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some chamaeleonids (e.g., Furcifer). Very reduced in Phrynosoma, but still present and 

contacting the squamosal to close the posterior border of the upper temporal fenestra. 

57. Parietal, supratemporal process, contact with paroccipital process: present (0) / absent 

(1) (Ri80, ch. 32). Remarks: This character is quite variable amongst both Acrodonta and 

Pleurodonta. Absent for instance in Amblyrhynchus cristatus while present in Iguana 

iguana.  

58. Parietal, anteromedial processes (= frontal tabs): absent (0) / present (1) (E88, ch. 22; 

Si18, ch. 78). Remarks: Estes et al. (1988) refer to these processes as ‗parietal tabs‘ that 

project anteriorly to insert into triangular fossae on the posteroventral surface of the 

frontals. This character is independent from the position of the pineal foramen, and it may 

be difficult to assess in articulated specimens, as the tabs may be hidden underneath the 

frontal. Assessing both dorsal and ventral views in articulated specimens is usually 

necessary. Present for instance in Furcifer., while absent in Chamaeleo. 

59. Parietal, mid-sagittal (= adductor) crest: absent (0) / present (1) (E&dQ88, ch. 3; 

F&E89, ch. 10; Sm09, ch. 53; G12, ch. 93; Si18, ch. 85 - modified). Remarks: Present in 

most iguanids, except Dipsosaurus and Brachylophus. The crest tend to be absent in 

young/small size specimens of Iguana and Amblyrhynchus but well-developed in large 

individuals. 

60. Parietal, mid-sagittal crest, dorsal expansion: absent (0) / present (1) (G12, ch. 93 - 

modified). Remarks: The parietal mid-sagittal crest is expanded for instance in 

Corytophanes, Basiliscus, and Furcifer. 

61. Parietal, posterior wall, nuchal fossa: absent (0) / present as single (1) / present as double 

(2) (Co08, ch. 83; G12, ch. 94; Si18, ch. 79 - modified). Remarks: When present, the 

nuchal fossa is found along the posterior wall of the parietal table, between the two 

supratemporal processes. The nuchal fossa is different from the fossa parietalis (or parietal 

fossa) that is found instead on the ventral surface of the parietal, where the processus 

ascendens of the synotic tectum makes contact (cf. Oelrich 1956; Evans 2008). The nuchal 

fossa can be fully roofed by the posteromedial process of the parietal table or exposed in 

dorsal view (cf. Conrad 2008; Gauthier et al. 2012); moreover, it can be present as a single 

mid-fossa (e.g., Amblyrhynchus, Iguana) or two separate fossae (e.g., Temujinia, Agama). 

Its development is quite late during ontogeny (similarly to the ossification of the PAST), as 
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for instance in Iguana and Amblyrhynchus there is no nuchal fossa in small and mid-size 

individuals, while in larger ones the fossa is well-developed (with a dividing septum in the 

case of Amblyrhynchus). A nuchal fossa is never present for instance in specimens of 

various sizes of both Ctenosaura and Cyclura.  

 

Cyclura (left-no nuchal fossa) and Iguana (right-with single nuchal fossa) 

 

Amblyrhynchus - single nuchal fossa divided by a septum 
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Temujinia - two nuchal fossae and meridian crest along posterior wall of parietal (next character) 

 

62. Parietal, posterior wall, nuchal fossa, septum: absent (0) / present (1) (NEW). 

Remarks: When a single nuchal fossa is present on the mid-posterior wall of the parietal, 

it can be divided by a thin mid-sagittal septum (running vertically within the fossa). This 

character is inapplicable when the fossa is absent or double (see also remarks in chh. 61 

and 63). This condition is treated separately from the presence of a double nuchal fossa 

(e.g., Agama, Temujinia), as in the latter case there are two distinct fossae along the 

posterior wall of the parietal, divided by a flat space or a notch for the passage of the 

processus ascendens of the synotic tectum (PAST). This is clearly distinct from the vertical 

septum within a single mid-fossa (e.g., Amblyrhynchus). The septum is present for instance 

in Amblyrhynchus and Brachylophus, while no septum divides the single nuchal fossa in 

Iguana.  

63. Parietal, posterior wall, median crest: absent (0) / present (1) (NEW). Remarks: A 

vertical crest can be present along the middle of the parietal posterior wall in some taxa. 

This condition is inapplicable when a single mid-nuchal fossa is present (state 1 in ch. 61) 

due to their topological overlap (presence of one condition excludes the other). However, 

the presence of a median crest along the posterior wall of the parietal appears independent 
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from the presence/absence of double nuchal fossae, as this crest can be found when the two 

nuchal fossae are either absent (e.g., Zapsosaurus) or present (e.g., Ctenomastax).  

  

Zapsosaurus - median crest along the parietal posterior wall (but no nuchal fossae) 

64. Parietal, posteromedian process: absent (0) / present (1) (G12, ch. 95; Si18, ch. 80 - 

modified). Remarks: This process projects posteriorly from the parietal table and roofs the 

parietal nuchal fossa when the latter is present. It is also referred to as postparietal 

projection in (G12, ch. 95) or parietal posterior flange (Si18, ch. 80). This is independent 

from the parietal sagittal crest, and present ventral to this structure for instance in Furcifer 

and Basiliscus.  

65. Parietal, posteromedian process, shape: single (0) / bifid (1) (G12, ch. 97; Si18, ch. 84). 

Remarks: Inapplicable when the process is absent. Single for instance in Basiliscus and 

Gekko, while bifid in Liolaemus. 

66. Parietal, ventral surface, fossa: present (0) / absent (1) (CoN06, ch. 46; Co08, ch. 78; 

Si18, ch. 81). Remarks: In Oelrich 1956, the parietal fossa (= fossa parietalis) is located 

posteriorly on the ventral surface of the parietal, where the processus ascendens of the 

synotic tectum contacts the parietal. This is what Evans (2008) calls a ventral pit for the 

processus ascendens of the supraoccipital.  

67. Parietal, ventral surface, fossa, posterior margin: open (0) / closed (1) (CoN06, ch. 46; 

Si18, ch. 82). Remarks: The posterolateral margins of the parietal fossa are also called 
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cristae juxtafovealis (e.g., Conrad 2008; Klembara et al. 2010). These crested margins can 

either projects all the way posteriorly and join closing the parietal fossa (state 1: e.g., 

Brachylophus fasciatus) or never meet posteriorly, leaving the posterior border of the fossa 

open (state 0: e.g., Furcifer, Dipsosaurus).  

68. Parietal, crista cranii parietalis, ventral (= epipterygoid) process: absent (0) / present 

(1) (E88, ch. 23; G12, ch. 108; Si18, ch. 87). Remarks: This is also referred to as 

epipterygoid process or ventrolateral crest of the crista cranii parietalis (e.g., Evans 2008; 

Klembara et al. 2010; Simoes et al. 2018). It usually mediates the contact with the 

epipterygoid when present, either directly (e.g., Ctenosaura) or via an extensive amount of 

cartilage (e.g., Agama). The epipterygoid contacts directly the crista cranii parietalis when 

the process is absent (e.g., Brachylophus fasciatus). A short crista cranii parietalis is visible 

on the reduced parietal table ventral surface in chamaeleonids, joining posteriorly with the 

posterolateral margins of the parietal fossa for instance in Furcifer. No ventral projections 

are found along this short segment, so I scored this character as absent in this case.  

 

Postfrontal and Postorbital  

69. Postfrontal: absent (0) / present (1) (E88, ch. 12). Remarks: The postfrontal seems to be 

truly absent for instance in Polychrus, Uromastyx, and Holbrookia. In Phrynosoma, the 

postfrontal appears to possibly fuse to the frontal (IP pers. obs.), where the posterolateral 

margins of the frontal table are unusually elongated and bear an anterior projection that 

invades the orbital opening (topologically similar to the supraorbital boss present on the 

postfrontal of many iguanids: see characters 73-74). However, since it is difficult to 

determine whether or not the postfrontal is fused to a different bone other than the 

postorbital without further analyses, this character accounts for the lack of a distinct 

postfrontal and it is scored as inapplicable when the postfrontal is clearly fused to the 

postorbital (forming a postorbitofrontal bone).  

