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Supplementary Text 

 

Taphonomy 

 

Different analyses were carried out including hydraulic equivalence, bone modification, 

assemblage data analyses and Voorhies groups classification. The overall study of taphonomic 

aspects followed traditional literature (102,103). Only bones of duck-billed dinosaurs were 

recovered at the site, as is common in the fossil record of these dinosaurs, probably related to their 

gregarious behavior (19). Most of the bones were found scattered without superposition and 

without any evident articulation. The size of the elements ranges between 4.8 cm and 48.1 cm, the 

former value corresponding to the length of the smallest caudal vertebral centrum (CPAP 5351) 

and the latter to the length of the largest femur (CPAP 5359). 44.5% of the elements are complete 

and 93% present some extent of fracture. A minimal number of three individuals (MNI) has been 

estimated based on the number of right femora and left humeri. Relative abundance of elements 

from each skeletal region is shown in Table S1.  

 

The transport of a bone element in water depends on multiple factors, such as shape, 

density, size and degree of articulation, in addition to the flow velocity. Disarticulated bones form 

distinctive classification groups (“Voorhies groups”) according to the flow speed to which they 

are subjected (104-107). Group 1 corresponds to bones of lower density and relatively low mass, 

which are affected by light currents (vertebrae and phalanges, for example); group 2 is formed by 

elements that are eliminated gradually, mainly due to traction; and group 3 corresponds to bones 

that tend to resist transport (due to their greater density and size). We found a predominance of 

Group 3 elements, which is consistent with the interpretation of an original deposit with the 

influence of low stream current transportation (see Table S2). Fluvial transport is therefore the 

most likely explanation for the disarticulation and scattering of the elements within the quarry. 

 

Hydraulic equivalence allows comparing the settling velocity of fossils with that of clasts 

to estimate whether they were deposited at similar flow velocities, that is, by a similar process 

(105). Assemblages that accumulated due to fluvial processes should have a high proportion of 

material in hydraulic equivalence with the sediment matrix, whereas a lack of hydraulic 

equivalence indicates that fluvial processes were not the dominant cause of accumulation 

(although it does not rule out fluvial influence, 108). The average length of (complete) bones is 22 

cm; large bones range between 48 cm and 32 cm and represent 35% of the complete bones. The 

remaining 65% range between 24.6 cm and 4.8 cm in length. When comparing these dimensions 

with quartz grains, using the equivalence table of Behrensmeyer (105), most of the elements are 

found to be equivalent to gravel-sized grains. This means that the current velocity that transported 

these bones should have also been enough to transport gravel-sized grains. The matrix of the 

bonebed however consists predominantly of sandy mudstones with coal lenses and fine-grained 

sandstones. This discrepancy between the hydraulic equivalence of the bones and the matrix 

suggests that flow competence would have been insufficient to transport the bones a long distance, 

thus ruling out allochthonous assembly. This result is consistent with the interpretation based on 

the Voorhies group classification. 

 

Analysis of pre-fossilization and diagenetic weathering are precluded due to current 

climatic conditions at the site (i.e., snow cover during most of the year, temperature fluctuations 



 

 

 

and strong winds during the summer) which have an important influence on the state of 

preservation, accelerating weathering and erosion.  

 

Abrasion stages can be represented by a number from 0 to 3 where 0 represents pristine 

fossil surfaces without signs of abrasion, and 3 corresponds to fossil bones with extremely well-

rounded edges (106,109). The elements at the bonebed show low levels of abrasion (84.5% with 

stage 0 and 15.5% with stage 1) that suggests minimal transport for most specimens. As already 

mentioned, practically all the bones are incomplete. 93.3% of the elements present fractures, most 

of which correspond to transverse and longitudinal fractures as caused by trampling, or 

contemporary exposure of the fossil material to temperature variations (climate) that produce the 

expansion and contraction of the material. No spiral fractures have been found in the analyzed 

fossils. 

 

The different analyses above support the idea that the elements were either not transported 

or underwent minimal transport. This leads us to conclude that the bones are close to the original 

thanatocoenosis and probably to the habitat of these animals, being parauthoctonous and 

synchronic to some degree. The surface of many of the bones is damaged due to their exposure to 

current extreme weather conditions, precluding an appropriate bone modification analysis. The 

present data rule out death by predation and scavenging since there are no bite marks on the 

elements and no predator teeth have been recovered in the quarry. All lines of taphonomic evidence 

indicate that the reasons for the death of the individuals are biological. Considering this 

interpretation, the dominance of elements from Voorhies Group III is unusual. However, it may 

be the result of a flooding event, which would have removed elements from Voorhies Groups 1 

and 2 at a time when the skeletons were exposed.  

 

 

List of rescored and redefined characters in the data set of Rozadilla et al. (4) 

 

1) Secernosaurus koerneri (character 258). Changed from 1 to ?, since the distal half of the scapula 

is not preserved. 

2) Secernosaurus koerneri (character 259). Changed from 0 to ?, since the scapula is incomplete. 

3) Secernosaurus koerneri (character 278). Changed from ? to 1, based on fig. 12 of (110). 

4) Secernosaurus koerneri (character 290). Changed from 0 to 1, based on calculated proportions. 

5) Secernosaurus koerneri (character 293). Changed from 2 to 1 since the supraacetabular process 

does not extend far enough ventrally to reach the middle of the iliac blade. 

6) Secernosaurus koerneri (character 303). Changed from 0 to 1, as the thickening of the 

postacetabular process is due to its dorsomedial rotation. 

7) Secernosaurus koerneri (character 312). Changed from 1 to 0 since, based on our observations, 

the pubic peduncle of the pubis is shorter and more robust compared with other hadrosauroids, see 

(37). 



 

 

 

8) Bonapartesaurus rionegrensis (character 247). Changed from ? to 0, since the chevrons are 

shorter than the caudal neural spines (9). 

9) Bonapartesaurus rionegrensis (character 291). Changed from 0 to 1 since the apex of the 

supraacetabular process is in an anterodorsal position with respect to the caudal tuberosity of the 

ischial peduncle of the ilium (9). 

10) Bonapartesaurus rionegrensis (character 335). Changed from 1 to 0, based on the original 

description given in (9). 

11) Kelumapusaura machi (character 291). Changed from 0 to 1 since the apex of the 

supraacetabular process is in an anterodorsal position with respect to the caudal tuberosity of the 

ischial peduncle of the ilium (4). 

12) Huallasaurus australis (character 287). Changed from 0 to 1 based on our observations (4). 

13) Gonkoken nanoi (character 263). Redefinition (new character state added). A fourth state (3) 

was added for the pseudoacromion process, which refers to the ventral curvature of this structure.  

14) Laiyangosaurus youngi (character 17). Changed from 2 (undefined character in character list) 

to 1. Based on the description of (111). 

15) Parasaurolophus walkeri (character 89). Changed from 2 (undefined character in character 

list) to 1 based on (112).  

16) Olorotitan arharensis (character 89). Changed from 2 (undefined character in character list) 

to 1 based on (112). 

