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Appendix 1: Ecological traits, molecular data description, Selection tests results and rates of molecular evolution estimates for each species species. (a) mtDNA, (b) nuDNA 

• Ecological traits are as follows: 1, Ranges are divided in two categories Guianan (G) and widespread (W). We considered the L. wagneri B endemic to the Guiana 

Shield. 2, Reproductive modes (D=Direct, F=free larval development.  

• Molecular data description is as follows: 1, Number of individuals per species for the mtDNA dataset. 2, Number of haplotypes in the network. 3, Number of 

haplotypes from DNASP. (without gaps). 4, Number of segregating sites (S). 5, Haplotypic diversity (Hd) and standard deviation (SD). 6, Nucleotide diversity (Pi) and 

standard deviation (SD).  

• Selection tests results are described as follows: 1, Tajima`s D. 2, Fu and Li's D*. 3, Fu and Li's F*. 

• Molecular rates of evolution estimates from Relaxed molecular clock analysis in substitution/site/my 

(a) mtDNA 

 Range 
Reprod. 
mode 

Elevation 
N mt 
DNA 

N H 
mt 

TCS 

N H mt 
DNAsp 

S Hd SD Pi SD 
Tajima's 

D 
Fu and 
Li's D*  

 Fu 
and 

Li's F*  

mean 
rate 

BEAST 
SD 

Adenomera andreae W D 0 - 800m 91 69 49 108 0.976 0.006 0.023 0.00113 NS NS NS 0.00552 0.00101 

Adenomera heyeri G D 0 - 800m 32 17 16 33 0.927 0.024 0.015 0.0011 NS NS NS 0.00538 0.00051 

Allobates femoralis W F 0 - 1000m 68 35 32 87 0.889 0.034 0.0209 0.00270 NS NS NS 0.00560 0.00111 

Allobates granti G F 0 - 800m 32 14 12 34 0.804 0.059 0.0145 0.00205 NS NS NS 0.00555 0.00035 

Anomaloglossus baeobatrachus G D 0 - 800m 105 31 30 84 0.924 0.012 0.0263 0.00198 NS NS NS 0.00550 0.00085 

Anomaloglossus sp. G D 0 - 800m 74 30 30 107 0.951 0.01 0.0345 0.00384 NS NS NS 0.00550 0.00063 

Leptodactylus mystaceus W F 0 - 1000m 53 37 33 84 0.97 0.012 0.0158 0.00212 NS NS NS 0.00542 0.00103 

Leptodactylus wagneri B G F 0 - 600m 40 19 18 92 0.886 0.039 0.0367 0.00321 NS NS NS 0.00613 0.00058 

Pristimantis chiastonotus G D 0 - 700m 61 17 16 31 0.896 0.019 0.0101 0.00113 NS NS NS 0.00553 0.00070 

Pristimantis zeuctotylus G D 0 - 800m 54 18 17 49 0.884 0.028 0.0149 0.0007 NS NS NS 0.00550 0.00057 

Rhinella castaneotica W F 0 - 600m 64 20 20 43 0.745 0.059 0.0052 0.00108 -1.939* NS NS 0.00543 0.00150 

Rhinella margaritifera s.l. W F 0 - 2400m 77 34 33 75 0.864 0.035 0.0118 0.00139 NS NS NS 0.00558 0.00047 

Mean       62.6 28.4 25.5 69 0.893   0.0191         0.00555   

sd       22.4 15.2 10.74 29 0.067   0.0668             
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b, nuDNA 
 

N nuDNA N H mt TCS S Hd SD Pi SD Tajima's D Fu and Li's D*   Fu and Li's F* 

Adenomera andreae 180 112 85 0.99 0.002 0.01052 0.0004 -1.87006* -4.61313** -4.61313** 