70. Postfrontal-postorbital: unfused (0) / fused (1) (E88, ch. 14; Co08, ch. 94; Si18, ch. 44). 

Remarks: The fusion between postorbital and postfrontal occurs frequently within 

squamates and is highly variable during ontogeny and sometimes intraspecifically (IP pers. 

obs.). Fused for instance in Basiliscus vittatus, while separate in iguanids. In 

Phrynosomimus, a faint suture between the postfrontal and postorbital is still visible on the 
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holotype (PIN 3142-318), while fully obliterated in a larger size specimen (IGM 3-81), 

hence I scored this character as state 1 for this OTU. 

71. Postfrontal, distal (= lateral) process, shape: single (0) / bifurcated (1) (G12, ch. 64; 

Si18, ch. 58). Remarks: Inapplicable when postfrontal and postorbital are fused or 

postfrontal absent. Bifurcated for instance in Temujinia, while single in Uranoscodon and 

most OTUs. 

72. Postfrontal/postorbitofrontal, anterodorsal surface, supraorbital crest: absent (0) / 

present (1) (NEW). Remarks: This feature is present in chamaeleonids and priscagamids, 

as well as Corytophanes among pleurodontans.  

73. Postfrontal/postorbitofrontal, anterodorsal surface, supraorbital boss: absent (0) / 

present (1) (NEW). Remarks:  A rugouse and rounded process, similar to the prefrontal 

boss, is present along the anterodorsal margin of the postfrontal and or postorbital in some 

iguanids (e.g., Amblyrhynchus, Brachylophus). This structure is located at the contact 

between the postfrontal and the postorbital (e.g., Brachylophus) or more commonly on the 

postorbital only.  

74. Postfrontal/postorbitofrontal, anterodorsal surface, supraorbital boss, anterior 

expansion: absent (0) / present (1) (NEW). Remarks: An elongated anterior projection is 

visible on the postfrontal in Cyclura. This element is rugouse and rounded like the 

supraorbital boss in other iguanids, but extremely more elongated, partially invading the 

top of the orbital opening and similar to a ‗horn‘.  

 

Cyclura  - expanded supraorbital boss of postorbitofrontal 
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75. Postfrontal/postorbitofrontal, anterodorsal surface, supraorbital boss, contact with 

prefrontal posterodorsal process: absent (0) / present (1) (NEW). Remarks: The 

expanded anterodorsal supraorbital boss of the postfrontal/postorbitofrontal contacts the 

posterodorsal process of the prefrontal for instance in Corytophanes, forming a complete 

bar above the orbital opening. Inapplicable when either or both the postfrontal supraorbital 

boss and the posterodorsal process of the prefrontal are absent, and when the postfrontal 

supraorbital boss is not expanded (see previous character).  

76. Postfrontal/postorbitofrontal, dorsal/dorsomedial margin, shape: single (0) / bifurcated 

(1) straight (2) (E88, ch. 13; G12, ch. 63; Si18, ch. 60). Remarks: This character assesses 

for the lunate or triangular (state 0) versus bifurcated (state 1) shape of the postfrontal 

dorsomedial margin. Single for instance in Physignathus and Amblyrhynchus, while 

bifurcated in Sphenodon, Arretosaurus, and Priscagama. In chameleons, this process is 

straight and antero-posteriorly wide (state 2). Inapplicable when a postfrontal is absent.  
 

 

Arretosaurus - bifurcated dorsomedial margin of 

postorbitofrontal 

 

Pogona - dorsomedial margin of postorbitofrontal single 
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Priscagama - bifurcated dorsomedial margin of postorbitofrontal 

 

77. Postfrontal/postorbitofrontal, contact with parietal: dorsal (0) / lateral (1) / anterior (2) 

/ absent (3) (G12, ch. 65; Si18, ch. 59 – modified). Remarks: This character assesses the 

geometrical relationship between the postfrontal/postorbitofrontal dorsomedial margin 

relative to the parietal table. This character is inapplicable when a distinct postfrontal is 

missing (e.g., Polychrus, Phrynosoma). Absent for instance in Sceloporus, where the 

contact is prevented by the frontal and postorbital.  

78. Postorbital, dorsal process, contact with parietal: absent (0) / present (1) (G12, ch. 71 - 

modified). Remarks: When postorbital and postfrontal are fused, this character is 

inapplicable. The anterodorsal process of the postorbital contacts the parietal for instance 

in Dipsosaurus, behind the postfrontal. Postfrontal prevents contact between postorbital 

and parietal for instance in Priscagama. 

79. Postorbital, dorsal margin, position relative to postfrontal: lateral (0) / posterior (1) / 

anterior (2) (Si18, ch. 45). Remarks: The postorbital is lateral (or distal)  to the postfrontal 

for instance in Temujinia (state 0), where the dorsal margin of the postorbital is clasped 

between the bifurcated distal (or lateral) margin of the postfrontal. The postorbital dorsal 

margin is typically posterior to the postfrontal for instance in Amblyrhynchus, (state 1), 

while the anterior condition (state 2) in our dataset is found only in the outgroup 
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Eichstaettisaurus. Inapplicable when postorbital and postfrontal are fused or a distinct 

postfrontal is missing (e.g., Polychrus, Phrynosoma). 

80. Postorbital/postorbitofrontal, anteroventral (= jugal) process: absent (0) / present (1) 

(Si18, ch. 47). Remarks: When this process is absent, the ventral border of the postorbital 

is straight and flat. Absent for instance in Priscagama while present in most OTUs. 

81. Postorbital/postorbitofrontal, posterior process, dorsal/dorsomedial flange: absent (0) 

/ present (1) (NEW). Remarks: A dorsal/dorsomedial flange along the dorsal margin of 

the posterior process of the postorbital is found for instance in Basiliscus and 

Amblyrhynchus.  

82. Postorbital/postorbitofrontal, posterior process, dorsal fossa: absent (0) / present (1) 

(NEW). Remarks: A large fossa is located on the dorsal/posterodorsal margin of the 

postorbital in Amblyrhynchus. The postorbital fossa seems to be an autapomorphy of 

Amblyrhynchus cristatus, as the element is absent in all other iguanids (including 

Conolophus spp.) and iguanians.  

 

DERMAL OSSIFICATION AND SCULPTURING OF THE UPPER JAW, SKULL 

ROOF AND CIRCUMORBITAL BONES 

These characters try to account for the variation in skull bone ornamentations that is found across 

iguanians. I acknowledge that the definition of dermal sculpturing is quite general and 

encompass potentially a variation of structures that may not be homologous. In fact, quite often 

with this term both simple bony ornamentaions and true integumentary ossifications are clumped 

together. The presence of integumentary ossifications, also known as osteoderms, as long been 

considered a typical feature of anguimorphs and gekkonomorphs; however, recent studies have 

shown their presence in chamaeleons (Schucht et al. 2020) and based on comparison, other 

iguanians like priscagamids and some pleurodontans most likely also possess skull osteoderms. 

The lack of studies on the topic across iguanians makes it difficult at this stage to justify the 

construction and scoring of a character on presence/absence of osteoderms, hence I kept the 

characters on dermal sculpturing mostly unchanged from the literature, trying to improve 

consistency in scoring the shape of the sculpturing across OTUs.  
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83. Dermal sculpturing, frontal: absent (0) /present (1) (C&N07, ch. 7 - modified). 

Remarks: When sculpturing on the dorsal skull roof is present, it is continuous and 

invariable between frontal and parietal, thus I selected a single landmark to account for this 

condition. The frontal is better preserved in most of the fossil OTUs used in this analysis, 

and because of this was preferred over other elements of the skull roof.  

84. Dermal sculpturing, frontal, shape: vermiculated (0) / tuberculated (1) / rugose (2 / 

pitted (3) (E88, ch. 129; C&N07, ch. 4; Si18, ch. 76 - modified). Remarks: Since there is 

no variation in the type of sculpturing between the bones of the same OTU, I selected a 

single landmark to account for this condition. This character is inapplicable when 

sculpturing is absent.  