17) Hypacrosaurus altispinus (character 89). Changed from 2 (undefined character in character 

list) to 1 based on (112).  

18) Lambeosaurus lambei (character 91). Changed from 2 (undefined character in character list) 

to 1 based on (112). 

19) Lambeosaurus magnicristatus (character 91). Changed from 2 (undefined character in 

character list) to 1 based on (112).  

20) Hypacrosaurus altispinus (character 91). Changed from 2 (undefined character in character 

list) to 1 based on (112).  

21) Gobihadros mongoliensis (character 99). Changed from ? to 2, based on (5), and fig. 2 of (31). 

22) Gobihadros mongoliensis (character 256). Changed from 1 to 0, based on the description and 

fig. 22 (31). 

23) Gobihadros mongoliensis (character 258). Changed from 0 to 1, based on the description and 

fig. 22 of (31). 

24) Gobihadros mongoliensis (character 293). Changed from 1 to 2 based on the description and 

fig. 20 of (31).  



 

 

 

25) Gobihadros mongoliensis (character 309). Changed from 3 to 1, based on the description and 

fig. 28 of (31). 

26) Gobihadros mongoliensis (character 332). Changed from 1 to 0, based on the description and 

fig. 29 of (31). 

27) Adynomosaurus arcanus (character 318). Changed from 2 to 1, based on the description and 

fig. 8 of (39). 

28) Adynomosaurus arcanus (character 322). Changed from 0 to ?, since the structure is not 

preserved (39). 

29) Adynomosaurus arcanus (character 323). Changed from 0 to ?, since the structure is not 

preserved (39). 

30) Adynomosaurus arcanus (character 324). Changed from 0 to ?, since the structure is not 

completely preserved (39). 

31) Adynomosaurus arcanus (character 325). Changed from 0 to ?, since the structure is not 

preserved (39). 

32) Adynomosaurus arcanus (character 326). Changed from 0 to 1, based on fig. 8 of (39). 

33) Adynomosaurus arcanus (character 327). Changed from 0 to ?, since the structure is not 

completely preserved (39). 

34) Adynomosaurus arcanus (character 328). Changed from 0 to ?, since the distal portion of the 

ischial shaft is not preserved (39). 

35) Adynomosaurus arcanus (character 329). Changed from 0 to ?, since the distal portion of the 

ischial shaft is not preserved (39). 

36) Adynomosaurus arcanus (character 330). Changed from 0 to ?, since the distal portion of the 

ischial shaft is not preserved (39). 

37) Lophorhothon atopus (character 334). Changed from ? to 0, based on the description and fig. 

13 of (32). 

38) Lophorhothon atopus (character 348). Changed from ? to 0, based on fig. 3 (32). 

39) Lophorhothon atopus (character 349). Changed from ? to 0, based on fig. 6 of (32). 

40) Tethyshadros insularis (character 4). Changed from 1 to 0, based on (48). 

41) Tethyshadros insularis (character 6). Changed from 1 to 0, based on (48). 

42) Tethyshadros insularis (character 9). Changed from ? to 0, based on (48). 

43) Tethyshadros insularis (character 10). Changed from ? to 0, based on (48). 

44) Tethyshadros insularis (character 14). Changed from 1 to ?, based on (48). 



 

 

 

45) Tethyshadros insularis (character 15). Changed from 1 to ?, based on (48). 

46) Tethyshadros insularis (character 20). Changed from 1 to 0, based on (48). 

47) Tethyshadros insularis (character 22). Changed from 0 to 1, based on (48). 

48) Tethyshadros insularis (character 24). Changed from ? to 0, based on (48). 

49) Tethyshadros insularis (character 28). Changed from 0 to 0&1, based on (48). 

50) Tethyshadros insularis (character 29). Changed from 0 to ?, based on (48). 

51) Tethyshadros insularis (character 35). Changed from 1 to 0, based on (48). 

52) Tethyshadros insularis (character 38). Changed from 0 to ?, based on (48). 

53) Tethyshadros insularis (character 39). Changed from ? to 1, based on (48). 

54) Tethyshadros insularis (character 42). Changed from ? to 0, based on (48). 

55) Tethyshadros insularis (character 44). Changed from ? to 0, based on (48). 

56) Tethyshadros insularis (character 45). Changed from 1 to 0, based on (48). 

57) Tethyshadros insularis (character 46). Changed from ? to 0, based on (48). 

58) Tethyshadros insularis (character 49). Changed from 1 to 0, based on (48). 

59) Tethyshadros insularis (character 54). Changed from ? to 0, based on (48). 

60) Tethyshadros insularis (character 55). Changed from 1 to 0, based on (48). 

61) Tethyshadros insularis (character 56). Changed from 1 to 0, based on (48). 

62) Tethyshadros insularis (character 57). Changed from 1 to 0, based on (48). 

63) Tethyshadros insularis (character 58). Changed from ? to 0, based on (48). 

64) Tethyshadros insularis (character 62). Changed from 1 to 0, based on (48). 

65) Tethyshadros insularis (character 63). Changed from 0 to 1, based on (48). 

66) Tethyshadros insularis (character 65). Changed from 1 to 0, based on (48). 

67) Tethyshadros insularis (character 67). Changed from 1 to 0, based on (48). 

68) Tethyshadros insularis (character 68). Changed from 1 to ?, based on (48). 

69) Tethyshadros insularis (character 69). Changed from 1 to ?, based on (48). 

70) Tethyshadros insularis (character 71). Changed from 1 to ?, based on (48). 

71) Tethyshadros insularis (character 80). Changed from 1 to ?, based on (48). 



 

 

 

72) Tethyshadros insularis (character 81). Changed from 0 to 1, based on (48). 

73) Tethyshadros insularis (character 90). Changed from ? to 0, based on (48). 

74) Tethyshadros insularis (character 95). Changed from ? to 0, based on (48). 

75) Tethyshadros insularis (character 96). Changed from ? to 0, based on (48). 

76) Tethyshadros insularis (character 97). Changed from 0 to 1, based on (48). 

77) Tethyshadros insularis (character 98). Changed from 1 to 0, based on (48). 

78) Tethyshadros insularis (character 100). Changed from 2 to 0, based on (48). 

79) Tethyshadros insularis (character 101). Changed from 1 to 0, based on (48). 

80) Tethyshadros insularis (character 102). Changed from ? to 0, based on (48). 

81) Tethyshadros insularis (character 105). Changed from 1 to ?, based on (48). 

82) Tethyshadros insularis (character 107). Changed from ? to 1, based on (48). 

83) Tethyshadros insularis (character 110). Changed from ? to 0, based on (48). 

84) Tethyshadros insularis (character 111). Changed from 2 to ?, based on (48). 

85) Tethyshadros insularis (character 126). Changed from 2 to 0, based on (48). 

86) Tethyshadros insularis (character 130). Changed from 1 to ?, based on (48). 

87) Tethyshadros insularis (character 132). Changed from 1 to ?, based on (48). 

88) Tethyshadros insularis (character 135). Changed from 1 to ?, based on (48). 

89) Tethyshadros insularis (character 136). Changed from 1 to 0, based on (48). 

