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DNA extraction, amplification and Sanger sequencing  

The DNA extraction of a new sample, from North of Brazil, was performed following the Phenol-

Chloroform protocol (Sambrook et al. 1989). The mtDNA control region was amplified using the 

primers L15926 and H16498 (Kocher et al. 1989). The amplification cycle and PCR mix followed 

Vianna et al. (2006). PCR products were purified by the polyethylene glycol (PEG) method (20% 

PEG 8000, 2.5 M NaCl) with modifications (Santos Júnior et al. 2015) and sequenced on the ABI 

3130xl Genetic Analysis (Applied Biosystems) using the BigDye Termination v3.1 Cycle 

Sequencing kit. The same primers used for amplification were used for DNA sequencing. The 

Chromatograms were analysed in SeqScape 2.6 and the consensus sequence was aligned with 

the others using the ClustalX (Larkin et al. 2007) algorithm in the software MEGA 6 (Tamura et 

al. 2013). The haplotype was inferred in software DNAsp 5 using the algorithm Phase (Rozas et 

al. 2003), confirming that this sample has a new haplotype (M5).  

The summary statistics of the T. manatus haplotypes were calculated also in DNAsp 5 (Rozas et 

al. 2003).  

 

GMYC analysis 

We estimated a mtDNA gene tree using 410 bp sequences of the control region (Garcia-

Rodriguez et al. 1998; Vianna et al. 2006), including the new haplotypes G3, J4, M4, and M5 that 

were recently found in Brazil (Satizábal et al. 2012; Luna et al. 2012; Vilaça et al. 2019), and using 

T. inunguis as outgroup. The best substitution model and the ultrametric gene trees of unique 

haplotypes were estimated in BEAST v2.5 software (Bouckaert et al. 2019), assuming the 

lognormal uncorrelated clock and the Birth-Death tree prior. For the model selection, we used the 

package bModelTest v1.1.2 under the “allreversible” option (Bouckaert and Drummond, 2017). 

The analysis was run twice, 1 x 106 pre burnin, 1 x 107 generations and thinning of 2 x 104 each 

[CL1]. The proper parameter mixing [AT2] of each replicate and convergence between the runs 

were evaluated visually in Tracer v 1.7 (Rambaut et al. 2018) through inspection of traces of each 

parameter and minimum adequate effective sample size (ESS > 200). The replicates were 

combined in LogCombiner and the maximum clade credibility (MCC) tree was annotated using 

the TreeAnnotator post-processing tools (Bouckaert et al. 2019). 

The mtDNA lineage delimitation was made in two steps. In the first step, we submitted the MCC 

tree to a maximum likelihood version of the GMYC model (Pons et al. 2006), using the single 

threshold algorithm implemented in the splits package of the R software (Fujisawa and 

Barraclough 2013; R Core Team 2017). In this analysis, the null hypothesis of a single lineage on 

the tree was rejected (LR test = 18.3617.23; p < 0.001) and three lineages were recovered, with 

a confidence interval from three to five. In the second step, we submitted a random sample of 2.5 

x 104 trees retained in BEAST to a Bayesian version of the GMYC model, implemented in the 

bGMYC package (Reid and Carstens 2012; R Core Team 2017), in order to account for 

phylogenetic uncertainties associated with differences in sampled topologies and variation in 

branch lengths. 



 
Table S1. Genbank' accession numbers and definitions from all sequences used in GMYC 

analysis. 

Acession Definition Countries of occurrence 
AY963840 T. manatus haplotype A1 Colombia4, Cuba5, Dominican Republic1,2, Mexico5, 

Puerto Rico1,2,3, United States1,2 

AY963841 T. manatus haplotype A2 Puerto Rico2,3 

AY963842 T. manatus haplotype A3 Belize6,Cuba5 

AY963843 T. manatus haplotype A4 Belize2,6, Mexico2 

AY963844 T. manatus haplotype A5 Colombia2,4 

AY963845 T. manatus haplotype B1 Colombia4, Dominican Republic1,2, Puerto Rico1,2,3 

JX564997 T. manatus haplotype B2 Puerto Rico3 

AY963846 T. manatus haplotype C1 Colombia1,2,4 

AY963847 T. manatus haplotype D1 Colombia1,2 

AY963848 T. manatus haplotype E1 Colombia1,2,4 

AY963849 T. manatus haplotype G1 Colombia1,2,4 

AY963850 T. manatus haplotype G2 Colombia2,4 

JX982651 T. manatus haplotype G3 Colombia4 

AY963851 T. manatus haplotype H1 Colombia1,2 

AY963852 T. manatus haplotype I2 Colombia2, Venezuela2 

AY963853 T. manatus haplotype J1 Belize2,6, Colombia1,2,4, Mexico1,2, Venezuela1,2 

MK673553 T. manatus haplotype J4 French Guiana7 

AY963854 T. manatus haplotype  K1 Venezuela1,2 

AY963855 T. manatus haplotype L2  Guyana2 

AY963856 T. manatus haplotype  M1 Brazil1,2,7,8, Guyana1,2 

AY963857 T. manatus haplotype  M2 Brazil2 

AY963858 T. manatus haplotype  M3  Brazil2,8 

JX171295 T. manatus haplotype  M4 Brazil8 

MK673554 T. manatus haplotype M5 Brazil (This study) 

AY963859 T. manatus haplotype N1 Guyana1,2 

AY963860 T. manatus haplotype O1 Guyana1,2 

AY963861 T. inunguis haplotype P1 Guyana1,2 
1 Garcia-Rodriguez et al. 1998; 2 Vianna et al. 2006; 3 Hunter et al. 2012; 4 Satizábal et al. 2012; 5 

Hernandez-Martínez et al. 2013; 6 Hunter et al. 2010; 7 Vilaça et al. 2019; 8 Luna et al. 2012; 

 

  



Table S2. Summary statistics of the T. manatus, calculated do each ESUs and both. 