 

PALATAL COMPLEX 

Vomer 

85. Vomer, fusion: unfused (0) / fused (1) (E88, ch. 38; Si18, ch. 88). Remarks: Fused for 

instance in Chamaeleon and Chamaelognathus. 

86. Vomer, anteromedial (= premaxillary) process: absent (0) / present (1) (Si18, ch. 90). 

Remarks: Present for instance in Cyclura and Conolophus, while absent in 

Amblyrhynchus and Sphenodon. This character represents a case of late ontogenetic 

ossification. Oelrich (1956) describe this element as cartilaginous (‗rostral part of the 

cartilaginous nasal septum‘: Oelrich 1956, p. 24) in Ctenosaura, but based on personal 

observation, an ossified premaxillary process is found in large-sized individuals of 

Ctenosaura similis. A similar situation is found in Cyclura and Iguana: in smaller size 

specimens, the incisive foramen (i.e., the gap between the vomers and the incisive process 

of the premaxilla) is open, while the foramen is fully invaded by an ossified anterior 

process of the vomers in larger size specimens. Always absent for instance in 

Amblyrhynchus, Sphenodon, and Gekko.  
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Cyclura - anteromedial process of vomer 

present 

 

Amblyrhynchus - anteromedial 

process of vomer absent 

 

Conolophus - anteromedial 

process of vomer present 

87. Vomer, lateral margins, expansion: absent (0) / present (1) (Ev90, ch. 8; Si18, ch. 91). 

Remarks: This represents a lateral expansion of the main body of the vomer, posterior to 

the lacrimal groove and fenestra vomeronasalis contribution (cf. Oelrich 1956). Absent for 

instance in Amblyrhynchus and Chamaeleo, where the lateral margins of the vomers are 

straight throughout, while present in Conolophus and Iguana.  

 

Amblyrhynchus - expansion of 

vomer lateral margins absent 

 

Conolophus - expansion of 

vomer lateral margins present 

 

Iguana - expansion of vomer lateral 

margins present 
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88. Vomer, ventral surface, mid-sagittal crest: absent (0) / present (1) (Si18, ch. 92). 

Remarks: Also referred to as longitudinal ridge in G12 (ch. 222). Present for instance in 

Dipsosaurus, while absent in Iguana and Amblyrhynchus.  

89. Vomer, ventral surface, anterolateral crest: absent (0) / present (1) (Si18, ch. 93). 

Remarks: Also referred to as longitudinal ridge in G12 (ch. 222), where it is combined 

with the medial crest (previous character). It is located on the anterior half of the vomer 

and represents a transverso-lateral structure that runs along the anterior constriction of the 

vomer and then posterolaterally to it. The medial and anterolateral crests appear to be 

independent, as reported in Si18 (chh. 92-93), since they can both be present at the same 

time (e.g., Varanus, Dipsosaurus) or only one of the two (e.g., Amblyrhynchus and 

Ctenosaura only have the anterolateral crest). Present in many OTUs, absent for instance 

in Gephyrosaurus and Basiliscus.  

90. Vomer, ventral surface, foramina: absent (0) / present (1) (G12, Ch. 229; Si18, ch. 94). 

Remarks: The ventral surface of the vomers can be pierced by the paired ramus medialis 

of the palatine nerve VII, when one foramen on each vomer is visible at the level of the 

anterior portion of the fenestra exochoanalis (Oelrich 1956). 

91. Vomer, ventral surface, shape: flat (0) / concave (1) (Si18, ch. 95 - modified). Remarks: 

The ventral surface of the vomer is flat for instance in Ctenosaura and Chamaeleo, while 

concave in Amblyrhynchus and Liolaemus. 

 

Palatine  

92. Palatine, vomerine (= anteromedial) process, dorsal deflection: absent (0) / present (1) 

(NEW). Remarks: The anterior process of the palatine for the contact with the vomer is 

present in all our ingroup and outgroup. However, in some taxa (e.g., chamaeleonids, 

Dipsosaurus) its position is abruptly deflected dorsally in comparison to the palatine shaft, 

creating a distinct angle between the process itself and the rest of the palatine. In most 

other OTUs, despite a gentle slope, this process is coplanar and continuous with the 

palatine shaft and other processes (e.g., Iguana, Physignathus).  

93. Palatine, vomerine (= anteromedial) process, shape: single (0) / bifurcated (1) (NEW). 

Remarks: The anterior process of the palatine is single in most OTUs, while bifurcated for 

instance in Oplurus and Chalarodon. 
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94. Palatine, maxillary (= lateral) process: absent (0) / present (1) (G12, ch. 239; Si18, ch. 

103). Remarks: This process is present for instance in Uromastyx and Furcifer, while 

absent in Chamaeleo and Holbrookia. 

 

Pterygoid  

95. Pterygoid, contact at midline: absent (0) / present (1) (E88, ch. 83; G12, ch. 257). 

Remarks: Contact present for instance in Spheodon, while absent in Amblyrhynchus. 

96. Pterygoid, main body, ventral surface, shape: flat (0) / concave (1) (Si18, ch. 110). 

Remarks: The main body of the pterygoid is the portion surrounded by the palatine 

process anteriorly, the transverse process laterally, and the quadrate process posteriorly, 

and bearing teeth when they are present. Flat for instance in Iguana and Amblyrhynchus, 

concave in Dipsosaurus and Cyclura.  

97. Pterygoid, main body, ventral surface, eminence: absent (0) / present (1) (Be97, ch. 42 - 

modified). Remarks: In some taxa, a prominent bony eminence (usually bearing teeth) can 

be present posteromedially on the ventral surface of the main body of the pterygoid (e.g., 

Cyclura). When the pterygoid teeth are present, the ventral eminence can be absent, and in 

Anolis for instance there is an eminence but no teeth. An example of presence of pterygoid 

teeth without the dentigerous eminence is Amblyrhynchus, where they are set in a groove. 

It seems to vary in Iguana iguana, where larger specimens bear numerous small teeth 

without an eminence, while small to medium size specimens tend to have one.  

98. Pterygoid, main body, posteromedial flange: absent (0) / present (1) (Si18, ch. 111). 

Remarks: Referred to as arcuate flange in Si18. This flange is located at the contact with 

the basipterygoid process of the basisphenoid and projects medially from the posterior 

portion of the main body of the pterygoid, at the transition with the pterygoid quadrate 

process. When present, the flange partially overlaps the contact with the basipterygoid 

process of the basisphenoid and can have a blunt or tapering shape. Present for instance in 

Sphenodon, Oplurus, and Chamaelognathus.  
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Chamaelognathus - flange present 

 

Oplurus - flange present 

 

99. Pterygoid, palatine (= anterior) process, anterior end, shape: single (0) / bifurcated (1) 

(Si18, ch. 106). Remarks: This character is better assessed when the elements are 

disarticulated, as one of the two ends can be covered in ventral view by the palatine (e.g., 

Ctenosaura pectinata: in articulation the element appears single, but when looking at the 

disarticulated pterygoid, there is a bifurcated palatine process bearing the facets for the 

palatine). For the terminology, I refer to Oelrich (1956). The palatine process of the 

pterygoid is single for instance in Amblyrhynchus and Iguana, while bifurcated in 

Ctenosaura and Cyclura. 

100. Pterygoid, palatine process, anterior expansion: absent (0) / present (1) (NEW). 

Remarks: The palatine process can extend anteriorly to border most of the medial margin 

of the palatine and reach up to the vomer (e.g., Phrynosomimus, Gladidenagama). 

101. Pterygoid, quadrate process, dorsal flange: absent (0) / present (1) (NEW). Remarks: 

Found for instance in Isodontosaurus and Uromastyx, while absent in Agama and Iguana. 

