
1 

 

 

Supplementary Fig. 1. Reconstructed heterochrony of relative timing of the 

premaxilla, using squared-change parsimony. Blue numbers indicate divergence time 

(in MYA). 



2 

 

 

Supplementary Fig. 2. Reconstructed heterochrony of relative timing of the 

maxilla, using squared-change parsimony. 
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Supplementary Fig. 3. Reconstructed heterochrony of relative timing of the 

dentary, using squared-change parsimony. 
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Supplementary Fig. 4. Reconstructed heterochrony of relative timing of the frontal, 

using squared-change parsimony.  
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Supplementary Fig. 5. Reconstructed heterochrony of relative timing of the nasal, 

using squared-change parsimony. 
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Supplementary Fig. 6. Reconstructed heterochrony of relative timing of the jugal, 

using squared-change parsimony. 
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Supplementary Fig. 7. Reconstructed heterochrony of relative timing of the 

lacrimal, using squared-change parsimony. 
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Supplementary Fig. 8. Reconstructed heterochrony of relative timing of the 

parietal, using squared-change parsimony. 
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Supplementary Fig. 9. Reconstructed heterochrony of relative timing of the 

squamosal, using squared-change parsimony. 
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Supplementary Fig. 10. Reconstructed heterochrony of relative timing of the 

vomer, using squared-change parsimony. 

  



11 

 

 

Supplementary Fig. 11. Reconstructed heterochrony of relative timing of the 

palatine, using squared-change parsimony. 

  



12 

 

 

Supplementary Fig. 12. Reconstructed heterochrony of relative timing of the 

orbitosphenoid, using squared-change parsimony. 
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Supplementary Fig. 13. Reconstructed heterochrony of relative timing of the 

basisphenoid, using squared-change parsimony. 
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Supplementary Fig. 14. Reconstructed heterochrony of relative timing of the 

pterygoid, using squared-change parsimony. 
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Supplementary Fig. 15. Reconstructed heterochrony of relative timing of the 

alisphenoid, using squared-change parsimony. 
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Supplementary Fig. 16. Reconstructed heterochrony of relative timing of the 

basioccipital, using squared-change parsimony. 

  



17 

 

 

Supplementary Fig. 17. Reconstructed heterochrony of relative timing of the 

supraoccipital, using squared-change parsimony. 
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Supplementary Fig. 18. Reconstructed heterochrony of relative timing of the 

exoccipital, using squared-change parsimony. 
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Supplementary Fig. 19. Reconstructed heterochrony of relative timing of the 

ectotympanic, using squared-change parsimony. 
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Supplementary Fig. 20. Reconstructed heterochrony of relative timing of the 

goniale, using squared-change parsimony. 
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Supplementary Fig. 21. Reconstructed heterochrony of relative timing of the 

petrosal, using squared-change parsimony. 
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Supplementary Fig. 22. Sequence shifts recovered by the PGi analysis for inclusive clades (Cetartiodactyls). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities. 
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Supplementary Fig. 23. Sequence shifts recovered by the PGi analysis for inclusive clades (Carnivora and Pholidota). 

Abbreviations: A, acceleration; D, delay. See Fig. 2 for element identities. 
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Supplementary Fig. 24. Sequence shifts recovered by the PGi analysis for inclusive clades (Chiroptera). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities. 
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Supplementary Fig. 25. Sequence shifts recovered by the PGi analysis for inclusive clades (Lipotyphla). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities.
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Supplementary Fig. 26. Sequence shifts recovered by the PGi analysis for inclusive clades (Glires). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities.



29 

 

 

Supplementary Fig. 27. Sequence shifts recovered by the PGi analysis for inclusive clades (Primates, Scandentia, and 

Dermoptera). Abbreviations: A, acceleration; D, delay. See Fig. 2 for element identities.
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Supplementary Fig. 28. Sequence shifts recovered by the PGi analysis for inclusive clades (Xenarthra). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities.
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Supplementary Fig. 29. Sequence shifts recovered by the PGi analysis for inclusive clades (Afrotheria). Abbreviations: A, 

acceleration; D, delay. See Fig. 2 for element identities. 
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Supplementary Table 1. References and calculation of divergence time of each node of the composed topology. Reference 1 = 

chapters of the Timetree of Life”. Age 1 = age as inferred in Reference 1; Reference 2 = literature reference for the age of a subclade; 