90) Tethyshadros insularis (character 148). Changed from 1 to 0, based on (48). 

91) Tethyshadros insularis (character 170). Changed from 1 to 0, based on (48). 

92) Tethyshadros insularis (character 178). Changed from 0 to 1, based on (48). 

93) Tethyshadros insularis (character 184). Changed from 1 to 0, based on (48). 

94) Tethyshadros insularis (character 186). Changed from 1 to 0, based on (48). 

95) Tethyshadros insularis (character 189). Changed from ? to 0, based on (48). 

96) Tethyshadros insularis (character 198). Changed from 0 to ?, based on (48). 

97) Tethyshadros insularis (character 203). Changed from 0 to 1, based on (48). 

98) Tethyshadros insularis (character 206). Changed from 0 to ?, based on (48). 



 

 

 

99) Tethyshadros insularis (character 209). Changed from 0 to ?, based on (48). 

100) Tethyshadros insularis (character 210). Changed from 1 to ?, based on (48). 

101) Tethyshadros insularis (character 211). Changed from 1 to ?, based on (48). 

102) Tethyshadros insularis (character 212). Changed from 1 to ?, based on (48). 

103) Tethyshadros insularis (character 214). Changed from ? to 1, based on (48). 

104) Tethyshadros insularis (character 220). Changed from ? to 0, based on (48). 

105) Tethyshadros insularis (character 221). Changed from ? to 0, based on (48). 

106) Tethyshadros insularis (character 229). Changed from 0 to ?, based on (48). 

107) Tethyshadros insularis (character 230). Changed from 1 to 0, based on (48). 

108) Tethyshadros insularis (character 233). Changed from 1 to ?, based on (48). 

109) Tethyshadros insularis (character 235). Changed from ? to 0, based on (48). 

110) Tethyshadros insularis (character 238). Changed from 1 to 0, based on (48). 

111) Tethyshadros insularis (character 239). Changed from 1 to 0, based on (48). 

112) Tethyshadros insularis (character 244). Changed from 1 to 0, based on (48). 

113) Tethyshadros insularis (character 246). Changed from 1 to 0&1, based on (48). 

114) Tethyshadros insularis (character 247). Changed from 1 to 0, based on (48). 

115) Tethyshadros insularis (character 252). Changed from 1 to ?, based on (48). 

116) Tethyshadros insularis (character 253). Changed from 0 to ?, based on (48). 

117) Tethyshadros insularis (character 254). Changed from 0 to ?, based on (48). 

118) Tethyshadros insularis (character 255). Changed from 0 to ?, based on (48). 

119) Tethyshadros insularis (character 264). Changed from ? to 0, based on (48). 

120) Tethyshadros insularis (character 265). Changed from 0 to ?, based on (48). 

121) Tethyshadros insularis (character 266). Changed from 0 to ?, based on (48). 

122) Tethyshadros insularis (character 269). Changed from 0 to ?, based on (48). 

123) Tethyshadros insularis (character 270). Changed from 0 to ?, based on (48). 

124) Tethyshadros insularis (character 272). Changed from 0 to ?, based on (48). 

125) Tethyshadros insularis (character 273). Changed from ? to 0, based on (48). 



 

 

 

126) Tethyshadros insularis (character 287). Changed from 1 to 0, based on (48). 

127) Tethyshadros insularis (character 289). Changed from 2 to ?, based on (48). 

128) Tethyshadros insularis (character 290). Changed from 1 to ?, based on (48). 

129) Tethyshadros insularis (character 292). Changed from 1 to ?, based on (48). 

130) Tethyshadros insularis (character 293). Changed from 3 to 2, based on (48). 

131) Tethyshadros insularis (character 300). Changed from 1 to 0, based on (48). 

132) Tethyshadros insularis (character 301). Changed from 0 to 1, based on (48). 

133) Tethyshadros insularis (character 303). Changed from 2 to ?, based on (48). 

134) Tethyshadros insularis (character 310). Changed from 1 to 0, based on (48). 

135) Tethyshadros insularis (character 311). Changed from 0 to ?, based on (48). 

136) Tethyshadros insularis (character 314). Changed from 1 to ?, based on (48). 

137) Tethyshadros insularis (character 315). Changed from 1 to ?, based on (48). 

138) Tethyshadros insularis (character 317). Changed from 0 to ?, based on (48). 

139) Tethyshadros insularis (character 318). Changed from ? to 0, based on (48). 

140) Tethyshadros insularis (character 320). Changed from 1 to ?, based on (48). 

141) Tethyshadros insularis (character 321). Changed from 1 to ?, based on (48). 

142) Tethyshadros insularis (character 322). Changed from 1 to 0, based on (48). 

143) Tethyshadros insularis (character 323). Changed from ? to 0, based on (48). 

144) Tethyshadros insularis (character 325). Changed from ? to 0, based on (48). 

145) Tethyshadros insularis (character 331). Changed from 1 to ?, based on (48). 

146) Tethyshadros insularis (character 332). Changed from 1 to 0, based on (48). 

147) Tethyshadros insularis (character 336). Changed from ? to 0, based on (48). 

148) Tethyshadros insularis (character 339). Changed from 1 to ?, based on (48). 

149) Tethyshadros insularis (character 340). Changed from 1 to 0, based on (48). 

150) Tethyshadros insularis (character 341). Changed from 0 to 1, based on (48). 

151) Tethyshadros insularis (character 343). Changed from 1 to 0, based on (48). 

152) Tethyshadros insularis (character 344). Changed from ? to 0, based on (48). 



 

 

 

153) Tethyshadros insularis (character 346). Changed from 0 to ?, based on (48). 

154) Tethyshadros insularis (character 351). Changed from ? to 0, based on (48). 

155) Tethyshadros insularis (character 353). Changed from ? to 0, based on (48). 

156) Tethyshadros insularis (character 354). Changed from ? to 0, based on (48). 

 

List of characters added to the data set of Rozadilla et al. (4) 

 

1) Character 361 – Maxilla, ectopterygoid ridge: continuous with jugal tubercle [0] or 

discontinuous [1]. Added from (5), Character 244. 

2) Character 362 – Maxilla, ectopterygoid ridge: ridge extends to ventral jugal tubercle [0]; main 

part of shelf lies distinctly below it [1].  Added from (5), Character 245. 

3) Character 363 – Maxilla, neurovascular foramina: a single very large foramen below the jugal, 

with a second, smaller foramen below it: absent [0]; present [1]. Added from (5), Character 247. 

4) Character 364 – Maxilla, posterior dentigerous process: dentigerous margin straight [0]; 

posterior downturn [1] strong posterior downturn, i.e., "boomerang" shape [2].  Added from (5), 

Character 340. 

5) Character 365 – Humerus, shape of the deltopectoral crest apex: well-rounded [0]; extending 

abruptly to produce a prominent angular profile [1]. Added from (113), Character 37; following 

(29), Character 221. 