102. Pterygoid, quadrate process, medial surface, groove: absent (0) / present (1) (G12, ch. 

265 - modified). Remarks: The medial surface of the quadrate (or posterior) process of the 

pterygoid can have a deep excavation or groove for the insertion of the protractor 
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pterygoideus muscle (e.g., Oelrich 1956), in addition to its already concave shape. 

Excavation is particularly pronounced for instance in Amblyrhynchus. Absent for instance 

in Furcifer and Gekko. 

103. Pterygoid, quadrate process, posteroventral notch: absent (0) / present (1) (NEW). 

Remarks: A notch along the posteroventral margin of the pterygoid quadrate process is 

found for instance in Pogona and Phymaturus. 

104. Pterygoid, transverse-quadrate processes, ventral flange: absent (0) / on transverse 

process only (1) / from transverse to quadrate process (2) / on quadrate process only (3) 

(G12, ch. 266; Si18, ch. 108 - modified). Remarks: A ventrally oriented flange departing 

from the margin of the transverse process and continuing to the quadrate process of the 

pterygoid is present for instance in Chamaeleo (state 2). The ventral flange is limited to the 

transverse process in Iguana iguana (state 1), while absent completely in Priscagama. 

 

Ectopterygoid  

105. Ectopterygoid, contact with palatine: absent (0) / present (1) (Co08, chh. 124-125 - 

modified). Remarks: Present for instance in Uromastyx and Chamaeleon, while absent in 

Ctenosaura and Iguana. 

106. Ectopterygoid, anterolateral process: absent (0) / present (1) (NEW). Remarks: The 

ectopterygoid has 3 processes: a ventral more prominent one that makes up most of the 

bone, plus an anterolateral and a posterolateral one. While the ventral process is always 

present, anterolateral and a posterolateral processes show variation across the OTUs. 

Absent for instance in Phrynosoma. See also remarks for next character. 

107. Ectopterygoid, posterolateral process: absent (0) / present (1) (G12, ch. 283; Si18, ch. 

114 - modified). Remarks: This is referred to as posterior process in G12 and lateral 

process in Si18. As the ectopterygoid can have two lateral processes (one oriented 

anteriorly and one posteriorly), I created two separate characters and named those 

processes respectively as anterolateral and posterolateral (this and previous character). The 

posterolateral process of the ectopterygoid is absent for instance in Oplurus and 

Chalarodon, while both these OTUs retain an anterolateral process.  
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FORAMINA OF THE SKULL ROOF, CIRCUMORBITAL  BONES, AND PALATAL 

COMPLEX 

108. Lacrimal duct, foramen: single (0) / double (1) (P86, ch. 22; Si18, ch. 29). Remarks: 

The foramen that transmits the lacrimal duct can be single (e.g., Ctenosaura) or double 

(e.g., Uromastyx), resulting in two distinct foramina in the latter condition. The lacrimal 

foramen/foramina represent a passage for the lacrimal duct from the orbital region to the 

snout region, with the anterior end of the duct usually passing through a groove on the 

ventral surface of the vomer (e.g., Bellairs 1949; Oelrich 1956). 

109. Lacrimal duct, foramen/foramina, position: no contribution from palatine (0) / with 

contribution from palatine (1) (G12, ch. 141 - modified). Remarks: The palatine can 

contribute to the ventral border of the lacrimal foramen in some taxa (e.g., Enyalioides)(see 

also Oelrich 1956; Etheridge & deQueiroz 1988; Evans 2008). There is no contribution 

from palatine for instance in Iguana and Cyclura. Contribution from the palatine is present 

in Amblyrhynchus, where the lacrimal duct has a double passage, and Furcifer, where 

instead there is a single foramen. 

110. Maxillo-palatine foramen: absent (0) / perforating palatine only (1) / between palatine 

and maxilla (2) (G12, ch. 246; Si18, ch. 102 - modified). Remarks: Known also as 

palatine foramen or dorsal opening for the alveolar canal. When present, this foramen is 

located close to the palatine-prefrontal-maxilla contact, at the level of the palatine 

maxillary process and close to the infraorbital foramen (cf. Oelrich 1956, Evans 2008). 

Absent for instance in Brookesia and Pogona.  

111. Rostral foramen: absent (0) / present as large opening (1) / present as foramen (2) 

(NEW). Remarks: This is a paired opening or foramen that can be found on both sides of 

the rostrum. In chamaeleonids, where this opening is relatively large, it is considered as 

derived from the separation of the external naris via a bony bar formed mostly by the 

prefrontal (Rieppel 1993). In this case, the opening is posterior and dorsal to the external 

narial opening and has been referred to as ‗prefrontal fontanelle‘ (e.g., Rieppel 1993; 

Evans 2008; Tolley 2013). However, a secondary opening in the same region of the skull is 

found in other iguanians. Rieppel (1993) showed how in embryos and hatchlings the 

fontanelle appears to be separated from the external nares in later stages at least in 

Chamaeleo, while it would remain confluent (i.e., fontanelle absent) with the narial 
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opening in Rhampholeon (cf. Tolley 2013). The prefrontal bone tends to contribute to most 

of the opening lateral/posterolateral margin, while the nasal contributes to its 

anterior/anteromedial margin. A variation occurs among other chamaeleonids, with either 

the maxilla (e.g., Trioceros) or the frontal (e.g., Chamaeleo, Bradypodion) also 

contributing to the border of this opening. A much smaller, but topologically similar, 

opening is present in other OTUs: in Priscagama gobiensis (specimen ZPAL MgR III-33) 

and some agamids (e.g., Pogona, Agama) between nasal, prefrontal and maxilla; in 

Phrynosomimus and Gladidenagama between nasal and prefrontal; in Uromastyx within 

the nasals, close to the contact with the nasal process of the premaxilla and the external 

nares (IP pers.obs.). In the chamaeleonids Brookesia there is no secondary large opening 

on the rostral region of the skull, but a small foramen is visible between maxilla, nasal and 

prefrontal (IP pers.obs.). I tentatively treated these openings as homologous and coded this 

character to assess the observed variation in our dataset.  

112. Rostral foramen: paired (0) / single (1) (NEW). Remarks: A single sub-elliptical opening 

along the midline of the nasals is found in Corytophanes. Also referred to as naso-frontal 

fontanelle (e.g., Conrad 2015), I believe this opening to be homologous to the rostral 

foramen described in the previous characters due to topology and skull elements involved.  

113. Pineal foramen: present (0) / absent (1) (E88 ch. 26; F92, ch. 9). Remarks: The pineal 

foramen is absent for instance in Gekko and Polychrus, as well as most chamaeleons. 
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Arretosaurus - pineal foramen present between parietal and frontal 

 

114. Pineal foramen, position: on parietal only (0) / on frontal only (1) / at frontoparietal 

contact (2) (F&E89, ch. 11 - modified). Remarks: The position of the pineal foramen 

shows some intraspecific variation within Iguania. In Amblyrhynchus, for instance, the 

pineal foramen can be fully enclosed by either the parietal or frontal, or located at the 

fronto-parietal suture. This variation does not seem to follow any specific pattern of 

ontogeny, dimorphism or population distribution. The more frequent condition in 

Amblyrhynchus is the pineal foramen located between the frontal and parietal, thus I scored 

this OTU as state 2.  

 

SUSPENSORIUM 

Quadrate 

115. Quadrate, foramen: present (0) / absent (1) (Si18, ch. 118). Remarks: There can be 

multiple foramina on the quadrate, but the quadrate foramen is located just dorsally to the 

mandibular condyle, close to the quadrate pillar, and piercing anterior-posteriorly (e.g., 

Oelrich 1956). There seems to be variation in its position relative to the quadrate pillar, 

occurring at times on the lateral side (e.g., Ctenosaura similis) or on the medial side (e.g., 

Cyclura). However, the condition of this foramen appears quite variable across all Iguania 
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(pers. obs.) as it has been reported for geckos (Villa et al. 2018). The variation seems to be 

both inter- and intraspecific, with the foramen sometimes not fully piercing the quadrate, 

being double, and/or of variable size. Present for instance in Amblyrhynchus cristatus and 

Ctenosaura pectinata. Variably present in Iguana iguana. This foramen is mostly absent 

among chamaeleonids (e.g., Chamaeleo).  