Age 2 = age as inferred in Reference 2; * = indicates the overlap of a major node of Reference 1 and the deepest node in Reference 2: 

for this overlap a Factor was calculated between Age 1 and Age 2, which was then used to calculate Age 3 in the related subclades of 

this clade in order to normalize Age 2 to the consistent, amniote wide age estimate of Reference 1 (Age 1). Age 3 = inferred 

divergence time of each node used to scale the composed topology. If no reference was available for the age of a particular node, the 

branch lengths of the containing subclades were evently distributed. If not the exact taxon composition was compared in Reference 1 

and 2, a comment is made to Reference 2. Ages in million years, rounded to two decimal places. Node numbers of terminal taxa 

(species) are not listed and their age was set to 0. 

Node Taxon name Reference 1  (Timetree of Life) Age 1 Reference 2 Age 2 Factor Age 3 

2 Amniota Shedlock and Edwards 1 324.5 - - - 324.5 

3 Sauropsida Shedlock and Edwards 1 274.9 - - - 274.9 

4 Archosauria Shedlock and Edwards 1 219.2 - - - 219.2 

5 Aves van Tuinen 2 119 - - - 119 

6 Galloanserae  Pereia and Baker 3 106.90* Slack 4 77.1 1.39 106.9 

7 Anatidae - - Slack 4 29.6 1.39 41 

11 Phasanidae (Galliformes) - - Slack 4 29.9 1.39 41.5 

13 Meleagris /Gallus - - - - - 20.75 

16 Palaeognathae Baker and Pereia 5 96.7 - - - 96.7 

18 Dromaius +Rhea/Struthio  - - - - - 88.65 

19 Rhea /Struthio Baker and Pereia 5 80.6 - - - 80.6 

23 Crocodylia Brochu 6 102.6 - - - 102.6 

26 Testudines Shaffer 7 207 - - - 207 

29 Unidentata (Scincidae+Lacertata) Hedges and Vidal 8 188.30* Vidal and Hedges 9 215 0.88 188.3 

30 Scincidae - - Vidal and Hedges 9 min. 192 0.88 min. 168.20 

32 NN - - - - - 112.13 

34 NN - - - - - 56.07 

37 Episquamata Hedges and Vidal 8 179.7 - - - 179.7 

38 Lacertata Hedges and Vidal 8 169.30* Vidal and Hedges 9 177 0.96 169.3 
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39 Lacertiformes - - Vidal and Hedges 9 min. 152 0.96 min. 145.4 

42 Teiioidea Hedges and Vidal 8 85.5 Vidal and Hedges 9 min. 177 0.96 85.5 

45 Polychrus +Serpentes Hedges and Vidal 8 166.4 - - - 166.4 

47 Alethinophidia (Serpentes) Vidal et al. 10 105.80* Burbik and Pyron 9 93.5 1.13 105.8 

49 Caenophidia Vidal et al. 10 103.7 - - - 103.7 

51 Colubroidea - - Burbik and Pyron 9 37.2 1.13 42.1 

52 Viperidae - - Burbik and Pyron 9 23.8 1.13 26.9 

54 Crotlinae - - - - - 13.45 

57 NN - - - - - 21.05 

58 NN - - - - - 10.05 

61 Colubridae - - - - - 5.38 

64 Mammalia Madsen 11 220.2 - - - 220.2 

65 Monotremata Springer and Krajewski 12 45.9 - - - 45.9 

68 Theria Madsen 11 176.1 - - - 176.1 

69 Marsupialia Springer et al. 12 78.1 - - - 78.1 

70 Didelphimorphia Springer et al. 12 37.40* Bininda-Emonds et al. 13 56.1 0.67 37.4 

71 Didelphidae - - Bininda-Emonds et al. 13 52.4 0.67 34.9 

73 Didelphis - - Bininda-Emonds et al. 13 17.3 0.67 11.5 

77 Peramelis/Dasyurus+Phalangeridae Springer et al. 12 63.90* Bininda-Emonds et al. 13 54.5 1.17 63.9 

78 Peramelis/Dasyurus Springer et al. 12 60.7 Meredith (2008) 60 1.17 60.7 

79 Perameliidae - - Bininda-Emonds et al. 13 12.2 1.17 14.3 

82 Dasyuridae - - Bininda-Emonds et al. 13 27.4 1.17 32.1 

85 Phalangeridae (Trichosurus)/Macropodidae 

(Macropus) 