 

Reconstruction of biogeographic history 

 

The results of the BioGeoBEARS analysis are summarized in Table S4 and Fig. S11. The 

best-fit model in BioGeoBEARS was the DIVALIKE + j model (AICc: 200.80), which supports a 

Laramidian origin for the last ancestor shared by Gonkoken with Hadrosauridae, and for the last 

ancestor shared with Eotrachodon, at the previous node (Fig. S11). The + j versions of all models 

(DEC, BAYERALIKE, and DIVALIKE) showed a better fit to the data and supported a 

Laramidian origin for the last ancestor shared by Gonkoken with Hadrosauridae, and for the last 

ancestor shared with Eotrachodon. The + j models support a strong role of founder effects (114), 

which is consistent with discrete events of dispersal across important barriers as proposed for 

Hadrosauroidea.  

 

In s-DIVA, the last ancestor shared by Gonkoken and Hadrosauridae is recovered as having 

inhabited either Laramidia + Appalachia + South America, or Appalachia + South America, with 

equal probability. In turn, the previous last ancestor shared by Gonkoken and Eotrachodon 

inhabited Appalachia rather than Laramidia, as inferred by BioGeoBEARS (Fig. S12). Despite 

these differences, the results of s-DIVA are generally consistent with those of BioGeoBEARS in 

that they support the arrival of the ancestors of Gonkoken from North America. Possible reasons 

for the differences between the results of s-DIVA and BioGeoBEARS are that only 

BioGeoBEARS considers the geological age of taxa in time-calibrated trees, and that 



 

 

 

BioGeoBEARS includes a dispersal matrix that considers different dispersal probabilities between 

land masses. 

 

 

Conceptual experiments with a hypothetical African taxon 

 

When the Hypothetical African taxon was placed between Eotrachodon and Gonkoken, the 

best model (DIVALIKE + j; AICc: 218.83, see Table S5) supported Laramidia + South America 

as the ancestral area for the last ancestor that Gonkoken shared with Hadrosauridae, and Laramidia 

as the most likely area for the last ancestor shared with Eotrachodon (Fig. S13).  

When a Hypothetical African taxon was added to our BioGeoBEARS analysis as sister 

taxon to Gonkoken, the best fitting model (BAYAREALIKE + j; AICc: 210.89, see Table S6) did 

not show significant changes and continued to support Laramidia as the ancestral area for both the 

last ancestor that Gonkoken shared with Hadrosauridae, and the last ancestor shared with 

Eotrachodon (Fig. S15).   

When a hypothetical African taxon was added to our s-DIVA analysis between 

Eotrachodon and Gonkoken, this led to no changes in the areas supported for the last common 

ancestor shared by Gonkoken and Hadrosauridae, or the previous ancestor last shared by Gonkoken 

and Eotrachodon (Fig. S14). When the hypothetical African taxon was placed as sister of 

Gonkoken, Africa was included among poorly resolved areas for the last ancestor shared by 

Gonkoken with Hadrosauridae, but Europe and Asia remained absent and were also absent in the 

immediately previous ancestor shared with Eotrachodon, which is still retrieved as North 

American (Fig. S16). Overall, the results of both s-DIVA and BioGeoBEARS continued to support 

the arrival of Gonkoken's ancestors from North America in all conceptual experiments. 

 



 

 

 

 
 

Fig. S1. Selection of some additional bone elements in the process of preparation. (A) left 

humerus of a subadult individual (LK-7) in an anteromedial view. (B) left scapula (LK-16) in 

lateral view. (C) left scapula in lateral view and indeterminate elements (LK-3). (D) right rib and 

dorsal vertebra (LK-10). (E) sacrum in lateral view (LK-4). (F) right pubis in medial view (LK-

6). (G) left ilium associated with articulated premaxillaries (LK-43). (H) right femur in lateral 

view associated with a possible tibia (LK-5).  

 

 

 

 

 

 



 

 

 

 
 

Fig. S2. Selected cranial bones of Gonkoken nanoi. CPAP 5337, right premaxilla in anterior 

view (A). CPAP 5340, right maxilla in medial (B) and ventral (C) views. CPAP 5339, incomplete 

left maxilla in lateral (D) and medial (E) views. CPAP 5338, incomplete left maxilla of a juvenile 

individual in lateral (F) and medial (G) views. CPAP 5341, incomplete left postorbital in medial 

view (H). CPAP 5370, left dentary in lateral (I) and ventral (J) views. CPAP 5342, incomplete 

right dentary in lateral (K) and ventral (L) views. CPAP 5368, fragment of right dentary in medial 

(M) and dorsal (N) views. CPAP 5343, right quadrate in anterior (O), medial (P), proximal (Q) 

and distal (R) views. Abbreviations: af: alveolar foramina; as: alveolar sulcus; asj: articular surface 

for the jugal; cdp: caudodorsal process; cvp: caudoventral process; cnf: circumnarial fossa; cp: 

coronoid process; de: denticles; dp: dorsal process; dt: dorsal tubercle; eps: ectopterygoid shelf; 

epr: ectopterygoid ridge; fo: foramina; jp: jugal process; jw: jugal wing; lc: lateral condyle; ms: 

meckelian sulcus; mf: maxillary foramen; mc: medial condyle; om: orbital margin; par: palatine 

ridge; pw: pterygoid wing; qjn: quadratojugal notch; su: sulcus; sy: symphysis; to: tooth. Scale 

bars: A, H, O-R (50 mm); B-G, I-N (100 mm). 



 

 

 

 

 

Fig. S3. Selected axial elements of Gonkoken nanoi. CPAP 5380, mid cervical centrum in 

anterior (A) and lateral (B) views. CPAP 5344, mid cervical vertebra in dorsal (C) and posterior 

(D) views. CPAP 5345, dorsal centrum in anterior (E) and posterior (F) views. CPAP 5346, dorsal 

vertebra in posterior (G) and lateral (H) views. CPAP 5396, dorsal neural arch in anterior (I) and 

lateral (J) views. CPAP 5397, proximal caudal centrum in anterior (K) and lateral (L) views. 

CPAP 5398, proximal caudal vertebra in anterior (M) and lateral (N) views. CPAP 5399, proximal 

caudal centrum in anterior (O) and lateral (P) views. CPAP 5347 (Q-R), CPAP 5348 (S-T), 

CPAP 5349 (U-V), CPAP 5350 (W-X) and CPAP 5351 (Y-Z), mid-caudal vertebrae in lateral 

(Q, S, U, W, Y) and anterior (P, S, U, W, Y) views. CPAP 5401, right rib in anterior view (A’). 

CPAP 5402, proximal portion of left rib in anterior view (B’). CPAP 5403, incomplete left rib in 

anterior view (C’). Abbreviations: ca: capitulum; na: neural arch; nc: neural canal; ns: neural spine; 

prz: prezygapophysis; poz: postzygapophysis; tp: transverse process; tu: tuberculum; vc: vertebral 

centrum. Scale bars: (50 mm). 