Adenomera heyeri 66 17 14 0.819 0.038 0.007 0.0004 NS NS NS 

Allobates femoralis 90 37 39 0.958 0.009 0.00715 0.0006 NS NS NS 

Allobates granti 64 15 13 0.606 0.072 0.00237 0.0004 NS NS NS 

Anomaloglossus baeobatrachus 200 70 55 0.938 0.011 0.01105 0.001 NS NS NS 

Anomaloglossus sp. 132 43 55 0.915 0.014 0.01494 0.0015 NS NS NS 

Leptodactylus mystaceus 104 27 17 0.864 0.026 0.00397 0.0003 NS NS NS 

Leptodactylus wagneri B 76 50 35 0.984 0.006 0.00972 0.0005 NS NS NS 

Pristimantis chiastonotus 116 19 16 0.722 0.043 0.00211 0.0002 -1.97849* NS NS 

Pristimantis zeuctotylus 102 17 16 0.745 0.036 0.00213 0.0002 -1.83478* NS NS 

Rhinella castaneotica 116 52 28 0.97 0.007 0.00859 0.0003 NS NS NS 

Rhinella margaritifera s.l. 144 51 25 0.952 0.009 0.0069 0.0002 NS NS NS 

Mean 116 43 33 0.8612   0.0072         

sd 42,7 28 22 0.1237   0.00404         
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Appendix 2:  

Taxonomic and distributional considerations 

 

Preliminary results and previous studies (Fouquet et al., 2007a-c) suggested the 

existence of distinct species within what is generally considered as Allobates granti (n=2), 

Anomaloglossus degranvillei (n=3), Leptodactylus gr. wagneri (n=9) and Rhinella 

margaritifera (n=8). Consequently, we focused our analyses to the lineages for which the 

phylogeographical pattern can be examined in the Guiana Shield.  

 

• Allobates species of the marchesianus/brunneus group are infamously complex in 

terms of species delineation. In French Guiana, two species occur that are generally confused. 

One of them, on which we will focus here, corresponds to Allobates granti recently described 

by Kok (2006). The second has so far been only recorded in the Saul region. 

• Anomaloglossus degranvillei has been described form central French Guiana. Several 

species related to A. degranvillei have been actually lumped together since its original 

description. Anomaloglossus degranvillei is in fact probably restricted to the central mountain 

range in French Guiana, while the most widely distributed species remains still undescribed. 

Here we will only focus on the later, A. sp., given this species has been readily sampled and 

being confident that the other lineage corresponds to the nominal species. 

• Within the Leptodactylus wagneri/podicipinus species group, we focused on L. 

wagneri B which is a forestrial species occurring in the Guiana Shield as opposed to the 

sympatric L. wagneri C which is also forestrial, L. gr. wagneri A and E which also occur in 

the Guiana Shield but seem restricted to open areas, L. validus (=pallidirostris; gr. wagneri 

D) which occurs in Venezuela, Roraima, Trinidade, Tobago and Guyana according to Yanek 

et al. (2006) and is reported here to also occur in Suriname and the four additional species 

occurring outside the Guiana Shield. 

• We also considered the lineages within the Rhinella margaritifera species complex 

that occur in the Guiana Shield except the newly described R. lescurei (Fouquet et al., 2007c) 

so far only documented in French Guiana (but see Avila-Pires et al. 2010) and as opposed to 

the the lineages occurring elsewhere in South America. 

• As mentioned in Fouquet et al. (2007a,c) Rhinella dapsilis DNA sequences have been 

analysed by Pramuk et al. (2007). This species appears to be nested within a clade occurring 

in eastern Amazonia. However, the R. dapsilis specimen analysed by Pramuk et al. is 
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indicated to come from Pichincha - Ecuador which is located in the Andes while the species is 

supposed to occur in western Amazonia according to Frost (amphibian species of world 

accessed in June 2009). The geographical information provided is likely erroneous given the 

close phylogenetic relationship between the R. dapsilis mtDNA haplotype and other R. 

margaritifera sample in French Guiana as well as the identification of the specimen as 

explained in Fouquet et al. (2007c). Given this confusing situation we used the DNA data in 

phylogenetic reconstruction as Rhinella margaritifera but did not consider the geographical 

information. 

 

On the contrary, we grouped several putative species under one name: 

• Allobates femoralis has been recognized for a long time to harbour cryptic species 

over its range. Recently, Simoes et al. (2010) described Allobates hodli from south-western 

Amazonia and also identified a closely related species from Acre. We included this last 

species in our reconstruction. 

• We considered all the Anomaloglossus spp. that are clustering with Anomaloglossus 

baeobatrachus even if evidences that various species are actually hidden under it.  

• We grouped Rhinella margaritifera lineages from the Guiana Shield, Rhinella martyi 

(Fouquet et al., 2007c) and the closest Amazonian lineages because they appeared allopatric 

in the Guiana Shield and/or phylogenetically close enough to be included in the same group. 

