1.44110400e-003,8.80283700e-002},effectivebrlenIgrBrlens_mean=0.004736,effectivebrlenIgrBrlens_median=0.001025,effectivebrlenIgrBrlens_95%HPD={0.000000,0.021684},rateIgrBrlens_mean=0.180554,rateIgrBrlens_median=0.036893,rateIgrBrlens_95%HPD={0.000001,0.799308}],8[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.48177662e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.00000000e-008},age_mean=5.69248940e-006,age_median=4.89019068e-006,age_95%HPD={0.00000000e+000,1.50605364e-005}]:4.455806e+000[&length_mean=3.45089140e-002,length_median=2.75120700e-002,length_95%HPD={1.44110400e-003,8.80283700e-002},effectivebrlenIgrBrlens_mean=0.014272,effectivebrlenIgrBrlens_median=0.009818,effectivebrlenIgrBrlens_95%HPD={0.000000,0.042833},rateIgrBrlens_mean=0.661690,rateIgrBrlens_median=0.353702,rateIgrBrlens_95%HPD={0.000001,2.203631}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.45089488e-002,height_median=2.75120900e-002,height_95%HPD={1.44115000e-003,8.80283790e-002},age_mean=5.32350417e+000,age_median=4.45581069e+000,age_95%HPD={2.98436674e-001,1.27802665e+001}]:5.733441e+000[&length_mean=3.87849883e-002,length_median=2.96675700e-002,length_95%HPD={8.22748200e-004,1.03320400e-001},effectivebrlenIgrBrlens_mean=0.016111,effectivebrlenIgrBrlens_median=0.009378,effectivebrlenIgrBrlens_95%HPD={0.000000,0.055352},rateIgrBrlens_mean=0.676625,rateIgrBrlens_median=0.275932,rateIgrBrlens_95%HPD={0.000001,2.466440}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=7.32939371e-002,height_median=6.26546800e-002,height_95%HPD={8.04222000e-003,1.64979926e-001},age_mean=1.12680471e+001,age_median=1.01892518e+001,age_95%HPD={1.91054532e+000,2.29101422e+001}]:2.034726e+001[&length_mean=1.32281628e-001,length_median=1.18630800e-001,length_95%HPD={1.80491900e-002,2.78144200e-001},effectivebrlenIgrBrlens_mean=0.393141,effectivebrlenIgrBrlens_median=0.347257,effectivebrlenIgrBrlens_95%HPD={0.095531,0.820210},rateIgrBrlens_mean=3.690765,rateIgrBrlens_median=2.899293,rateIgrBrlens_95%HPD={0.808895,8.449887}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=2.05575565e-001,height_median=1.89321810e-001,height_95%HPD={5.65423200e-002,3.90393400e-001},age_mean=3.13697647e+001,age_median=3.05365071e+001,age_95%HPD={1.58325894e+001,4.96317005e+001}]:4.790718e+000[&length_mean=3.23594840e-002,length_median=2.31182200e-002,length_95%HPD={6.91678700e-005,9.26243500e-002},effectivebrlenIgrBrlens_mean=0.015716,effectivebrlenIgrBrlens_median=0.003459,effectivebrlenIgrBrlens_95%HPD={0.000000,0.071522},rateIgrBrlens_mean=0.649149,rateIgrBrlens_median=0.142811,rateIgrBrlens_95%HPD={0.000001,2.694466}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=2.37935049e-001,height_median=2.19296910e-001,height_95%HPD={6.35662800e-002,4.49006040e-001},age_mean=3.61750671e+001,age_median=3.53272253e+001,age_95%HPD={1.96460073e+001,5.49241325e+001}]:4.609572e+000[&length_mean=3.18555370e-002,length_median=2.22785000e-002,length_95%HPD={1.26784600e-004,9.17586300e-002},effectivebrlenIgrBrlens_mean=0.012443,effectivebrlenIgrBrlens_median=0.002395,effectivebrlenIgrBrlens_95%HPD={0.000000,0.056681},rateIgrBrlens_mean=0.531285,rateIgrBrlens_median=0.101372,rateIgrBrlens_95%HPD={0.000001,2.168993}],9[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.47037458e-008,height_median=3.00000000e-008,height_95%HPD={0.00000000e+000,9.29999999e-008},age_mean=5.68134259e-006,age_median=4.36520530e-006,age_95%HPD={0.00000000e+000,1.66161496e-005}]:3.993679e+001[&length_mean=2.69790551e-001,length_median=2.48005700e-001,length_95%HPD={7.30937700e-002,5.10941300e-001},effectivebrlenIgrBrlens_mean=0.080526,effectivebrlenIgrBrlens_median=0.068012,effectivebrlenIgrBrlens_95%HPD={0.001284,0.186074},rateIgrBrlens_mean=0.321325,rateIgrBrlens_median=0.282725,rateIgrBrlens_95%HPD={0.020847,0.713621}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=2.69790586e-001,height_median=2.48005700e-001,height_95%HPD={7.30937730e-002,5.10941300e-001},age_mean=4.08360965e+001,age_median=3.99367975e+001,age_95%HPD={2.39230766e+001,6.07390579e+001}]:8.829775e+000[&length_mean=6.40255892e-002,length_median=4.22158500e-002,length_95%HPD={5.29288000e-005,1.94977900e-001},effectivebrlenIgrBrlens_mean=0.077387,effectivebrlenIgrBrlens_median=0.028055,effectivebrlenIgrBrlens_95%HPD={0.000000,0.316435},rateIgrBrlens_mean=1.518527,rateIgrBrlens_median=0.590021,rateIgrBrlens_95%HPD={0.000001,5.689579}])[&prob=1.00000000e+000,prob_stddev=0.00000000e+000,prob_range={1.00000000e+000,1.00000000e+000},prob(percent)="100",prob+-sd="100+-0",height_mean=3.33816175e-001,height_median=3.03798240e-001,height_95%HPD={8.64467800e-002,6.52410890e-001},age_mean=4.94411553e+001,age_median=4.87665722e+001,age_95%HPD={3.52106598e+001,6.47320338e+001}][&length_mean=0.00000000e+000,length_median=0.00000000e+000,length_95%HPD={0.00000000e+000,0.00000000e+000},effectivebrlenIgrBrlens_mean=1.000000,effectivebrlenIgrBrlens_median=1.000000,effectivebrlenIgrBrlens_95%HPD={1.000000,1.000000},rateIgrBrlens_mean=1.000000,rateIgrBrlens_median=1.000000,rateIgrBrlens_95%HPD={1.000000,1.000000}];
end;