 

Polychrus - quadrate foramen present 

116. Quadrate, conch: present (0) / absent (1) (Si18, ch.121). Remarks: The quadrate conch is 

absent in chamaeleonids. The conch is very weak in Phrynosoma and Arretosaurus.  

117. Quadrate, pterygoid lappet: absent (0) / present (1) (E88, ch. 37). Remarks: The 

pterygoid lappet, if present, is located closer to the mandibular condyle(s) and along the 

medial crest (sensu Oelrich 1956) of the quadrate, where the pterygoid makes contact. 

Present for instance in Ctenosaura, absent in Chamaeleon. Not much prominent (but 

present) in Iguana iguana, including in larger specimens. 

118. Quadrate, suprastapedial process: absent (0) / present (1) (D&C93, ch. 40; L97, ch. 30; 

G12, ch. 179; Si18, ch. 122). Remarks: The position of the quadrate cephalic condyle can 

be more or less deflected posteriorly/posteroventrally relative to the main axis of the 

quadrate shaft, but a suprastapedial process is present only when a lappet of bone extends 

posteroventrally beyond the quadrate posterior pillar (= posterior crest in Oelrich 1956). 

Absent for instance in Chamaeleon and Phrynosoma, while present in Iguana, Agama, and 

Amblyrhynchus. 
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119. Quadrate, dorsal (= squamosal) notch: absent (0) / present (1) (Si18, ch. 123). 

Remarks: A notch on the dorsal head of the quadrate for the articulation of the squamosal 

is common amongst iguanians (cf. E88, deQueiroz 1987). 

120. Quadrate, dorsal (= squamosal) notch, position: on mid-dorsal surface (0) / along 

dorsolateral crest (1) (NEW). Remarks: The notch on the dorsal head of the quadrate can 

be located either in the middle of the dorsal surface of the quadrate (e.g., Amblyrhynchus, 

Basiliscus, Chamaeleo) or along the lateral margin of the dorsal head (e.g., Iguana, 

Sauromalus). 

 

Epipterygoid  

121. Epipterygoid: absent (0) / present (1) (E88, ch. 47; G12, ch. 290; Si18, ch. 115). 

Remarks: Absent for instance in Chamaeleon. Absent in all chamaeleonids (e.g., Estes et 

al. 1988).  

122. Epipterygoid, base, shape: flared (0) / columnar (1) (Si18, ch. 116). Remarks: The 

epipterygoid base is flared for instance in Gephyrosaurus and Sphenodon, while columnar 

for all the ingroup.  

 

TEMPORAL BONES 

Quadratojugal 

123. Quadratojugal: present (0) / absent (1) (Si18, ch. 38). Remarks: Present in the outgroup 

(e.g., Sphenodon, Megachirella). 

 

Squamosal  

124. Squamosal: present (0) / absent (1) (E88, ch. 33). Remarks: Absent in some geckos, like 

Gekko gecko included here as an outgroup (e.g., Estes et al. 1988). Present in all other 

OTUs. 

125. Squamosal, anterodorsal process: present (0) / absent (1) (NEW). Remarks: This 

process contributes to the tetraradiate shape of the squamosal found for instance in 

rhynchocephalians, where it contacts the dorsal margin of the postorbital. Present in 

Sphenodon, Gephyrosaurus, and some agamids.  
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126. Squamosal, posterolateral flange: present (0) / absent (1) (NEW). Remarks: A ventral 

flange developing from the posterolateral margin of the squamosal is found in Sphenodon, 

where it extends to contact the lower temporal bar made by the posteroventral process of 

the jugal. This is different from the quadrate process of the squamosal that is found in most 

OTUs (see next character).  

127. Squamosal, posteroventral (= quadrate) process: present (0) / absent (1) (Si18, ch. 51). 

Remarks: When present, this process can insert into the quadrate dorsal notch in 

squamates and contacts the quadrate and/or quadratojugal in rhynchocephalians (e.g., 

Evans 2008). Present in most iguanians, absent for instance in Sphenodon.  

128. Squamosal, posterodorsal process: present (0) / absent (1) (E88, ch. 34; Si18, ch. 52). 

Remarks: Present in most OTUs (cf. Estes et al. 1988); absent for instance in Ctenomastax 

and Morunasius.  

129. Squamosal, contact with parietal: absent (0) / present (1) (Ri80, ch. 37 - modified). 

Remarks: The squamosal contacts the supratemporal process of the parietal in most cases. 

In chamaeleonids, the contact between the parietal and squamosal is present between the 

mid-sagittal dorsal expansion of the parietal and the elongate posterodorsal process of the 

squamosal. The supratemporal processes of the parietal are in fact absent in most 

chamaeleonids (see character 56). The supratemporal prevents this contact for instance in 

Physignathus. 

 

Supratemporal  

130. Supratemporal: absent (0) / present (1) (E88, ch. 35; G12, ch. 166; Si18, ch. 62). 

Remarks: Absent in some agamids (e.g., Moloch) and Sphenodon., while present in most 

OTUs. 

131. Supratemporal, contact with parietal: present (0) / absent (1) (NEW). Remarks: Present 

in most OTUs, and absent for instance in Furcifer and Priscagama. 

132. Supratemporal, contact with parietal, topology relative to parietal supratemporal 

process: medioventrolateral (0) / ventrolateral (1) / ventromedial (2) / only ventral (3) 

(F&E89, ch. 12; G12, ch. 170 - modified). Remarks: This character assesses the geometry 

of the contact between the parietal supratemporal processes and the supratemporal bone, as 

well as the shape of the supratemporal. In many iguanians (e.g., Cyclura, Iguana), the 



365 

supratemporal wraps around the supratemporal process of the parietal, being exposed on its 

medial, ventral and lateral surfaces at the same time (state 0). Alternatively,  the 

supratemporal contact the parietal just along its ventral+lateral margins (state 1, as in 

Priscagama) or its ventral+medial margins (state 2, as in Sauromalus). In Sauromalus, the 

supratemporal contacts extensively the medial surface of the parietal supratemporal 

process, slightly invading the ventral surface. This character is inapplicable when the 

supratemporal does not contact the parietal, as for instance in Furcifer. The contact is 

limited to the posteroventral margin of the parietal supratemporal processes for instance in 

Uma and Holbrookia (state 3), where the supratemporal is sandwiched between the 

squamosals and paroccipital processes.  

 

BRAINCASE  

Supraoccipital  

133. Supraoccipital, ossified processus ascendens of the synotic tectum (PAST): absent (0) / 

present (1) (G12, Ch. 297; Si18, ch. 126). Remarks: This process is also called processus 

ascendens of the supraoccipital (e.g., Oelrich 1956; Rieppel & Zaher 2000) or medial 

ascending process (Simoes et al. 2018). When present, this process contacts the parietal 

usually via the parietal fossa on the ventral/posteroventral surface of the parietal bone. This 

character codes for the presence of an ossified PAST and as a cartilaginous element. For 

instance, in small to large size individuals of Ctenosaura and Cyclura, this element is 

always cartilaginous, while in taxa such as Iguana and Amblyrhynchus, the PAST becomes 

ossified only in fairly large size specimens (IP pers. obs.). This is a clear example of late 

ontogenetic development and scorings should be based on skeletally mature individuals 

only.  

134. Supraoccipital, ossified PAST, anterodorsal flange: absent (0) / present (1) (NEW). 

Remarks: An expanded anterodorsal flange of the PAST is found amongst chamaeleonids. 

Inapplicable when an ossified PAST is absent.  

135. Supraoccipital, median (= mid-sagittal) crest: absent (0) / present (1) (Co08, ch. 135; 

Si18, ch. 128). Remarks: The same as the supraoccipital crest in Oelrich (1956), this 

structure is widely present amongst iguanians. The crest is often blunt and/or incomplete in 

smaller size/younger individuals and it gets sharper and/or complete in larger size/adult 
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individuals (e.g., Iguana, Cyclura, Ctenosaura, and Amblyrhynchus: pers.obs.). The crest is 

particularly expanded for instance in Furcifer, where it contacts the expanded parietal mid-

sagittal crest (next character). 