• For similar reasons we also grouped under the name Rhinella castaneotica populations 

from Amazonia of this species and material from the GS that actually may correspond to a 

related but distinct species (Fouquet et al., 2007c). 

 

Due to the confusion surrounding species delineation in several species like in the 

Leptodactylus wagneri/podicipinus species group we mapped the ranges of most Amazonian 

species according to the GAA supposedly occurring in the Guiana Shield and additional 

species (see Figures S21b). 

We also mapped the observed and supposed ranges of Anomaloglossus stepheni 

because it appeared to have a contact zone with Anomaloglossus baeobatrachus. These two 

different species have similar ecology and reproductive behaviour and interestingly do not 

seem to overlap across their ranges.  
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Justifications of the species generation time used 

 

It has been shown that the age at maturity is correlated with longevity (Tilley 1980; 

Miaud et al. 2000), characteristics that are themselves frequently related to body size and 

mode of reproduction (Wells 2007). These traits are known to vary among the sexes as well 

as among temperate/lowland species. Most females of temperate species do not reach 

maturity before 3 years (Halliday and Tejedo 1995). However, most small tropical species 

with small clutches and parental care (Duellman and Trueb 1986; Donnelly 1999; Morrison 

and Hero 2003) can probably reproduce as early as their first year (e.g. Kumbar and 

Pancharatna 2001; Gramapurohit et al. 2004). In larger species such as Leptodactylus 

bufonius [Reading and Jofre 2003], and Leptodactylus pentadactylus [Galatti 1992] female 

maturity may be reached as late as two years of age. Even less is known of survival with the 

little information available suggesting that maximum longevity only rarely exceeds five years 

(Morrison et al. 2004) in tropical amphibians and that most individuals survive less than a 

year after reaching sexual maturity (Barbault and Rodrigues 1978; 1979; Barbault and Pilorge 

1980; Galatti 1992; Ramirez et al. 1998; Wells 2007). Given these uncertainties we 

considered the survival rates past first breeding to be close to 0 in all species, thus only 

considering the first reproduction to be significant. We also considered all small bodied 

species to have a one year generation time, which we increased to 1.5 years in larger species 

that typically have large clutches and in which at least females probably need more than a 

year to reach sexual maturity. 
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Appendix 3: New Tyrosinase primers designed for this study 

 

Leptodactylidae Tyr I Adeno 6 CAACTCTCCTTTGGGTCCTC 

Leptodactylidae Tyr BC Adeno CTGGAGATGGTTCTACTTGTGG 

Leptodactylidae Tyr H Adeno ACATTGTTGGGCATCTCTCC 

Leptodactylidae Tyr E Adeno 18 CTGAGGAGAACAGTGCTGG 

Leptodactylidae Tyr E Adeno 16 GGCTGAGGAGAACAGTGCT 

Aromobatidae Tyr E Dendro12 GCTGGGCTGAGGAKATTATC 

Aromobatidae Tyr E Dendro16 GGCTGAGGAKATTATCRCTTA 

Aromobatidae Tyr I Dendro CCTTTGGGTTCACARTTTC 

Aromobatidae Tyr I Dendro 5 CCTCACCTTYGGGTTCACA 

Pristimantis Tyr E Eleu14 TGGGCTGAGTAGGAYGGTA 

Pristimantis Tyr E Eleu17 GCTGAGTAGGAYGGTACTGG 

Pristimantis Tyr I Eleu12 GTTGTATCTACCTCACCTTTGG 

Leptodactylidae Tyr I Lepto14 GTCSTGTCCAACTCTCCYGTG 

Leptodactylidae Tyr E Lepto 29 CGTTGCTGGTTGGGTGGKTTC 

Aromobatidae Tyr I Allob 6 ACTCCCCTTCAGGTTCACA 

Aromobatidae Tyr I Dendro 19 TCCCTTTAGYGGCATTGACGA 

Aromobatidae Tyr H Dendro 25 CAGAAGGGGATGGTGAAGTT 
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Appendix 4: Best models fitting the data for each genus estimated with Modeltest, alignements sizes of each dataset and outgroups used. 

Models are also indicated for the mtDNA dataset used for relaxed molecular clock Bayesian dating. 

 

 
Model Gamma Subst. matrix Pinvar Base comp. 