Springer et al. 12 46.1 - - - 46.1 

88 Placentalia Murphy and Eizirik 14 104.7 - - - 104.7 

89 Atlantogenata Murphy and Eizirik 14 103.3 - - - 103.3 

90 Afrotheria Murphy and Eizirik 14 77.8 - - - 77.8 

91 Proboscidae/Hydacoidea Murphy and Eizirik 14 61.1 - - - 61.1 

94 Macroscelidae/Afrosoricida Murphy and Eizirik 14 73.00* Poux et al. 15 71 1 73 

95 Tenrecidae -  Poux et al. 15 21 1 21 

98 Macroscelididae - - - - - 36.5 

101 Xenarthra Dulcec et al. 16 70.50* Bininda-Emonds et al. 13 72.5 0.97 70.5 

102 Dasypus - - Bininda-Emonds et al. 13 11.1 0.97 10.8 

105 Pilosa Dulcec et al. 16 60 - - - 60 

108 Boreoeutheria Murphy and Eizirik 14 97.4 - - - 97.4 

109 Euarchontoglires Murphy and Eizirik 14 91 - - - 91 
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110 Euarchonta Murphy and Eizirik 14 89.1 - - - 89.1 

111 Galeopterus + Primates Murphy and Eizirik 14 86.2 - - - 86.2 

112 Primates Steiper and Young 17 77.5 - - - 77.5 

113 Haplorhini  Steiper and Young 17 71.1 - - - 71.1 

114 Catarrhini Steiper and Young 17 29.60* Perelman et al. 18 31.56 0.94 29.6 

115 Macaca nemestrina/M. fuscata/M. fascicularis) -  Perelman et al. 18 4.13 0.94 4 

117 Macaca fuscata/M. fascicularis -  Perelman et al. 18 2.77 0.94 2.7 

122 Strepsirrhini Steiper and Young 17 61.90* Perelman et al. 18  40.34 1.53 61.9 

124 Lorisinae - - Perelman et al. 18 21.14 1.53 32.4 

129 Glires Murphy and Eizirik 14 86.4 - - - 86.4 

131 Rodentia (Cavia/Mus) Honeycutt 19 82.8 - - - 82.8 

132 Caviomorpha Honeycutt 19 35.3 - - - 35.3 

133 Cavia/Erethizon Honeycutt 19 31.7 - - - 31.7 

136 Octodon/Myocastor Honeycutt 19 32 - - - 32 

139 Jaculus/Mus Honeycutt 19 66 - - - 66 

140 Muridae+Cricetidae Honeycutt 19 24 - - - 24 

141 NN - - - - - 20 

142 NN - - - - - 16 

143 Mesocricetus/Microtus - - - - - 12 

144 NN - - - - - 8 

145 NN - - - - - 4 

152 Muridae - - - - - 20 

153 Mus/Rattus - - - - - 16 

154 Rattus - - - - - 8 

157 NN - - - - - 12 

159 Apodemus/Mus - - - - - 8 

161 Apodemus - - - - - 4 

166 Laurasiatheria Murphy and Eizirik 14 87.2 - - - 87.2 

167 Eulipothyphla Douady and Douzery 20 80.5 - - - 80.5 

168 NN - - - - - 67.1 

169 NN - - - - - 53.7 

171 NN - - - - - 40.25 

173 NN - - - - - 26.8 

174 Talpa occidentalis/europoaea - - - - - 13.4 

177 NN - - - - - 13.4 

181 Erinaceidae/Soricidae Douady and Douzery 20 66.2 - - - 66.2 
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182 Erinaceus - - - - - 33.1 