 

 

 

 

 

 



 

 

 

 

 

Fig. S4. Selected appendicular elements of Gonkoken nanoi. CPAP 5352, incomplete left 

sternum in dorsal view (A). CPAP 5371, right scapula in anterior (B) and dorsal (C) views. CPAP 

3054, right ilium in medial view (D). CPAP 5356, postacetabular process with part of the iliac 

blade of a left ilium in dorsal view (E). CPAP 5357, proximal portion of right ischium in lateral 

view (F). CPAP 5353, complete left humerus in ventral (G), anteromedial (H), proximal (I), and 

distal (J) views. CPAP 5354, incomplete left humerus of an immature individual in ventral (K), 

anteromedial (L), and proximal (M) views. CPAP 5369, incomplete left humerus in ventral (N), 

anteromedial (O), and distal (P) views. CPAP 5379, proximal portion of right radius in proximal 

(Q) and anterior (R) views. CPAP 5355, proximal half of a left ulna in anterior (S), and 

posteromedial (T) views. CPAP 5392, incomplete right ulna in anterior (U), and posteromedial 

(V) views. CPAP 5358, left femur in medial (W), posterior (X), and lateral (Y) views. CPAP 

5359, incomplete right femur in anterior (Z), medial (A’), and posterior (B’) views. CPAP 5360, 

distal end of the right femur in anterior (C’), lateral (D’), and posterior (E’) views. CPAP 5361, 

distal portion of the right femur of a juvenile individual in anterior (F’), lateral (G’), and posterior 

(H’) views. CPAP 5363, proximal portion of left fibula in anterior (I’), medial (J’), and proximal 

(K’) views. CPAP 5362, complete left tibia in anterior (L’), and posterior (M’) views. CPAP 

5372, incomplete left tibia in lateral (N’), and medial (O’) views. CPAP 5364, right metatarsal III 



 

 

 

in medial (P’), proximal (Q’), and distal (R’) views. Abbreviations: am: acetabular margin; asfr: 

articular surface for radius; asft: articular surface for the tibia; ap: anterior process; asm-II: articular 

surface for the metatarsal II; bs: bicipital sulcus; cf: coracoid facet; cc: cnemial crest; cw: cranial 

wing; dtip: dorsal tubercle of the ischial peduncle; dc: deltopectoral crest; em: external malleolus; 

fh: femoral head; ft: fourth trochanter; gl: glenoid; gt: great trochanter; ha: handle; hh: humeral 

head; ip: iliac peduncle; ieg: intercondylar extensor groove; ifg: intercondylar flexor groove; im: 

internal malleolus; is: intercondylar sulcus; it: inner tubercle; lp: lateral process; ldc: lateral distal 

condyle; lt: lesser trochanter; lc: lateral condyle; mp: medial process; mdc: medial distal condyle; 

mc: medial condyle; op: obturator process; olp: olecranon process; ot: outer tubercle; pap: 

pseudoacromion process; pas: proximal articular surface; pop: posterior process; ppe: pubic 

peduncle; pp: pubic process; prap: preacetabular process; prp: proximal paddle; poap: 

postacetabular process; rc: radial condyle; sap: supraacetabular process; sc: sacral crest; uc: ulnar 

condyle; vtip: ventral tubercle of the ischial peduncle. Scale bars: A, F, Q-V (50 mm); B-E, G-P, 

W, X, Y, Z, A’-Q’ (100 mm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. S5. Comparison of the scapula of Gonkoken nanoi to that of other South American 

hadrosauroids. (A) Gonkoken nanoi gen. and sp. nov., CPAP 5371, right scapula in lateral and 

anterior views. (B) Huallasaurus australis, MACN RN-142, left scapula (reversed) in lateral and 

anterior views (based on photographs taken by P. Cruzado-Caballero and S. Soto-Acuña). (C) 

Lapampasaurus cholinoi, MPHN-Pv-01, anterior portion of left scapula (reversed) in lateral and 

anterior views (based on photographs in 8). (D) Kelumapusaura machi, MPCN-PV-810, right 

scapula in lateral and anterior view (based on photographs in 4). (E) Secernosaurus koerneri, 

FMNH P13423, right scapula in lateral and anterior views (based on photographs taken by W. 

Simpson). (F) ‘Willinakaqe salitrarensis’, MPCA-Pv SM 2, left scapula (reversed) in lateral and 

anterior views (based on photographs taken by P. Cruzado-Caballero). Scale bars=100 mm. 

Abbreviations: cf: coracoid facet; de: distal expansion; df: deltoid fossa; dr: deltoid ridge; gl: 

glenoid; pap: pseudoacromion process; vpgl: ventral process of the glenoid.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. S6. Ilia of South American duck-billed dinosaurs. Gonkoken nanoi gen. and sp. nov. CPAP 

3054 (holotype), right ilium in lateral (A), medial (B) and dorsal views (C). ‘Willinikaqe 

salitralensis’, MPCA-Pv SM39, right ilium in lateral (D), medial (E) and dorsal (F) views (based 

on photographs taken by P. Cruzado-Caballero). Secernosaurus koerneri, FMNH P13423, right 

ilium in lateral (G), medial (H) and dorsal (I) views (based on photographs in 110). Huallasaurus 

australis, MACN-RN-02, left ilium (reversed) in lateral (J), medial (K) and dorsal (L) views 

(based on photographs taken by P. Cruzado-Caballero). Bonapartesaurus rionegrensis, MPCA-

Pv SM2/49, right ilium in lateral (M), medial (N) and dorsal (O) views (based on photographs 

taken by P. Cruzado-Caballero). Kelumapusaura machi, MPCN-PV-811, left ilium (reversed) in 

lateral (P), medial (Q) and dorsal (R) views (based on photographs in 4). Scale bars=100 mm. 

Abbreviations: dtip: dorsal tubercle of the ischial peduncle; sap: supraacetabular process; sc: sacral 

crest; pp: pubic process; prap: preacetabular process; poap: postacetabular process; vtip: ventral 

tubercle of the ischial peduncle.  

 

 

 



 

 

 

 

 

Fig. S7. Phylogenetic analyses. Strict consensus tree (parsimony analysis) of 4 MPTs of 1335 

steps (CI: 0.390; RI: 0.816). Values above nodes are Bremer support. Values beneath nodes are 

bootstrap proportions (5000 pseudoreplicates). South American hadrosauroids are in red. AK: 

Austrokritosauria. 

 

 

 



 

 

 

 

 

Fig. S8.  50% Majority Tree obtained by unconstrained undated Bayesian analysis. Numbers 

above nodes correspond to the posterior probabilities. South American hadrosauroids are in red. 

AK: Austrokritosauria. 

 

 

 

 

 

 



 

 

 

 
 

Fig. S9. 50% Majority rule tree obtained from the unconstrained tip-dated Bayesian 

analysis. Unlike other analyses, the clade Hadrosaurinae (Saurlophinae + Hadrosaurus) was 

recovered. Numbers above nodes correspond to the posterior probabilities. South American 

hadrosauroids are in red. AK: Austrokritosauria. 



 

 

 

 

Fig. S10. Chronostratigraphic uncertainty ranges superimposed on a time-calibrated tree 

obtained by parsimony analysis (see Methods for selection and time calibration of this tree). 

South American hadrosauroids are in red. 