[image: ]
Tree Topology with Age Divergence of nodes ages (numbers) and Age 95% HPD on bars. 
3. BIOGEOGRAPHIC ANALYSIS 
3.1 Phylyp format of Distribution (A= Neotropical North; B= Amazonian; C= Atlantic Forest; D= Caatinga)
10 4 (A B C D)
Belonopelta_deletrix	1000
Thaumatomyrmex_atrox	1100
Thaumatomyrmex_cochlearis	1000
Thaumatomyrmex_soesilae	0100
Thaumatomyrmex_fraxini	0010
Thaumatomyrmex_mutilatus	0010
Thaumatomyrmex_contumax	0001
Thaumatomyrmex_carranca	0001
Thaumatomyrmex_zeteki	1000
Thaumatomyrmex_paludis	0100



3.2 Tree calibrated (age = lenght) in newick format

(Belonopelta_deletrix:48.76657,(((Thaumatomyrmex_atrox:18.54786,Thaumatomyrmex_cochlearis:18.54786):16.77936,(((Thaumatomyrmex_soesilae:11.06447,Thaumatomyrmex_fraxini:11.06447):10.20476,Thaumatomyrmex_paludis:21.26924):9.267267,(Thaumatomyrmex_mutilatus:10.18925,(Thaumatomyrmex_contumax:4.455806,Thaumatomyrmex_carranca:4.455806):5.733441):20.34726):4.790718):4.609572,Thaumatomyrmex_zeteki:39.93679):8.829775);