136. Supraoccipital, median (= mid-sagittal) crest, contact with parietal mid-sagittal crest: 

absent (0) / present (1) (G12, ch. 301 - modified). Remarks: The supraoccipital mid-

sagittal crest expands in some chamaeleonids to contact the ventral margin of the expanded 

parietal mid-sagittal crest. This contact is absent for instance in Basiliscus, despite the 

presence of a mid-sagittal crest on both parietal and supraoccipital. Inapplicable if either of 

the crests is absent. 

137. Supraoccipital, dorsolateral ridges: absent (0) / present (1) (NEW). Remarks: Two 

lateral ridges, projecting dorsally, on each side of the mid-sagittal crest are present for 

instance in Chamaeleo and Physignathus. These structures are usually visible in both 

dorsal and posterior views and not always reach the ventral margin of the supraoccipital 

(e.g., Dipsosaurus, Brachylophus). Absent for instance in Furcifer and Sauromalus.  

 

Basioccipital 

138. Basioccipital, dorsal surface: smooth (0) / with mid-sagittal groove (1) / with mid-sagittal 

crest (2) (Bell 1997, ch. 67 - modified). Remarks: The dorsal surface of the basioccipital 

is concave but smooth in Cyclura and Ctenosaura, while a distinct groove is visible in 

Furcifer, Amblyrhynchus, and Uromastyx. In Calotes and Petrosaurus there is instead a 

median crest dividing the slightly concave dorsal surface of the basioccipital.  

139. Basioccipital, ventral surface, concavity: absent (0) / single (1) / divided (2) (Si18, ch. 

134). Remarks: The ventral surface of the basioccipital can be either flat or concave. 

When present, this concavity is single or separated by a longitudinal crest. This condition 

seems to be independent from the concavity sometimes present on the ventral surface of 

the basisphenoid (see ch. 142). In Furcifer, the basioccipital is flat, while the basisphenoid 

is concave. Present and divided for instance in Gekko, while single in Basiliscus.  

140. Basioccipital, ventral surface, transverse crest: absent (0) / present (1) (NEW). 

Remarks: A horizontal/transverse crest can be present on the ventral surface of the 

basioccipital, right anterior to the occipital condyle, as seen in Pogona and Arretosaurus.  
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Basisphenoid 

141. Basisphenoid, crista trabecularis, ossified cultriform process: absent (0) / present (1) 

(G12, ch. 328 - modified). Remarks: The crista trabecularis is also referred to as 

parasphenoid process (e.g., Oelrich 1956). This is an anteromedian projection of the 

basisphenoid, at the contact with the parasphenoid, that can bear an additional median 

process (i.e, the cultriform process) (cf. Oelrich 1956; G12). When present, this element is 

usually discernable even if basisphenoid and parasphenoid are fused, or should be scored 

as inapplicable when this fusion prevents a clear assessment. Contra to G12, I found that an 

ossified cultriform process is absent in Dipsosaurus. Present for instance in Furcifer and 

Uma. 

142. Basisphenoid, ventral surface, concavity: absent (0) / single (1) / divided (2) (Si18, ch. 

138). Remarks: The ventral surface of the basisphenoid can be flat or concave, and when a 

concavity is present, this can be divided by a median crest. I scored the division of the 

concavity as present (state 2) also when the median crest is not running throughout the 

ventral surface of the basisphenoid but only for part of it, like for instance in Chamaeleo. 

See also remarks for character 139. 

 

Orbitosphenoid 

143. Orbitosphenoid, ossification: absent (0) / present (1) (Si18, ch. 158). Remarks: The 

orbitosphenoid is not ossified in Sphenodon and Gekko (cf. Evans 2008).  

144. Orbitosphenoid, dorsal margin, shape: convex (0) / concave (1) (NEW). Remarks: The 

dorsal end of the orbitosphenoid in most lizards bears two processes: the superior (or 

anteromedian) process and the posterior (or posterolateral) process (cf. Oelrich 1956). 

These two processes are well-distinct when the dorsal margin is deeply concave (state 1), 

as in Agama. To a lesser degree, but concave in Iguana as well, while a convex bony 

flange between the superior and posterior processes of the orbitosphenoid (state 0) is found 

in Physignathus, Cyclura, and Amblyrhynchus.  

 

Prootic  

145. Prootic, crista prootica: absent (0) / present (1) (Si18, ch. 140). Remarks: A crista 

prootica is absent for instance in Polychrus, where exit foramen for facial nerve VII is fully 
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exposed in lateral view. The crista is poorly developed but still present in Anolis, similarly 

to Agama. 

146. Prootic, crista prootica, shape: straight (0) / with mid-ventral flange (1) (Si18, ch. 141 - 

modified). Remarks: A ventral flange is present along the margin of the crista prootica for 

instance in Gekko, giving to its margin a triangular/angled shape. The crest is a straight 

slope in Amblyrhynchus. Fundamentally, the shape of the crista prootica varies by having 

or not a triangular apex in anterior and lateral view. In Iguana iguana the prootic crest in 

anterior view is broader, descending, and triangular with the apex pointing ventrally. In 

Amblyrhynchus the prootic crest is sharper but there is no mid-ventral projection. In 

chameleons (e.g., Furcifer), the crista is shorter and does not reach the anterior margin of 

prootic. 

147. Prootic, crista alaris: absent (0) / present (1) (E88, ch. 49; G12, ch. 305; Si18, ch. 142). 

Remarks: The prootic alar process can have an extension along its anterior margin which 

is known as crista alaris (Oelrich 1956). When present, the crista alaris extends 

dorsolaterally reaching as far as the trigeminal notch, and it is anterior to the anterior 

semicircular canal, which runs through the prootic. Absent in Pogona and Physignathus, 

while present for instance in Ctenosaura and Gekko.  

148. Prootic, supratrigeminal process: absent (0) / present (1) (E88, ch. 5; G12, ch. 306; Si18, 

ch. 143). Remarks: When present, the supratrigeminal process is located on the 

anteromedial margin of the prootic (e.g., Oelrich 1956). Absent for instance in Furcifer and 

Dipsosaurus, present in Cyclura and Amblyrhynchus.  

149. Prootic, lateral wall, medial view, facial foramen: absent (0) / present (1) (L98, ch. 68; 

G12, ch. 313; Si18, ch. 145). Remarks: The facial foramen can fully pierce the prootic 

lateral wall or just be visible in medial view (e.g., Gekko: cf. Villa et al. 2018). Absent for 

instance in Brookesia. 

 

Opisthotic + Exoccipital (= Otoccipital) 

150. Opisthotic-exoccipital: unfused (0) / fused (1) (E88, ch. 51; G12, ch. 352; Si18, ch. 151 - 

modified). Remarks: The fusion of the opisthotic and exoccipital to form the otoccipital is 

prevalent among squamates. State 0 is found for instance in Sphenodon, while all iguanians 

have state 1.  
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151. Exoccipital/otoccipital, occipital condyle processes, contact: absent (0) / present (1) 

(NEW). Remarks: The occipital condyle processes of the exoccipitals contact each other 

medially for instance in Chamaeleo and Furcifer (visible dorsally but not always in 

posterior view). This contact is visible in dorsal view, while it may appear absent in 

posterior view (e.g., Furcifer). This character is difficult to assess when the basicranial 

bones are fully fused, as frequently amongst squamates, and should be scored as unknown 

if the two processes cannot be discerned.  

152. Exoccipital/otoccipital, crista interfenestralis: present (0) / absent (1) (G12, ch. 311; 

Si18, ch. 149). Remarks: The crista interfenestralis borders and usually covers the anterior 

margin of the occipital recess (= lateral aperture of the recessus scalae tympani, LARST) 

(e.g., Oelrich 1956; Evans 2008). When the crista is absent, the LARST is well-exposed in 

lateral and anterior view. The element is present in Iguana and Conolophus, while absent 

for instance in Amblyrhynchus, Chamaeleo, and Furcifer.  