 

 

 



 

 

 

 

 

Fig. S11. Results of Biogeographical analyses. Time-calibrated tree with the results of the 

BioGeoBEARS analysis (DIVALIKE + j model). 

 

 

 



 

 

 

 
 

Fig. S12. Results of Biogeographical Analyses with s-DIVA. Node 130: Hadrosauridae; Node 

133: Gonkoken + Huehuecanauthlus + Lophorhothon + Hadrosauridae. 



 

 

 

 

Fig. S13. Conceptual experiments with BioGeoBEARS with a “Hypothetical African taxon” 

between Eotrachodon and Gonkoken. Time-calibrated tree with the results of the BioGeoBEARS 

analysis (DIVALIKE + j model).  



 

 

 

 
 

Fig. S14.  Conceptual experiment with s-DIVA with the “Hypothetical African taxon” 

between Eotrachodon and Gonkoken. Node 131: Hadrosauridae; Node 134: Gonkoken + 

Huehuecanauthlus + Lophorhothon + Hadrosauridae. 



 

 

 

 

 

Fig. S15. Conceptual experiments with BioGeoBEARS with a “Hypothetical African taxon” 

as sister taxon of Gonkoken. Time-calibrated tree with the results of the BioGeoBEARS analysis 

(BAYAREALIKE + j model). 

 

 



 

 

 

 

 

 

Fig. S16. Results of the s-DIVA with a “Hypothetical African taxon” as sister taxon of 

Gonkoken. Node 132: Hadrosauridae; Node 135: Gonkoken + Hypothetical African taxon + 

Huehuecanauthlus + Lophorhothon + Hadrosauridae. 

 

 

 

 



 

 

 

Table S1. Representation of bones of Gonkoken nanoi. Distribution of skeletal regions and 

series.  

 

Representation by skeletal region 

Region Element representation 

Skull 9 20.00% 

Vertebrae 13 28.89% 

Pectoral girdle 2 4.44% 

Ribs 4 8.89% 

Forelimb 6 13.33% 

Pelvic girdle 3 6.67% 

Hindlimb 8 17.78% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table S2. Voorhies groups. Relative frequency of elements according to Voorhies groups (based 

on 141). *Skull elements may be over-represented because of the disarticulated skull, nevertheless 

it does not change the group III predominance, even if a single skull element is considered). 

 

Voorhies groups 

 

 

                I 

Caudal vertebrae 8  

 

 

  26.67% 
Cervical vertebrae 2 

Ischium 1 

Metatarsal 1 

 

 

 

               II 

Ulna 2  

 

 

   26.67% 
Radius 1 

Fibula 1 

Dorsal vertebrae 3 

Sternum 1 

Ribs 4 

 

 

 

 

 

               

              III 

Skull elements* 6  

 

 

 

 

    46.67% 

Dentaries 3 

Humerus 3 

Femur 4 

Tibia 2 

Scapula 1 

Ilium 2 



 

 

 

Table S3. Summary of the results of phylogenetic analyses forcing Gonkoken into different 

positions. Number of trees, number of steps and differences in steps are indicated, in addition to 

Templeton Tests results to assess their significance. 

 

 Original  

position 

As the most basal 

hadrosauroid 

As  

Austrokritosauria  

N° Trees 4 24 914 

N° Steps 1335 1381 1350 

Difference in number 

of steps 

0 46 15 

Templeton Tests N/A significant not significant 

p-value N/A <0.01 >0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table S4. Models and parameters for each of the analyses with BioGeoBEARS. Values of 

log-Likelihood (lnL), Dispersal (d), Extinction (e), Founder effect (j), Corrected Akaike 

Information Criterion (AICc), and AICc Weight (AICc wt) scores from each model implemented. 

The best model (DIVALIKE + j) was selected based on the lowest AICc value (and higher AICc 

+ wt). 

 

Model lnL d e j AICc AICc + wt 

DEC -135.85 2.05 x 10-2 1.15 x 10-2 0.00 275.86 4.14 x 10-17 

DEC + j -99.38 1.53 x 10-3 1.61 x 10-3 0.14 205.08 9.72 x 10-2 

DIVALIKE -138.24 2.92 x 10-2 1.45 x 10-2 0.00 280.64 3.79 x 10-18 

DIVALIKE + j -97.23 1.42 x 10-3 1.48 x 10-3 0.17 200.80 8.27 x 10-1 

BAYAREALIKE -168.43 2.43 x 10-2 7.11 x 10-2 0.00 341.02 2.93 x 10-31 

BAYAREALIKE + j -99.62 1.08 x 10-3 1.55 x 10-3 0.17 205.58 7.57 x 10-2 

 

 

 

Table S5. Experiment 1, “Hypothetical African taxon” between Eotrachodon and Gonkoken. 

Values of log-Likelihood (lnL), Dispersal (d), Extinction (e), Founder effect (j), Corrected Akaike 

Information Criterion (AICc), and AICc Weight (AICc wt) scores from each model implemented. 

The best model (DIVALIKE + j) was selected based on the lowest AICc value (and higher AICc 

+ wt). 

 

Model lnL d e j AICc AICc + wt 

DEC -141.13 2.20 x 10-2 1.43 x 10-2 0.00 286.42 1.93 x 10-15 

DEC + j -109.27 2.68 x 10-3 3.45 x 10-3 0.13 224.87 4.48 x 10-2 

DIVALIKE -144.94 3.14 x 10-2 2.07 x 10-2 0.00 294.04 4.27 x 10-17 

DIVALIKE + j -106.26 2.44 x 10-3 2.55 x 10-3 0.15 218.83 9.16 x 10-1 

BAYAREALIKE -168.50 2.65 x 10-2 7.25 x 10-2 0.00 341.15 2.52 x 10-27 

BAYAREALIKE + j -109.41 2.17 x 10-3 3.13 x 10-3 0.18 225.15 3.90 x 10-2 

 

 

 

 

 



 

 

 

Table S6. Experiment 2, “Hypothetical African taxon” as sister taxon of Gonkoken. Values 

of log-Likelihood (lnL), Dispersal (d), Extinction (e), Founder effect (j), Corrected Akaike 

Information Criterion (AICc), and AICc Weight (AICc wt) scores from each model implemented. 

The best model (BAYAREALIKE + j) was selected based on the lowest AICc value (and higher 

AICc + wt). 

 

Model lnL d e j AICc AICc + wt 

DEC -139.57 2.18 x 10-2 1.33 x 10-2 0.00 283.30 1.12 x 10-16 

DEC + j -102.75 1.11 x 10-3 1.76 x 10-3 0.13 211.83 3.71 x 10-1 

DIVALIKE -143.90 3.10 x 10-2 1.85 x 10-2 0.00 291.96 1.48 x 10-18 

DIVALIKE + j -105.09 2.62 x 10-3 1.61 x 10-3 0.08 216.50 3.58 x 10-2 

BAYAREALIKE -168.48 2.65 x 10-2 7.26 x 10-2 0.00 341.11 3.13 x 10-29 

BAYAREALIKE + j -102.28 1.07 x 10-3 1.55 x 10-3 0.18 210.89 5.93 x 10-1 

 

 

 

Table S7. FADs (First Appearance Data) and LADs (Last Appearance Data). The references 

used to obtain this information can be found as an auxiliary supplementary file. 