Align. 

mtDNA 

Taxa 

mtDNA 

Align. 

nuDNA 

Taxa nu 

DNA 
Outgroups 

Adenomera GTR+I+G 0.7662 0.2374,9.7214,2.4535,0.0785,4.4889,1 0.4235 0.2597,0.1737,0.2385,0.3281 807 107 584 152 
Leptodactylus gr. wagneri A, L. mystaceus, 

L. rhodomystax, Lithodytes lineatus 

Allobates GTR+I+G 0.7493 0.2260,5.6390,1.2594,0.0800,2.6978,1 0.4379 0.2883,0.1573,0.2294,0.3250 807 81 549 87 Aromobates nocturnus, Nephelobates sp. 

Anomaloglossus GTR+I+G 0.3548 0.2091,8.7249,1.5651,0.0718,2.9267,1 0.1747 0.2613,0.1674,0.2386,0.3327 791 85 524 185 Allobates granti 1 and 2, A. femoralis 

Leptodactylus GTR+I+G 0.6541 0.1683,7.3207,1.4646,0.1001,3.8140,1 0.3843 0.2549,0.1689,0.2473,0.3289 819 96 617 135 Adenomera heyeri, Lithodytes lineatus 

Pristimantis GTR+I+G 0.7586 0.2502,5.9063,1.2487,0.1596,3.3305,1 0.2550 0.2501,0.1357,0.2528,0.3614 866 130 576 135 
Phrynopus brunneus, P. peraccai, P. 

bracki, Eleutherodactylus dolops 

Rhinella GTR+I+G 0.7779 0.1845,17.7267,3.6557,0.0001,7.7505,1 0.4938 0.2865,0.1822,0.2212,0.3101 790 68 539 152 
Chaunus chavin, C. nesiotes, 

Rhamphophryne festae 

mtDNA dating GTR+I+G 0.7216 0.412,8.019,1.6751,0.1781,4.6501,1 0.2763 0.2677,0.1139,0.2382,0.3802 843 97      
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Appendix 5: Calibration point details used for the relaxed molecular clock Bayesian dating and corresponding references. 

 

Node Additional species included for mtDNA Age (Ma) SD REF 

Hyloidea (Root)   63 10 Roelants et al., 2007; San Mauro et al., 2005 

Holartic Hyla Hyla arenicolor, Hyla arborea 18.2 3 Roelants et al., 2007 

Acris + Holartic Hyla Acris crepitans 30.5 5 Roelants et al., 2007 

Lophiohylini + Hylini Trachycephalus venulosus, Osteocephalus taurinus 40.7 6 Roelants et al., 2007 

Pelodryadinae + Phyllomedusinae Litoria caerulea, Phyllomedusa vaillanti 43.2 8 Roelants et al., 2007 

Dendrobates + Phyllobates Dendrobates auratus, Phyllobates vittatus 18.9 4 Roelants et al., 2007 

Dendrobates Phyllobates + Epipedobates Epipedobates tricolor 26.6 5 Roelants et al., 2007 

Rhinella + Cranopsis + Anaxyrus + Bufo Bufo bufo, Cranopsis coniferus, Anaxyrus boreas <43.3   interpreted from Roelants et al., 2007 and Pramuk et al 2007 

Pristimantis Pristimantis cruentus, Pristimantis actites 24.45 6 Heinicke et al., 2007 

Pristimantis + Phrynopus bracki Phynopus bracki 36.5 8 Heinicke et al., 2007 

Carribean Eleutherodactylini Eleutherodactylus martinicensis, Syrrophus zeus 29.4 6 Heinicke et al., 2007; Roelants et al., 2007 

Carribean + other Eleutherodactylini   48.3 8 Heinicke et al., 2007; Roelants et al., 2007 

Leptodactylidae   <54.8   interpreted from Roelants et al., 2007 
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Appendix 6: IMa results and ABC design with datasets description. 1, lineages designation from network clades and their respective 

geographical location; 2 length of the alignments; and base composition; 3 IMa results and estimated time of split with 95%CI. 

Species 
Group 1 

(nmt/nu) 
local. 