3.3 Script R for BioGeoBEARS analysis
install_cmds_that_work_as_of_2023='
install.packages("devtools")
install.packages("ape")
install.packages("optimx")
install.packages("GenSA")
install.packages("rexpokit")   
install.packages("cladoRcpp")
install.packages("snow")
install.packages("MultinomialCI")

library(devtools)
devtools::install_github(repo="nmatzke/BioGeoBEARS")
library(ape)
library(optimx)   
library(GenSA)    
library(rexpokit)
library(cladoRcpp)
library(snow)     
library(parallel)
library(BioGeoBEARS)

project_dir = "C:/bayes/biogeobears"
setwd(project_dir)
results_dir = file.path(project_dir, "Results")
if (!dir.exists(results_dir)) {
  dir.create(results_dir, recursive = TRUE)
  message(paste0("Diretório de resultados criado: ", results_dir))
} else {
  message(paste0("Diretório de resultados já existe: ", results_dir))
}
wd = results_dir
setwd(wd)
extdata_dir = np(system.file("extdata", package="BioGeoBEARS"))
extdata_dir
list.files(extdata_dir)
trfn = file.path(project_dir, "treeCalibrated.nwk")
moref(trfn)
pdffn = "tree.pdf"
pdf(file=pdffn, height=9, width=9)
tr = read.tree(trfn)
tr
plot(tr, cex=0.5)
title("Thaumato Biogeobears Analysis 17-10-2025")
axisPhylo() 
mtext("Millions of years ago (Ma)", side=1, line=2)
dev.off()
cmdstr = paste0("open ", pdffn)
browseURL(pdffn)
geogfn = file.path(project_dir, "dist.data")
moref(geogfn)
tipranges = getranges_from_LagrangePHYLIP(lgdata_fn=geogfn)
tipranges
max(rowSums(dfnums_to_numeric(tipranges@df)))

max_range_size = 4

numstates_from_numareas(numareas=4, maxareas=4, include_null_range=TRUE)
numstates_from_numareas(numareas=4, maxareas=4, include_null_range=FALSE)
numstates_from_numareas(numareas=4, maxareas=3, include_null_range=TRUE)
numstates_from_numareas(numareas=4, maxareas=2, include_null_range=TRUE)
numstates_from_numareas(numareas=10, maxareas=10, include_null_range=TRUE)
numstates_from_numareas(numareas=10, maxareas=2, include_null_range=TRUE)
BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = TRUE    
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
BioGeoBEARS_run_object
BioGeoBEARS_run_object$BioGeoBEARS_model_object
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)
runslow = TRUE

resfn = "THAUMATO_DEC_M0_BioGeoArticle.Rdata"
if (runslow)
{
  res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
  resDEC = res
} else {
  load(resfn)
  resDEC = res
}
BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = TRUE    
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
dstart = resDEC$outputs@params_table["d","est"]
estart = resDEC$outputs@params_table["e","est"]
jstart = 0.0001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","init"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","est"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","init"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","est"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","type"] = "free"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","init"] = jstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","est"] = jstart
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)

resfn = "THAUMATO_DEC+J_M0_BioGeoArticle.Rdata"
runslow = TRUE
if (runslow)
{
    res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
    resDECj = res
} else {
  load(resfn)
  resDECj = res
}
pdffn = "THAUMATO_DEC_vs_DEC+J_M0_BioGeoArticle.pdf"
pdf(file=pdffn, height=9, width=9)
analysis_titletxt ="BioGeoBEARS DEC on THAUMATO M0_BioGeoArticle"
results_object = resDEC
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res2 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
analysis_titletxt ="BioGeoBEARS DEC+J on BioGeoArticle"
results_object = resDECj
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res1 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
dev.off()  
cmdstr = paste("open ", pdffn, sep="")
system(cmdstr) 
BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = TRUE    
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ysv","type"] = "2-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ys","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["y","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","init"] = 0.5
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","est"] = 0.5
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)
runslow = TRUE