185 Crocidura+Suncus/Sorex - - - - - 52.96 

186 Crocidura/Suncus - - - - - 39.72 

188 Crocidura - - - - - 26.48 

189 NN - - - - - 13.24 

193 Sorex/Cryptotis/Chimarrogale - - - - - 39.72 

194 NN - - - - - 26.8 

195 Sorex - - - - - 13.4 

199 Chimarrogale/Neomys - - - - - 13.24 

202 Pegasoferae/Cetartiodactyla Murphy and Eizirik 14 84.6 - - - 84.6 

203 Pegasoferae (Chiroptera/Ferae) Murphy and Eizirik 14 84.2 - - - 84.2 

204 Chiroptera Teeling 21 62.00* Bininda-Emonds et al. 13 74.9 0.83 62 

205 Pteropodidae+Rhinolophidae Teeling 21 57.5 - - - 57.5 

207 Pteropodidae - - Bininda-Emonds et al. 13 27.3 0.83 22.6 

210 Vespertilionidae - - Bininda-Emonds et al. 13 56 0.83 46.4 

212 NN - - Bininda-Emonds et al. 13 15.8 0.83 13.1 

214 Myotis - - Bininda-Emonds et al. 13 12.9 0.83 10.7 

217 Ferae (Carnivora/Pholidota(Manis)) Murphy and Eizirik 14 79.8 - - - 79.8 

218 Carnivora Eizirik and Murphy 22 52.9 - - - 52.9 

220 Caniformia Eizirik and Murphy 22 44 - - - 44 

222 Phoca/Mustella Eizirik and Murphy 22 38 - - - 38 

225 Manis - - - - - 19 

228 Cetartiodactyla Gatesy 23 67.30* Bininda-Emonds et al. 13 74.1 0.91 67.3 

230 Sus+Cetacea/Ruminantia Gatesy 23 63.5 - - - 63.5 

232 Cetacea/Ruminantia Gatesy 23 59.1 - - - 59.1 

234 Ruminantia (Capreolus/Bovidae) Gatesy 23 27.8 - - - 27.8 

236 Bovidae - - Bininda-Emonds et al. 13 29.9 0.91 27.2 

237 Caprinae - - Bininda-Emonds et al. 13 19.6 0.91 17.8 
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Supplementary Table 2. Reconstructed ossification sequence of the hypothetical common ancestor of Mammalia and 

Sauropsida (non-mammalian amniotes) using squared-change parsimony. Exact reconstructed value and 78% confidence 

interval (CI) values are given. Ossification sequence is scaled from 0 to 1. Values for orbitosphenoid and alisphenoid of sauropsid 

common ancestor are not available because of uncertain homologies of these bones. 

  Mammalian last common ancestor  Sauropsid last common ancestor 

Number 

code 

Bone Reconstructed 

value 

Lower 78% 

CI 

Upper 78% 

CI 

 Reconstructed 

value 

Lower 78% 

CI 

Upper 78% 

CI 

1 Premaxilla 0.27  -0.02  0.56   0.37  0.12  0.63  

2 Maxilla 0.27  0.05  0.48   0.30  0.12  0.49  

3 Dentary 0.28  0.10  0.45   0.29  0.14  0.45  

4 Frontal 0.41  0.10  0.72   0.49  0.22  0.77  

5 Nasal 0.49  0.22  0.75   0.52  0.27  0.76  

6 Jugal 0.43  0.13  0.74   0.38  0.09  0.65  

7 Lacrimal 0.67  0.29  1.05   0.65  0.27  1.04  

8 Parietal 0.45  0.16  0.76   0.48  0.22  0.83  

9 Squamosal 0.41  0.11  0.76   0.38  0.11  0.65  

10 Vomer 0.51  0.14  0.89   0.54  0.21  0.87  

11 Palatine 0.38  -infinity infinity  0.40  -infinity infinity 

12 Orbitosphenoid 0.86  -infinity infinity  - - - 

13 Basisphenoid 0.73  0.38  1.07   0.68  0.38  0.99  

14 Pterygoid 0.42  0.11  0.73   0.29  0.02  0.56  

15 Alisphenoid 0.67  0.31  1.04   - - - 

16 Basioccipital 0.66  0.30  1.01   0.76  0.29  1.16  

17 Supraoccipital 0.67  0.33  1.01   0.83  0.53  1.13  

18 Exoccipital 0.57  0.22  0.93   0.69  0.38  1.00  

19 Ectotympanic 0.49  0.21  0.81   0.40  0.16  0.76  

20 Goniale 0.57  0.25  0.91   0.53  0.22  0.88  

21 Petrosal 0.98  0.80  1.14   0.94  0.78  1.09  
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Supplementary Table 3. List of life history variables. 