Group 2 

(nmt/nu) 
local. 

mt 

DNA 
A C G 

nu 

DNA 
A C G 

IMa t 

modes 
 q1    q2    qa    m1    m2   

T in 

Ma 
95%L 95%H 

Adenomera andreae 4-1 (38/74) N FG 

4-2,3,4,5 

(34/66) 

Central + S FG+ AP 

+ SUR 773 0.252 0.178 0.255 584 0.246 0.260 0.227 2.915 62.46 69.355 16.399 0.1785 0.0663 1.336 0.978 2.332 

Adenomera heyeri 3-1 (19/38) N FG 3-2 (13/26) S FG + SUR + GUY 766 0.252 0.188 0.241 584 0.254 0.253 0.222 0.85 9.812 9.501 10.42 NA NA 0.382 0.199 0.757 

Allobates femoralis 4-1 (34/58) 

N FG 

+ AP 4-2 (13/22) 

S FG + AP + SUR + 

GUY 768 0.251 0.184 0.238 549 0.244 0.275 0.263 2.425 17.493 9.997 2.812 0.0903 0.022 1.121 0.626 2.610 

Allobates granti 4-1 (25) N FG 4-2 (7) S + E FG 781 0.266 0.179 0.228 549 0.248 0.269 0.259 1.547 2.495 2.766 0.008 NA NA 0.709 0.249 1.450 

Anomaloglossus 

baeobatrachus 4-1 (52/88) N FG 4-2 (32/64) S FG +AP 757 0.242 0.182 0.256 524 0.262 0.257 0.250 2.532 12.441 34.265 7.792 0.0582 0.0945 1.211 0.710 2.959 

Anomaloglossus sp. 3-1 (18/36) N FG 3-2,3 (35/64) S FG 765 0.246 0.188 0.250 524 0.267 0.254 0.246 1.934 5.287 17.937 0.007 0.0465 0.0004 0.918 0.415 1.561 

Leptodactylus mystaceus 3-1 (21/40) FG 3-3,4 (17/34) E FG + AP 778 0.225 0.201 0.237 617 0.253 0.237 0.248 1.298 5.499 7.238 6.322 0.4064 0.5763 0.844 0.251 1.625 

Leptodactylus wagneri B 
3-1,2 

(19/38) N FG 3-3 (5/16) S FG + AP + SUR 784 0.219 0.201 0.268 617 0.251 0.227 0.248 2.645 22.087 25.65 5.565 0.0004 0.2347 1.142 0.693 3.054 

Pristimantis chiastonotus 3-1 (43/78) FG 3-2 (14/30) AP 771 0.226 0.181 0.256 576 0.260 0.245 0.238 2.655 6.152 4.462 0.057 0.0006 0.0008 1.196 0.448 2.703 

Pristimantis zeuctotylus 4-2 (41/78) 

N FG 

+ 

SUR 4-1 (13/24) 

Central + S FG+ AP 

+ SUR 730 0.223 0.182 0.263 576 0.249 0.241 0.247 2.019 9.933 7.612 0.0075 0.0001 0.0815 0.919 0.581 2.291 

Rhinella margaritifera s.l. 4-1 (17/30) 

N FG 

+ AP 4-2 (56/110) 

S FG + AP + SUR + 

GUY 763 0.279 0.187 0.225 539 0.262 0.235 0.258 1.839 10.327 30.112 6.65 0.165 0.1501 1.291 0.655 3.111 
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Appendix 7: List of supplementary figures 

Species 

Figures S 
mtDNA trees 

 
doi:10.5061/dryad.bj

1514fn/2  

Figures S mtDNA 
networks 

 
doi:10.5061/dryad.bj151

4fn/3 

Figures S   maps 
 

doi:10.5061/dryad.bj151

4fn/4 

Figures S nuDNA 
networks 

 
doi:10.5061/dryad.bj151

4fn/5 

Adenomera andreae 1 7a 13a 19 

Adenomera heyeri 1 7b 13b 19 

Allobates femoralis 2 8a 14a 20 

Allobates granti 2 8b 14b 20 

Anomaloglossus 

baeobatrachus 
3 9a 15a 21 

Anomaloglossus sp. 3 9b 15b,c 21 

Leptodactylus mystaceus 4 10a 16a 22 

Leptodactylus wagneri B 4 10b 16c 22 

Pristimantis chiastonotus 5 11a 17a 23 

Pristimantis zeuctotylus 5 11b 17b 23 

Rhinella castaneotica 6 12a 18a 24 

Rhinella margaritifera s.l. 6 12b 18b,c 24 
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