 

Taxon FAD LAD 

Ouranosaurus nigeriensis 129.4 100.5 

Iguanodon bernissartensis 125.4 117.2 

Mantellisaurus atherfieldensis 121.4 117.2 

Jinzhousaurus yangi 127.4 122.0 

Equijubus normani 113.0 110.5 

Sirindhorna khoratensis 121.4 113.0 

Xuwulong yueluni 121.4 100.5 

Probactrosaurus gobiensis 129.4 100.5 

Zuoyunlong huangi 100.5 93.9 

Yunganglong dathongensis 100.5 93.9 

Eolambia caroljonesa 98.46 98.32 



 

 

 

Protohadros byrdi 100.5 93.9 

Jintasaurus meniscus 113.0 100.5 

Levnesovia transoxiana 91.85 89.5 

Tanius sinensis 77.85 69.05 

Bactrosaurus johnsoni 77.85 71.9 

Gilmoreosaurus mongoliensis 77.85 71.9 

Claosaurus agilis 88.05 85.8 

Nanningosaurus dashiensis 100.5 66.0 

Adynomosaurus arcanus 71.449 69.269 

Telmatosaurus transsylvanicus 72.3 69.05 

Tethyshadros insularis 81.5 80.5 

Eotrachodon orientalis 84.95 83.4 

Zhangenglong yangchengensis 86.8 83.4 

Plesiohadros djadokhtaensis 77.85 71.9 

Lophorhothon atopus 83.8 75.85 

Hadrosaurus foulkii 80.5 78.5 

Yamatosaurus izanagii 71.94 71.69 

Acristavus gagslarsoni 80.6 79.8 

Wulagasaurus dongi 72.3 68.0 

Maiasaura peeblesorum 76.4 77.2 

Brachylophosaurus canadensis 77.85 71.9 

Probrachylophosaurus bergei 83.8 77.85 

Kritosaurus navajovius 73.49 73.83 

Huallasaurus australis 77.85 69.05 

Gryposaurus latidens 81.08 80.6 

Rhinorex condrupus 75.88 75.15 



 

 

 

Gryposaurus monumentensis 77.85 71.9 

Gryposaurus notabilis 76.5 74.5 

Prosaurolophus maximus 77.03 75.46 

Saurolophus angustirostris 77.85 69.05 

Saurolophus osborni 72.3 69.05 

Shantungosaurus giganteus 77.85 71.9 

Edmontosaurus annectens 67.5 66.0 

Edmontosaurus regalis 74.9 71.9 

Kamuysaurus japonicus 72.3 69.05 

Kerberosaurus manakini 69.05 66.0 

Laiyangosaurus youngi 73.5 72.9 

Aralosaurus tuberiferus 84.95 77.85 

Canardia garonnensis 69.05 66.0 

Nipponosaurus sachalinensis 84.95 77.85 

Blasisaurus canudoi 69.05 66.0 

Pararhabdodon isonensis 66.2 66.0 

Tsintaosaurus spinorhinus 83.8 77.85 

Jaxartosaurus aralensis 86.8 83.4 

Parasaurolophus cyrtocristatus 76.439 74.893 

Parasaurolophus walkeri 77.03 76.39 

Charonosaurus jiayinensis 69.05 66.0 

Parasaurolophus tubicen 77.83 73.49 

Arenysaurus ardevoli 69.05 66.0 

Olorotitan ararhensis 69.05 66.0 

Amurosaurus riabinini 69.05 66.0 

Sahaliyania elunchunorum 69.05 66.0 



 

 

 

Lambeosaurus lambei 76.39 76.1 

Lambeosaurus magnicristatus 77.8 72.1 

Magnapaulia laticaudus 75.21 74.55 

Velafrons coahuilensis 72.5 71.4 

Corythosaurus casuarius 77.03 76.39 

Corythosaurus intermedius 77.03 75.46 

Hypacrosaurus altispinus 70.9 69.97 

Hypacrosaurus stebingeri 79.7 72.1 

Kelumapusaura machi 72.3 66.0 

Bonapartesaurus rionegrensis 77.85 69.05 

Secernosaurus koerneri 69.05 66.0 

Gobihadros mongoliensis 100.5 83.4 

Huehuecanauhtlus tiquichensis 86.8 83.4 

Gonkoken nanoi 72.9 66.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table S8. Measurements of bones of Gonkoken nanoi. *Measurement based on preserved 

elements. 

 

Specimen Measured structure Measurement (mm) 

Premaxilla (CPAP 5337) Maximum anteroposterior length of the 

pre-circummnarial area 

98.2 

 Maximum width 86.1 

Maxilla (CPAP 5338) Anteroposterior length 136.2* 

 Maximum dorsoventral height  54.8 

Maxilla (CPAP 5339) Anteroposterior length 99.1* 

Maxilla (CPAP 5340) Anteroposterior length 162.1* 

Postorbital (CPAP 

5341) 

Dorsoventral height 86.1 

 Anteroposterior width of the base of the 

jugal process 
56.3 

Dentary (CPAP 5342) Anteroposterior length of the alveolar 

surface 
148.8* 

 Anteroposterior width of the alveolar 

sulcus 
~3.5 

 Anteroposterior width of the coronoid 

process 
36.6 

Dentary (CPAP 5368) Anteroposterior width of the alveolar 

sulcus 
~5.4 

Dentary (CPAP 5370) Length of the proximal edentulous margin 34.5 

 Anteroposterior length of the alveolar 

surface 
149.3 

 Length of the symphyseal process 68.2 

 Anteroposterior width of the alveolar 

sulcus 

~4.6 

 Anteroposterior width of the coronoid 

process 
33.1 



 

 

 

Quadrate (CPAP 5343) Dorsoventral height 168.9 

 Mediolateral width of the distal end 50.5 

Cervical centrum (CPAP 

5380) 

Anteroposterior length 43.0 

 Mediolateral width 58.0 

Cervical vertebra (CPAP 

5344) 

Anteroposterior length of the centrum 53.4 

 Mediolateral width of the anterior face 53.8 

 Mediolateral width of the posterior face 57.0 

 Anteroposterior length of the 

postzygapophysis (r/l) 
31.7*/35.5* 

Dorsal centrum (CPAP 

5345) 

Anteroposterior length of the centrum 53.9 

 Dorsoventral length of the centrum 39.5 

Dorsal vertebra (CPAP 

5346) 

Anteroposterior length of the centrum 50.0 

Dorsal arch (CPAP 

5396) 

Height preserved 72.4 

 Dorsoventral height of the centrum 54.1 

Proximal caudal 

centrum (CPAP 5397) 

Anteroposterior length of the centrum 26.0 

 Dorsoventral height of the centrum 58.0 

Proximal caudal 

vertebra (CPAP 5398) 

Anteroposterior length of the centrum 37.4 

 Dorsoventral height of the centrum 56.3 

Proximal caudal 

vertebra (CPAP 5399) 