Species name Body wight Neonatal weight Gestation length Brain wieght EQ Reference 

Tarsius tarsier 125 28.5 191 3.6 0.2450 Gursky 24, Ross 25 

Nycticebus coucang 885 51.24 192 13.6 0.1881 Izard, et al. 26 

Loris tardigradus 322   5.9 0.1530 Silcox, et al. 27, Hansen 28 

Otolemur crassicaudatus 850 52 133 10.3 0.0805 Newman and Hendrickx 29 

Macaca nemestrina 8660 472 175 122 0.4020 Marino 30, Tokuda, et al. 31, Ross 25 

Macaca fuscata 9506 496 173 90.99 0.2444 Barton 32, Fooden and Aimi 33, Ross 25 

Macaca fascicularis 5060 345 164 70 0.3348 Marino 30, Jewett and Dukelow 34, Ross 25 

Homo sapiens 75000 3375 266 1460 0.7806 Hall 35, Ross 25 

Galeopterus variegatus 1300 35 60 7 -0.2249 Pirlot and Kamiya 36, Macdonald 37 

Tupaia belangeri 170 18 45 3.2 0.0942 Tsang and Collins 38, Ferner, et al. 39 

Oryctolagus cuniculus 1411 34 29 8.98 -0.1433 Gibb, et al. 40, Swihart 41 

Lepus sp. 1954 110 42 14.35 -0.0452 Swihart 41 

Abrothrix longipilis 66 3.5 23   Merani and Lizarralde 42, Antinuchi and Busch 43 

Mesocricetus auratus 94 2.5 16 1.12 -0.1684 Barton 32, Labov, et al. 44 

Rattus norvegicus (albino) 184   1.8 -0.1818 West and Kemper 45 

Rattus norvegicus (long-evans) 345 7.5 22 2.15 -0.3078 Troy-Harker and Whishaw 46, Wisniewski, et al. 47, Kalinichev, et al. 48,  

Peromyscus melanophrys 45 1.9 23 0.94 -0.0072 Kiltie 49, Svihla 50 

Mus musculus 21 1.3 20 0.43 -0.0976 Laurie 51, Meikle and Westberg 52 

Cavia porcellus 415 94 68 4.6 -0.0373 Laurien-Kehnen and Trillmich 53 

Erethizon dorsatum 5397 504 213 24.6 -0.1403 Shadle 54 

Octodon degu 140 14 90   Mahoney, et al. 55, Long and Ebensperger 56 

Myocastor coypus 7052 207 133   Gosling 57 

Meriones unguiculatus 57 2.8 25.6 1.13 -0.0061 Lesku, et al. 58, McManus 59 

Rhabdomys pumilio 40 2.5 23 0.69 -0.1009 Brooks 60 

Myodes glareolus 18 1.8 18.5 0.52 0.0344 Vihervaara, et al. 61, Mappes, et al. 62 

Myodes rex 38  18.5   Kaneko, et al. 63 

Apodemus speciosus 48 2.4 20 0.54 -0.2681 Fujimaki 64, Oh and Mori 65 

Apodemus argenteus 15 1.7 20 0.312 -0.1302 Koyama 66,Koyama 67, Fujimaki 64 

Microtus montebelli 35 2.9 21.1   Yoshinaga, et al. 68 

Jaculus jaculus 55 2 25 1.8 0.2100 McNab and Eisenberg 69, Jordan, et al. 70, Happold 71 

Arvicola amphibius 168 5 21 1.64 -0.1928 Bazhan, et al. 72 

Xerus sp. 640 20 48 10.74 0.1908 Skurski and Waterman 73 

Erinaceus europaea  697 16 37 3.77 -0.2917 Symonds 74 

Erinaceus amurensis 600     Japanese Ministry of the Environment 75 

Mogera wogura  129  40   De Magalhaes and Costa 76 

Mogera insularis 57     Lin and Motokawa 77 

Condylura cristata 50 1.5 45 1.37 0.1223 Lesku, et al. 58, Eadie and Hamilton 78 

Scapanus orarius 70 5 35 2.02 0.1819 Carraway, et al. 79 
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Talpa europaea 81 3.5 31.5 1.69 0.0592 Symonds 74 

Talpa occidentalis 45 3 28   Barrionuevo, et al. 80 

Urotrichus talpoides 19     Ishii 81 

Cryptotis parva 5 0.34 21.5   Mock 82, De Magalhaes and Costa 76 

Suncus murinus 36 2.7 30   Dryden, et al. 83, Lesku, et al. 58 

Chimarrogale platycephala 45 1 22 0.9 -0.0261 This study, Furuta 84 

Neomys fodiens 14 1 22   McNab and Eisenberg 69, Stephenson and Racey 85 

Sorex araneus 8 0.45 22 0.25 -0.0019 Symonds 74 

Sorex unguiculatus 10 0.6 24   Inoue 86, Nesterenko and Ohdachi 87 

Crocidura russula 10 0.88 29.6 0.19 -0.2110 Symonds 74 

Crocidura attenuata 10 1.5 29   This study, Fang, et al. 88 

Crocidura dsinezumi 10  29 0.19 -0.1908 Ohno, et al. 89 

Crocidura watasei 6  29   This study 

Rousettus aegyptiacus 130 12 120 2.6 0.0910 Giannini, et al. 90, Kurta and Kunz 91 