153. Exoccipital/otoccipital, crista tuberalis: absent (0) / present (1) (G12, ch. 312; Si18, ch. 

153). Remarks: The crista tuberalis makes up the posterior margin of the occipital recess, 

where is located the lateral aperture of the recessus scalae tympani (LARST) (e.g., Oelrich 

1956; Evans 2008). Present for instance in Ctenosaura.  

 

Mandible 

Subdental shelf and lingual wall are different structures. The subdental shelf is the structure 

underneath the teeth, made of an about horizontal shelf plus a ventrally projecting flange 

(here referred to as ventrolingual flange of the dentary). While the horizontal portion of the 

subdental shelf is always present, the extension/height of its ventral component (= 

ventrolingual flange) varies. The lingual wall, instead, is the structure that can be present 

along the lingual side of the tooth row, representing a dorsal projection of the subdental 

shelf on the lingual side of the dentary. The subdental shelf is tight to the Meckelian canal 

(and/or alveolar canal) and always below the teeth, while the lingual wall is tight to the 

teeth and always medial/lingual to them. The dentary lingual wall can be variably high 

relative to the dentary labial wall, and in some cases even higher than the latter (e.g., 

Furcifer).  
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Dentary 

154. Dentary, symphyseal surface, anterior view, shape: flat (0) / rounded (1) (L98, ch. 110; 

G12, ch. 355; Si18, ch. 166). Remarks: This character assesses the shape of the articular 

portion of the anterior margin of the dentary (i.e., symphysis). In most iguanids the 

symphyseal surfaces are well-rounded with a fair amount of cartilage in between. In 

Amblyrhynchus especially, the layer of cartilage leaves the bony surfaces of the two 

symphyses quite spaced up (pers.obs.). In chamaeleons (e.g., Furcifer) the symphyseal 

surfaces are more greatly extended along the anterior margin of the dentary and also flatter, 

with a relatively smaller amount of cartilage in between (pers.obs.). In Physignathus for 

instance the symphyseal surfaces of the dentaries are quite flat, with the contact limited to 

the dorsal portion (see following character). 

155. Dentary, symphyseal articulatory facet, position: only dorsal (0) / dorsoventral (1) 

(Si18, ch. 168 - modified). Remarks: The contact between the two dentaries at the 

symphysis can be limited to the most dorsal portion of the anterior margin of the dentaries, 

as in Amblyrhynchus, Iguana, and Physignathus, or extended dorsal-to-ventral (sometimes 

excluding just the most dorsal tip), as in Sphenodon, Holbrookia, and Furcifer.   

156. Dentary, Meckel’s canal opening: absent (0) / present as anterior fenestra (1) / open 

throughout the dentary (2) (E88, ch. 55; G12, chh. 371-372; Si18, ch. 167 - modified). 

Remarks: The Meckel‘s canal can open medially or ventrally on the dentary, either 

throughout the length of the dentary (state 2) or as simple fenestra on its anterior end (state 

1). An anterior fenestra is found for instance in Brachylophus and Ctenosaura, while the 

canal is opened throughout the dentary in Brookesia (ventrally) and Callopistes (medially). 

The anterior opening is extremely reduced (but still present) in Amblyrhynchus. Absent in 

Leiocephalus.  

157. Dentary, subdental shelf, ventrolingual flange: absent (0) / present (1) (E88, ch. 59; 

Si18, ch. 169 - modified). Remarks: The subdental shelf is made of the dentary tooth shelf 

plus a ventral projection (here called ventrolingual flange) from its medial/lingual margin. 

The subdental shelf is more or less developed but always present at least for most of the 

dentary, and is located above and medially to the Meckel‘s canal. The ventrolingual flange 

can be expanded in some OTUs (e.g., chamaeleonids, Uromastyx, agamids), where it 

creates a particularly tall subdental shelf. The extension of the dentary ventrolingual flange 
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and its relationship with the dentary ventrolabial flange determines whether the Meckel‘s 

canal is open or enclosed (see previous character). 
 

 

Difference between subdental shelf and lingual wall in Furcifer (top) and Pogona (bottom). For 

additional information on tooth implantation in Pogona and chamaeleons see respectively Haridy 

(2018), and Dosedělová et al. (2016) and Buchtová et al. (2013). 

158. Dentary, lingual wall: present (0) / absent (1) (NEW). Remarks: The lingual wall of the 

dentary extends along the lingual side of the teeth. This structure basically represents a 

dorsal projection from the medial/lingual margin of the subdental shelf, in contrast to the 

ventrolingual flange which extends ventrally (see also remarks for previous character). A 

dentary lingual wall is found for instance in chamaeleonids, where it is usually as high or 

higher than the labial wall of the dentary (see next character). 

159. Dentary, lingual wall, height relative to labial wall: same height (0) / shorter (1) / higher 

(2) (NEW). Remarks: Inapplicable when the lingual wall is absent. The lingual wall is as 

high as the labial wall for instance in Acrodontopsis, shorter than the labial wall for 
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instance in Priscagama and Gekko, while taller than the labial wall for instance in Furcifer. 

See also remarks for previous character. 

160. Dentary, ventrolingual flange contact to ventrolabial wall: separate (0) / in contact (1) / 

fused (2) (F&E89, ch. 20; Sm09, ch. 94; G12, ch. 372; Si18, chh. 170-171 - modified). 

Remarks: The ventrolingual flange of the dentary borders the Meckel‘s canal and/or 

alveolar canal together with the ventrolabial wall of the dentary to various degrees: never 

contacting the dentary ventrolabial wall (state 0), as in Pogona and Brookesia; simply 

contacting the dentary ventrolabial wall (state 1), as in Uma and Desertiguana; or fusing to 

the ventrolabial wall of the dentary (state 2), as in iguanids and Holbrookia. 

161. Dentary, coronoid process: absent (0) / present (1) (Si18, ch. 172). Remarks: The 

coronoid process represents a posterior dorsal projection of the dentary, behind the tooth 

row. Its presence can be assessed either in lateral or dorsal view. It is largely present 

amongst iguanians, but absent in some OTUs. More variability is found for the presence or 

lack of its expansion (see following character). Present for instance in Iguana and 

Uromastyx; absent in Amblyrhynchus and Brookesia. Reduced (but still present) in 

Ctenosaura and Conolophus. 

162. Dentary, coronoid process, dorsal expansion: absent (0) / present (1) (E88, ch. 60; G12, 

ch. 367; Si18, ch. 173). Remarks: When the coronoid process of the dentary has a dorsal 

expansion, this extends to invade the dorsal process of the coronoid. Present for instance in 

Uromastyx and Sphenodon; absent in Brookesia and Iguana. 

163. Dentary, coronoid process, shape: single (0) / bifurcated (1) (Si18, ch. 174). Remarks: 

The coronoid process of the dentary can be bifurcated posteriorly to wrap around the 

anterior and/or lateral margin of the coronoid (cf. Simões et al. 2015). The coronoid 

process is single for instance in Furcifer, while bifurcated in Gueragama. 

164. Dentary, posterolateral process: absent (0) / present (1) (NEW). Remarks: A 

posterolateral process of the dentary is absent for instance in Lavatisaurus and other 

changjiangosaurids, as well as the outgroups Varanus and Gekko. 

165. Dentary, posterolateral process, expansion: absent (0) / present (0) (NEW). Remarks: 

The dentary posterolateral process can extend posteriorly to the level of or beyond the 

coronoid posterodorsomedial process in some taxa (e.g., Anolis, Pogona, Arretosaurus, 

Furcifer). This can happen either when the process is single or bifid (see next character). In 
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Anolis, the posterolateral process overlaps most of the surangular, similarly to the 

condition seen in Pogona and many acrodontans, where it can reach up to the retroarticular 

process.  

166. Dentary, posterolateral process, shape: single (0) / bifid (1) (NEW). Remarks: This 

process is bifid for instance in Leiolepis and Pristidactylus, while single in the majority of 

OTUs.  