Dorsoventral height of the centrum 45.6 

 Anteroposterior length of the centrum 40.1 

Mid caudal vertebra 

(CPAP 5347) 

Anteroposterior length of the centrum 43.3 



 

 

 

 Dorsoventral height of the centrum 40.5 

Mid caudal vertebra 

(CPAP 5348) 

Anteroposterior length of the centrum 41.0 

 Dorsoventral height of the centrum 43.7 

Mid caudal vertebra 

(CPAP 5349) 

Anteroposterior length of the centrum 39.3 

 Dorsoventral height of the centrum 37.6 

Mid caudal vertebra 

(CPAP 5350) 

Anteroposterior length of the centrum 42.7 

 Dorsoventral height of the centrum 44.7 

Mid caudal vertebra 

(CPAP 5351) 

Dorsoventral height of the centrum 43.9 

 Anteroposterior length of the centrum 37.5 

Sternum (CPAP 5352) Preserved length 137.3 

Scapula (CPAP 5371) Total length 357.1 

 Maximum dorsoventral height of the 

proximal end 
104.3 

 Dorsoventral height of the scapular blade 

in the midpoint 
70.7 

 Dorsoventral height of the distal end 89.7 

Humerus (CPAP 5353) Total length 306.8 

 Length of the deltopectoral crest 134.4 

 Dorsoventral width of the distal end 88.8 

Humerus (CPAP 5354) Total length 259.4* 

 Length of the deltopectoral crest 129.1 

Humerus (CPAP 5369) Dorsoventral width of the distal end 78.7 

Ulna (CPAP 5355) Length 152.3* 

Ulna (CPAP 5392) Length 194.2* 



 

 

 

Radius (CPAP 5379) Mediolateral width of the proximal end 47.0  

Ilium (CPAP 3054) Length of the preacetabular process 134.2* 

 Height of the base of the preacetabular 

process 
5.7 

 Anteroposterior length of the iliac blade 150.3 

 Height of the iliac blade between the dorsal 

surface and the pubic process 
96.4 

 Anteroposterior length of the 

supraacetabular process 
124.1 

Incomplete ilium (CPAP 

5356) 

Anteroposterior length of the 

supraacetabular process 
96.3 

 anteroposterior length of the postacetabular 

process 
97.8 

Ischium (CPAP 5357) Height of the iliac peduncle 67.1 

 Height of the pubic peduncle 45.1 

Femur (CPAP 5358) Total length 485.1 

 Mediolateral width of the distal end 70.5 

Femur (CPAP 5359) Total length 475.2 

 Mediolateral width of the distal end 70.6 

Femur (CPAP 5360) Mediolateral width of the distal end 84.8 

Femur (CPAP 5361) Mediolateral width of the distal end 74.3 

Tibia (CPAP 5362) Total length 437 

 Length of the cnemial crest 164.9 

Tibia (CPAP 5372) Total length 447.1* 

Fibula (CPAP 5363) Anteroposterior length of the proximal end 53.4* 

Metatarsal III (CPAP 

5364) 

Length 169.2 

 Mediolateral width of the shaft 41.4 

 



 

 

 

Table S9. List of Gonkoken nanoi materials (CPAP) from the Río de las Chinas Valley. Some 

materials in preparation are included, which are represented in Fig. S1. 

 

Specimen Code Observations 

Incomplete right maxilla  CPAP 5340 this paper 

Incomplete left maxilla of a 

juvenile individual 

CPAP 5338 this paper 

Incomplete left maxilla   CPAP 5339 this paper 

Incomplete left postorbital CPAP 5341 this paper 

Incomplete right premaxilla CPAP 5337 this paper 

Left and right associated 

premaxillaries 

LK-43 in preparation (see Fig. S1) 

Incomplete right dentary  CPAP 5342 this paper 

Fragmentary right dentary CPAP 5368 this paper 

Left dentary  CPAP 5370 this paper 

Right quadrate  CPAP 5343 this paper 

Cervical vertebra CPAP 5344 this paper 

Cervical centrum CPAP 5380 this paper 

Dorsal centrum CPAP 5345 this paper 

Dorsal vertebra CPAP 5346 this paper 

Dorsal neural arch CPAP 5396 this paper 

Mid caudal vertebra  CPAP 5347 this paper 

Proximal caudal vertebra  CPAP 5397 this paper 

Incomplete proximal caudal 

vertebra  

CPAP 5398 this paper 

Proximal caudal vertebra  CPAP 5399 this paper 

Mid caudal vertebra  CPAP 5348 this paper 

Mid caudal vertebra  CPAP 5349 this paper 



 

 

 

Mid caudal vertebra  CPAP 5350 this paper 

Mid caudal vertebra  CPAP 5351 this paper 

Incomplete right rib  CPAP 5400 this paper 

Incomplete right rib  CPAP 5401 this paper 

Proximal portion of left rib CPAP 5402 this paper 

Incomplete left rib  CPAP 5403 this paper 

Right Scapula CPAP 5371 this paper 

Left scapula LK-3 in preparation (see Fig. S1) 

Left scapula LK-16 in preparation (see Fig. S1) 

Incomplete left sternum CPAP 5352 this paper 

Left humerus CPAP 5353 this paper 

Incomplete left humerus  CPAP 5354 this paper 

Left humerus  CPAP 5369 this paper 

Complete left humerus of a 

subadult individual 

LK-7 in preparation (see Fig. S1) 

Incomplete right ulna  CPAP 5392 this paper 

Left ulna  CPAP 5355 this paper 

Right radius  CPAP 5379 this paper 

Incomplete sacrum LK-4 in preparation (see Fig. S1) 

Incomplete right ilium  CPAP 3054 this paper 

Left ilium fragment  CPAP 5336 this paper 

Complete left ilium LK-43 in preparation (see Fig. S1) 

Incomplete left pubis LK-6 in preparation (see Fig. S1) 

Incomplete right ischium CPAP 5357 this paper 

Left femur  CPAP 5358 this paper 

Incomplete right femur  CPAP 5359 this paper 

Distal portion of a right femur  CPAP 5360 this paper 



 

 

 

Distal fragment of a right 

femur (juvenile)  

CPAP 5361 this paper 

Right femur  LK-5 in preparation (see Fig. S1) 

Left tibia  CPAP 5362 this paper 

Incomplete left tibia  CPAP 5372 this paper 

Incomplete left fibula  CPAP 5363 this paper 

Right metatarsal III CPAP 5364 this paper 
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Data file S1 (.nex format). Character-taxon data matrix. 

Data file S2 (.OUT format). List of synapomorphies and characters supporting nodes. 

Data file S3 (.R format). Script used for BioGeoBEARS. 

Data file S4 (.txt). Dispersal matrix (hadrosauroids). 

            Data file S5 (.txt). Geographic data. 

            Data file S6 (.nex.trprobs). Posterior probabilities for trees_Undated Bayesian analysis. 

            Data file S7 (.nex.trprobs). Posterior probabilities for trees_Dated Bayesian analysis. 

            Data file S8 (.xlsx). Hadrosaur ages and references. 
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