resfn = "THAUMATO_DIVALIKE_M0_BioGeoArticle.Rdata"
if (runslow)
{
  res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
  resDIVALIKE = res
} else {
  load(resfn)
  resDIVALIKE = res
}
BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = TRUE    
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
dstart = resDIVALIKE$outputs@params_table["d","est"]
estart = resDIVALIKE$outputs@params_table["e","est"]
jstart = 0.0001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","init"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","est"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","init"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","est"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ysv","type"] = "2-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ys","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["y","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","type"] = "ysv*1/2"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","init"] = 0.5
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01v","est"] = 0.5
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","type"] = "free"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","init"] = jstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","est"] = jstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","min"] = 0.00001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","max"] = 1.99999
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)

resfn = "THAUMATO_DIVALIKE+J_M0_BioGeoArticle.Rdata"
runslow = TRUE
if (runslow)
{
    res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
    resDIVALIKEj = res
} else {
  load(resfn)
  resDIVALIKEj = res
}
pdffn = "THAUMATO_DIVALIKE_vs_DIVALIKE+J_BioGeoArticle.pdf"
pdf(file=pdffn, height=9, width=9)

analysis_titletxt ="BioGeoBEARS DIVALIKE on BioGeoArticle"
results_object = resDIVALIKE
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res2 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
analysis_titletxt ="BioGeoBEARS DIVALIKE+J on BioGeoArticle"
results_object = resDIVALIKEj
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res1 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
dev.off()
cmdstr = paste("open ", pdffn, sep="")
system(cmdstr)

BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = TRUE    
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ysv","type"] = "1-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ys","type"] = "ysv*1/1"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["y","type"] = "1-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","init"] = 0.9999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","est"] = 0.9999
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)
runslow = TRUE

resfn = "THAUMATO_BAYAREALIKE_M0_BioGeoArticle.Rdata"
if (runslow)
{
  res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
  resBAYAREALIKE = res
} else {
  load(resfn)
  resBAYAREALIKE = res
}

BioGeoBEARS_run_object = define_BioGeoBEARS_run()
BioGeoBEARS_run_object$trfn = trfn
BioGeoBEARS_run_object$geogfn = geogfn
BioGeoBEARS_run_object$max_range_size = max_range_size
BioGeoBEARS_run_object$min_branchlength = 0.000001    
BioGeoBEARS_run_object$include_null_range = TRUE    
BioGeoBEARS_run_object$on_NaN_error = -1e50    
BioGeoBEARS_run_object$speedup = TRUE          
BioGeoBEARS_run_object$use_optimx = "GenSA"
BioGeoBEARS_run_object$num_cores_to_use = 1
BioGeoBEARS_run_object$force_sparse = FALSE    
BioGeoBEARS_run_object = readfiles_BioGeoBEARS_run(BioGeoBEARS_run_object)
BioGeoBEARS_run_object$return_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_TTL_loglike_from_condlikes_table = TRUE
BioGeoBEARS_run_object$calc_ancprobs = TRUE    
dstart = resBAYAREALIKE$outputs@params_table["d","est"]
estart = resBAYAREALIKE$outputs@params_table["e","est"]
jstart = 0.0001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","init"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","est"] = dstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","init"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","est"] = estart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["s","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","init"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["v","est"] = 0.0
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","type"] = "free"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","init"] = jstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","est"] = jstart
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","max"] = 0.99999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ysv","type"] = "1-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["ys","type"] = "ysv*1/1"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["y","type"] = "1-j"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","type"] = "fixed"
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","init"] = 0.9999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["mx01y","est"] = 0.9999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","min"] = 0.0000001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["d","max"] = 4.9999999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","min"] = 0.0000001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["e","max"] = 4.9999999
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","min"] = 0.00001
BioGeoBEARS_run_object$BioGeoBEARS_model_object@params_table["j","max"] = 0.99999
BioGeoBEARS_run_object = fix_BioGeoBEARS_params_minmax(BioGeoBEARS_run_object=BioGeoBEARS_run_object)
check_BioGeoBEARS_run(BioGeoBEARS_run_object)