Myotis myotis 25 5.9 65 0.48 -0.1086 Lesku, et al. 58, De Magalhaes and Costa 76 

Kerivoula sp. 4     This study 

Myotis sp. 7 2 60 0.23 -0.0157 De Magalhaes and Costa 76, Eisenberg and Wilson 92 

Rhinolophus thomasi       

Cynopterus sphinx  11 120   De Magalhaes and Costa 76 

Hesperoptenus blanfordi 7     This study 

Hipposideros larvatus 14 2.34 158 0.32 -0.0948 De Magalhaes and Costa 76 

Canis familaris 22680 450 63 119 0.0792 De Magalhaes and Costa 76 

Felis catus 5400 97.5 65 30 -0.0542 Burton 93, De Magalhaes and Costa 76 

Mustela sp. 179 2.6 36 4.6 0.2351 De Magalhaes and Costa 76 

Eumetopias jubatus 181000 5900 237 367 -0.1046 York and Scheffer 94, Trites 95 

Phoca sp.       

Sus scrofa 84528 960 115 185.35 -0.1545 Burton 93, De Magalhaes and Costa 76 

Ovis aries 32950 2370 146 125.90 -0.0173 De Magalhaes and Costa 76 

Bos taurus 591562 26000 280 456.04 -0.3939 Camargo, et al. 96, De Magalhaes and Costa 76 

Capra hircus 37068 2250 155 102.57 -0.1445 Burton 93, De Magalhaes and Costa 76 

Dama dama 56234 4500 233 220.80 0.0535 Burton 93, De Magalhaes and Costa 76 

Capreolus capreolus 25119 1010 153 64.42 -0.2204 Burton 93, De Magalhaes and Costa 76 

Camelus dromedarius 400000 760   -0.0453 McNab and Eisenberg 69 

Manis javanica 3500 87 60 11 -0.3495 McNab and Eisenberg 69, Lim and Ng 97 

Manis crassicaudata 15910 235 67   Heusner 98, De Magalhaes and Costa 76, Lim and Ng 97 

Stenella attenuata 65615 10000 345 779.83 0.5515 Burton 93, De Magalhaes and Costa 76 

Dasypus novemcinctus 3401 66 133 7.5 -0.5065 De Magalhaes and Costa 76 

Dasypus hybridus  1900 30 120   Galíndez, et al. 99, Superina, et al. 100 

Bradypus variegatus  340 180   Taube, et al. 101, Hayssen 102 

Cyclopes didactylus 400  135 4.29 -0.0557 McNab and Eisenberg 69, De Magalhaes and Costa 76 

Tamandua tetradactyla 3692 380 160 25 -0.0102 De Magalhaes and Costa 76, San Diego Zoo 103 
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Trichechus manatus 322000 32000 335   De Magalhaes and Costa 76 

Dugong dugong 360000 27500 374   De Magalhaes and Costa 76 

Loxodonta africana 3505000 105000 670 4420 0.0161 De Magalhaes and Costa 76 

Echinops telfairi  50 55   De Magalhaes and Costa 76 

Tenrec ecaudatus  25 59.3   Lesku, et al. 58, Stephenson and Racey 85 

Procavia capensis 2275     Welker and Carlson 104 

Heterohyrax brucei 2457 225 229   De Magalhaes and Costa 76 

Elephantulus rozeti  10 55   Tripp 105 

Macroscelides proboscideus 40 7 19   De Magalhaes and Costa 76 

Eremitalpa granti 22.7  35   Stuart and Stuart 106 

Orycteropus afer 60000 1800 225   De Magalhaes and Costa 76 

Monodelphis domestica 103 0.1 15 1 -0.2486 Watson, et al. 107, De Magalhaes and Costa 76 