 Number of haplotypes Number of variable sites Nucleotide diversity 

Caribbean ESU 17 36 0.03818 

Atlantic ESU 9 25 0.01518 

Both ESUs 26 46 0.04164 

 

Migrate-N analysis 
 
We made an independent test of gene flow using the Bayesian algorithm of MIGRATE-N v.4.2.14 

(Beerli, 2006; Beerli and Palczewski, 2010) implemented in the CIPRES Science gateway online 

portal (Miller et al., 2010). We tested 12 different models: (1) Panmixia (i.e., null model); (2) 

isolation between Florida, Caribbean and Brazil sequences; (3) considering Florida and 

Caribbean sequences a single population, isolated from Brazil; (4) considering Brazil and 

Caribbean as a single population, isolated from Florida; (5) Caribbean as a drain, between Florida 

and Brazil; (6) bidirectional gene flow between Florida and Caribbean, and Brazil isolated; (7) 

unidirectional gene flow from Florida to Caribbean, and Brazil isolated; (8) unidirectional gene 

flow from Caribbean to Florida, and Brazil isolated; (9) bidirectional gene flow between Brazil and 

Caribbean, and Florida isolated; (10) unidirectional gene flow from Brazil to Caribbean, and 

Florida isolated; (11) unidirectional gene flow from Caribbean to Brazil, and Florida isolated; and 

(12) isolation between Florida, Caribbean, and Brazil. To estimate each model, we used 

sequences of mtDNA region control from each location (Florida = 56, Caribbean = 428 and Brazil 

= 105), excluding samples from the hybrid zone. We set an empirical transition/transversion ratio 

(RmtDNA = 20.292) estimated under Kimura 2-parameter model in MEGA X v.10.0.5 (Kimura, 1980; 

Kumar et al., 2018) and estimated the migration parameters in terms of mutation-scaled effective 

immigration rate M (m/μ) and mutation-scaled effective population sizes ϴ (Neμ). Initial values for 

M and θ were derived from FST estimates, and the prior distributions were adjusted after 

exploratory analyses. Each analysis was made in two parallel replicates, using a static heating 

scheme with one long and 4 short chains in which “temperatures” increased according to the 

program’s suggested range of values. For each run, we set a burn-in of 100,000 steps for each 

chain and 1,000,000 recorded chain, with a sampling increment of 100. The convergence 

between the replicates was accessed through the pairs strategy, and the mixing was evaluated 

using effective sample sizes (ESS) plus update rates of the chains. The model selection was 

made comparing the marginal likelihood of each model, using the Bezier’s approximation scores 

calculated (Beerli and Palczewski, 2010). 

  



Table S3. Frequencies of each haplotype in each region. 

Florida (N = 56)    

A1 = 56     

Caribbean (N = 428)    

A1 = 67 A2 = 7 A3 = 9 A4 = 91 A5 = 4 
B1 = 114 B2 = 1 C1 = 14 D1 = 1 E1 = 26 
G1 = 10 G2 = 2 G3 = 3 H1 = 2 I2 = 1 
J1 = 75 J4 = 2 K1 = 1 L2 = 1 M1 = 1 
N1 = 1 O1 = 1    

Brazil (N = 105)    

M1 = 98 M2 = 1 M3 = 2 M4 = 3 M5 = 1 
 

 

 

 

Table S4. Model selection with Migrate-N. 

Model Bezier's approximation score PP Weight 
Fullmodel -2376.16 0.000 <0.001 
Panmixia -2589.19 0.000 <0.001 

Florida + Caribbean / Brazil -2104.69 0.000 <0.001 
Brazil + Caribbean / Florida -2441.46 0.000 <0.001 

Florida → Caribbean ← Brazil -2406.79 0.000 <0.001 
Florida ↔ Caribbean / Brazil -2012.75 0.332 0.524 
Florida → Caribbean / Brazil -2012.11 0.633 1.000 
Florida ← Caribbean / Brazil -2051.32 0.000 <0.001 
Brazil ↔ Caribbean / Florida -2457.25 0.000 <0.001 
Brazil → Caribbean / Florida -2301.37 0.000 <0.001 
Brazil ← Caribbean / Florida -2292.50 0.000 <0.001 

Isolation -2015.01 0.035 0.055 
 



 

Figure S1. Histogram of posterior distribution to estimated parameters for the best model selected 

(unidirectional gene flow from Florida to Caribbean), where Θ1 = Θ Florida, Θ2 = Θ Caribbean, Θ3 = Θ 

Brazil, and xNm1->2 = xNm Florida->Caribbean. 
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