resfn = "THAUMATO_BAYAREALIKE+J_M0_BioGeoArticle.Rdata"
runslow = TRUE
if (runslow)
{
  res = bears_optim_run(BioGeoBEARS_run_object)
  res    
    save(res, file=resfn)
    resBAYAREALIKEj = res
} else {
  load(resfn)
  resBAYAREALIKEj = res
}
pdffn = "THAUMATO_BAYAREALIKE_vs_BAYAREALIKE+J_M0_BioGeoArticle.pdf"
pdf(file=pdffn, height=9, width=9)

analysis_titletxt ="BioGeoBEARS BAYAREALIKE on BioGeoArticle"
results_object = resBAYAREALIKE
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res2 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
analysis_titletxt ="BioGeoBEARS BAYAREALIKE+J on BioGeoArticle"
results_object = resBAYAREALIKEj
scriptdir = np(system.file("extdata/a_scripts", package="BioGeoBEARS"))
res1 = plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="text", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
plot_BioGeoBEARS_results(results_object, analysis_titletxt, addl_params=list("j"), plotwhat="pie", label.offset=0.45, tipcex=0.7, statecex=0.7, splitcex=0.6, titlecex=0.8, plotsplits=TRUE, cornercoords_loc=scriptdir, include_null_range=TRUE, tr=tr, tipranges=tipranges)
dev.off()
cmdstr = paste("open ", pdffn, sep="")
system(cmdstr)