Caluromys philander 277 0.2 24 3.626 -0.0097 De Magalhaes and Costa 76 

Didelphis albiventris 1500 0.12 12   Nogueira 1988. Tyndale-Biscoe and Mackenzie 1976 Santos et al. 2003  

Didelphis virginiana  0.147 12.6   De Magalhaes and Costa 76, Lesku, et al. 58 

Perameles nasuta  0.245 12   De Magalhaes and Costa 76 

Dasyurus viverrnus 813 0.013 19 5.52 -0.1760 Smith 108 

Macropus eugenii 4425 0.37 11 24.55 -0.0768 Gemmell and Selwood 109, Smith 108 

Sminthopsis macroura 17 0.01 12 0.41 -0.0475 De Magalhaes and Costa 76 

Trichosurus vulpecula 1620 0.2 18 11.4 -0.0844 Smith 108 

Isoodon macrourus 822 0.188 12 4.42 -0.2761 De Magalhaes and Costa 76, Weisbecker and Goswami 110 

Ornithorhynchus anatinus 1200 0.5 37 10 -0.0441 Grant and Temple–Smith 111, McNab and Eisenberg 69 *gestation + incubation. 

Tachyglossus aculeatus 2544 0.303 34 19 -0.0088 McNab and Eisenberg 69, Rismiller and McKelvey 112-140 *gestation + incubation. 

Dromaius novaehollandiae 38000   28.09 -1.0858 Corfield, et al. 114, Blakers, et al. 115 

Rhea americana 20000   22.5 -1.0289 Mlikovsky 116 

Struthio camelus 80000   41.9 -1.0900 Mlikovsky 116 

Eudromia elegans          

Meleagris gallopavo          

Gallus gallus 2580 46.1 21 3.6 -1.3356 Burton 93, Uni, et al. 117, University of Michigan, Museum of Zoology 118 

Coturnix coturnix 186 8.2 18 0.49 -1.5732 Bashir and Javed 119, Tserveni-Gousi 120, Woodard, et al. 121 

Anas platyrhynchos 1100   6.2 -0.8959 Mlikovsky 116 

Cairina moschata          

Somateria mollissima          

Liopholis whitii          

Lerista bougainvillii          

Hemiergis peronii          

Saiphos equalis          

Lacerta agilis 10 5.13 53 0.076 -1.6913 Jensen 122, Amat, et al. 123, Ekner, et al. 124 

Ptychoglossus bicolor          

Tupinambis merianae 97 15        

Zootoca vivipara       
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Polychrus acutirostris 20 1.3    Vitt and Lacher 125 

Caiman yacare          

Alligator mississippiensis 67131 67.6 64 6.58 -1.8521 Ferguson 126, Ross 127 

Python sebae  105 87   Branch and Patterson 128, Branch and Erasmus 129, Ott and Secor 130 

Pantherophis alleghaniensis          

Acrochordus granulatus          

Vipera aspis          

Agkistrodon piscivorus          

Bothropoides jararaca          

Naja kaouthia          

Boaedon fuliginosus 202 5.5 60   Boback, et al. 131 

Natrix taxispilota 336     Mills 132 

Emydura subglobosa 500     University of Michigan, Museum of Zoology 118 

Chelydra serpentina 4000 10.8 60 0.98 -2.0054 Yntema 133, Burghardt and Hess 134, University of Michigan, Museum of Zoology 118 
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Supplementary Table 4. Standard deviations and coefficients of variation of 

ossification timing of cranial elements in mammals. Species with more than three ranks 

were included in the analysis.   

Number Code Bone Standard deviation CV 

1 Premaxilla 0.16 1.79 

2 Maxilla 0.09 1.98 

3 Dentary 0.06 3.44 

4 Frontal 0.16 1.04 

5 Nasal 0.26 0.64 

6 Jugal 0.24 0.86 

7 Lacrimal 0.30 0.62 

8 Parietal 0.23 0.97 

9 Squamosal 0.21 0.78 

10 Vomer 0.27 0.89 

11 Palatine 0.17 0.84 

12 Orbitosphenoid 0.17 0.20 

13 Basisphenoid 0.23 0.37 

14 Pterygoid 0.21 0.83 

15 Alisphenoid 0.27 0.43 

16 Basioccipital 0.25 0.59 

17 Supraoccipital 0.29 0.61 

18 Exoccipital 0.25 0.60 

19 Ectotympanic 0.25 0.53 

20 Goniale 0.28 0.45 

21 Petrosal 0.08 0.08 
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