restable = NULL
teststable = NULL
LnL_2 = get_LnL_from_BioGeoBEARS_results_object(resDEC)
LnL_1 = get_LnL_from_BioGeoBEARS_results_object(resDECj)
numparams1 = 3
numparams2 = 2
stats = AICstats_2models(LnL_1, LnL_2, numparams1, numparams2)
stats
res2 = extract_params_from_BioGeoBEARS_results_object(results_object=resDEC, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
res1 = extract_params_from_BioGeoBEARS_results_object(results_object=resDECj, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
rbind(res2, res1)
tmp_tests = conditional_format_table(stats)
restable = rbind(restable, res2, res1)
teststable = rbind(teststable, tmp_tests)
LnL_2 = get_LnL_from_BioGeoBEARS_results_object(resDIVALIKE)
LnL_1 = get_LnL_from_BioGeoBEARS_results_object(resDIVALIKEj)
numparams1 = 3
numparams2 = 2
stats = AICstats_2models(LnL_1, LnL_2, numparams1, numparams2)
stats
res2 = extract_params_from_BioGeoBEARS_results_object(results_object=resDIVALIKE, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
res1 = extract_params_from_BioGeoBEARS_results_object(results_object=resDIVALIKEj, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
rbind(res2, res1)
conditional_format_table(stats)
tmp_tests = conditional_format_table(stats)
restable = rbind(restable, res2, res1)
teststable = rbind(teststable, tmp_tests)
LnL_2 = get_LnL_from_BioGeoBEARS_results_object(resBAYAREALIKE)
LnL_1 = get_LnL_from_BioGeoBEARS_results_object(resBAYAREALIKEj)
numparams1 = 3
numparams2 = 2
stats = AICstats_2models(LnL_1, LnL_2, numparams1, numparams2)
stats
res2 = extract_params_from_BioGeoBEARS_results_object(results_object=resBAYAREALIKE, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
res1 = extract_params_from_BioGeoBEARS_results_object(results_object=resBAYAREALIKEj, returnwhat="table", addl_params=c("j"), paramsstr_digits=4)
rbind(res2, res1)
conditional_format_table(stats)
tmp_tests = conditional_format_table(stats)
restable = rbind(restable, res2, res1)
teststable = rbind(teststable, tmp_tests)
teststable$alt = c("DEC+J", "DIVALIKE+J", "BAYAREALIKE+J")
teststable$null = c("DEC", "DIVALIKE", "BAYAREALIKE")
row.names(restable) = c("DEC", "DEC+J", "DIVALIKE", "DIVALIKE+J", "BAYAREALIKE", "BAYAREALIKE+J")
restable = put_jcol_after_ecol(restable)
restable
restable
teststable
save(restable, file="restable_v1.Rdata")
load(file="restable_v1.Rdata")
save(teststable, file="teststable_v1.Rdata")
load(file="teststable_v1.Rdata")
write.table(restable, file="restable.txt", quote=FALSE, sep="\t")
write.table(unlist_df(teststable), file="teststable.txt", quote=FALSE, sep="\t")
restable2 = restable
AICtable = calc_AIC_column(LnL_vals=restable$LnL, nparam_vals=restable$numparams)
restable = cbind(restable, AICtable)
restable_AIC_rellike = AkaikeWeights_on_summary_table(restable=restable, colname_to_use="AIC")
restable_AIC_rellike = put_jcol_after_ecol(restable_AIC_rellike)
restable_AIC_rellike
samplesize = length(tr$tip.label)
AICtable = calc_AICc_column(LnL_vals=restable$LnL, nparam_vals=restable$numparams, samplesize=samplesize)
restable2 = cbind(restable2, AICtable)
restable_AICc_rellike = AkaikeWeights_on_summary_table(restable=restable2, colname_to_use="AICc")
restable_AICc_rellike = put_jcol_after_ecol(restable_AICc_rellike)
restable_AICc_rellike
write.table(restable_AIC_rellike, file="restable_AIC_rellike.txt", quote=FALSE, sep="\t")
write.table(restable_AICc_rellike, file="restable_AICc_rellike.txt", quote=FALSE, sep="\t")
write.table(conditional_format_table(restable_AIC_rellike), file="restable_AIC_rellike_formatted.txt", quote=FALSE, sep="\t")
write.table(conditional_format_table(restable_AICc_rellike), file="restable_AICc_rellike_formatted.txt", quote=FALSE, sep="\t")








3.3 Model comparison and parameter estimates (A= Neotropical North; B= Amazonian; C= Atlantic Forest; D= Caatinga). The best-supported model is DEC+J (AIC = 35.54, AIC weight = 0.534), followed by DIVALIKE+J (ΔAIC = 1.26, weight = 0.285). All models including founder-event speciation (j) outperformed their counterparts without j (LRT p < 0.01).

	Modelo
	LnL
	npar
	d
	e
	j
	AIC
	AIC_wt

	DEC
	-20.241
	2
	0.00361
	≈0
	0
	44.48
	0.0061

	DEC+J
	-14.772
	3
	0.00086
	≈0
	0.1773
	35.54
	0.5342

	DIVALIKE
	-19.723
	2
	0.00618
	≈0
	0
	43.45
	0.0103

	DIVALIKE+J
	-15.402
	3
	0.00163
	≈0
	0.1685
	36.80
	0.2845

	BAYAREALIKE
	-23.698
	2
	0.00485
	0.0318
	0
	51.40
	0.0002

	BAYAREALIKE+J
	-15.948
	3
	0.00123
	1,00E-07
	0.1542
	37.90
	0.1648






3.4 Figures of Results on Topology (A= Neotropical North; B= Amazonian; C= Atlantic Forest; D= Caatinga)
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