167. Dentary, posteroventral (or posteroventrolateral) process: absent (0) / present (0) 

(G12, ch. 370 - modified). Remarks: When present, this process is about parallel or 

diverging from the posteroventral (here posterolateral) process accounted for in Si18 (ch. 

175), which instead is exposed on the mid-lateral side of the mandible (along the posterior 

margin of the dentary). This process can be exposed in either ventral or ventrolateral 

views. Absent for instance in Furcifer and Sphenodon, while commonly present in 

iguanids. G12 addresses this condition as the presence of a bifid or single angular process.  

 

Coronoid 

168. Coronoid, dorsal process, position relative to terminal dentary teeth: posterior (0) / 

medial (1) (NEW). Remarks: The coronoid is located posterior to the dentary tooth row in 

most lizards. In chameleons, however, the coronoid contacts with the medial surface of the 

dentigerous portion of the dentary, with the last dentary teeth reaching as far as the 

posterior border of the coronoid dorsal process (which is selected as a landmark for this 

character).  

169. Coronoid, anterolateral process: absent (0) / present (1) (E88, ch. 68; G12, ch. 394; Si18, 

ch. 198). Remarks: Absent for instance in Stenocercus and Uromastyx, present in 

Ctenosaura and Morunasaurus.  

170. Coronoid, posterodorsomedial process: present (0) / absent (1) (Si18, ch. 200). 

Remarks: This process is bifid in Conolophus, but single in all other iguanids, including 

Amblyrhynchus. It is quite elongate in chamaeleons. Absent for instance in Basiliscus. 

171. Coronoid, posterodorsomedial process, shape: single (0) / bifid (1) (NEW). Remarks: 

Single in most OTUs; bifid for instance in Conolophus and Furcifer. 

172. Coronoid, posteroventromedial process: present (0) / absent (1) (G12, ch. 393; Si18, ch. 

201). Remarks: A posteroventromedial process is absend in Sphenodon.  
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173. Coronoid, posterodorsomedial-posteroventromedial process, flange: absent (0) / 

present (1) (NEW). Remarks: A flange connecting the two posteromedial processes of the 

coronoid is found for instance in Furcifer and Arretosaurus, while the two processes are 

distinctly separate in most OTUs. Inapplicable when one of the two processes is absent.  
 

 

Arretosaurus - flange present 

 

Furcifer - flange present 
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Splenial  

174. Splenial: absent (0) / present (1) (E88, ch. 65; G12, ch. 374; Si18, ch. 176). Remarks: 

Absent for instance in Sphenodon and Brookesia, while present in all iguanids.  

175. Splenial, anterior border, shape: tapering (0) / notched (1) (Si18, ch. 179 - modified). 

Remarks: The anterior margin of the splenial tapers in most OTUs, while is notched for 

instance in Physignathus and Uma. The position of the anterior inferior alveolar foramen 

during skeletal growth affects the shape of the splenial anterior end, as variation is found 

between specimens of different size for instance in Physignathus: small size (young) 

individuals tend to have a flat or slightly tapering anterior margin of the splenial, while in 

more skeletally mature individuals this margin is notched by the anterior inferior alveolar 

foramen. Our scorings are based exclusively on skeletally mature specimens.  

 

Angular 

176. Angular: present (0) / absent (1) (E88, ch. 72; Si18, ch. 180). Remarks: This character 

assesses the presence of a distinct angular whose absence is consistent throughout the 

ontogenetic stages of a species. For instance, the angular fuses to the prearticular and 

surangular in Gekko but a suture is still often visible in many individuals, hence the 

element cannot be scored as absent (cf. Si18). In Anolis and Phrynosoma instead, a distinct 

angular is consistently lacking and so accordingly with previous authors (e.g., E88, Si18), I 

scored the element as absent in these OTUs.  

 

Surangular 

177. Surangular, coronoid process: absent (0) / present (1) (Si18, ch. 182). Remarks: The 

dorsal margin of the surangular can bear an anterior projection rising towards the coronoid 

posterior margin. This condition has to be assessed on the disarticulated bone, as the 

process can be covered by the coronoid (e.g., Amblyrhynchus, Cyclura), especially when 

not as prominent as in Sphenodon. Absent for instance in Dipsosaurus and Iguana, where 

the dorsal margin of the surangular is straight. 

178. Surangular, lateral adductor crest (= lateral shelf): absent (0) / present (1) (Si18, ch. 

183). Remarks: A crest bordering the lateral adductor fossa can be present on the lateral 

margin of the surangular, where the m. adductor mandibularis externus inserts (Oelrich 
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1956). This crest is quite blunt but present in Iguana, Cyclura and Ctenosaura while sharp 

and prominent in Amblyrhynchus and Conolophus. Absent for instance in chamaeleonids 

and Sphenodon. 

179. Surangular, anterior foramen: absent (0) / present (1) (Co08, ch. 172; Si18, ch. 184). 

Remarks: An anterior surangular foramen is absent in Polychrus and Anolis, while present 

in most OTUs. In some OTUs such as Furcifer and Pogona, where the dentary is 

posteriorly expanded, its position is usually lower on the surangular and at the contact with 

the dentary, which partially contributes to its anterior border (see next character). 

180. Surangular, anterior foramen, position relative to posterolateral process of dentary: 

posterior (0) / ventral (1) / dorsal (2) (F&E89, ch. 19 - modified). Remarks: The anterior 

foramen of the surangular is posterior in all iguanids, dorsal for instance in chamaeleons 

and Uromastyx, while ventral in Zapsosaurus and Priscagama.  

 

Articular and prearticular 

181. Articular, foramen chorda tympani: absent (0) / present (1) (Si18, ch. 189). Remarks: 

A foramen for the chorda tympani nerve can be present on the dorsal surface of the 

articular, approximately at the level of the anterior margin of the retroarticular process 

(visible in dorsal and medial views). The foramen is absent for instance in Uma and 

Holbrookia. 

182. Articular, retroarticular process: present (0) / absent (1) (G88, ch. 73; Si18, ch. 190). 

Remarks: A retroarticular process is absent in Phrynosoma and chamaeleons too, as well 

as Arretosaurus. Present in most OTUs. 

183. Articular, retroarticular process, shape: tapering posteriorly (0) / with parallel lateral 

and medial margins (1) / flaring posteriorly (2) (E88, ch. 78 - modified). Remarks: The 

retroarticular process is fairly triangular and tapering posteriorly for instance in 

Ctenosaura; its margins flare posteriorly in Dipsosaurus and Polychrus, while parallel in 

Anolis. 

184. Articular, retroarticular process, dorsal surface, shape: flat (0) / concave (1) (E88, ch. 

74; Si18, ch. 191). Remarks: Referred to as dorsal fossa (Simoes et al. 2018), sulcus or pit 

(Estes et al. 1988; Conrad 2008), and articular fossa (Oelrich 1956). There are three 

conditions for the dorsal surface of the retroarticular process: 1) flat (e.g., Uromastyx); 2) 
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homogeneously concave (Cyclura, Amblyrhynchus, Conolophus); 3) overall concave with 

an additional fossa on the most anterior portion (e.g., Iguana iguana). However, conditions 

2) and 3) are heavily dependent on skeletal maturity of the specimens and may be 

challenging to distinguish unambiguously, so I decided to code this character for the two 

most obvious different conditions (flat versus concave). 

185. Articular, retroarticular process, lateral notch: absent (0) / present (1) (E88, ch. 77; 

G12, ch. 409; Si18, ch. 192). Remarks: A notch on the lateral side of the retroarticular 

process is present in Gekko and Phrynosoma. 

186. Articular-prearticular, angular (= medial) process: absent (0) / present (1) (E88, chh. 

73, 80; Co08, ch. 209; Si18, ch. 193). Remarks: Also referred to as pterygoideus process 

in G12, and medial process in Si18. I adopted the terminology used by Oelrich (1956) and 

Evans (2008). The angular process projects from the ventral/ventromedial surface of the 

medial margin of the quadrate articular condyle of the articular, often reaching as far 

posteriorly as the retroarticular process (cf. Oelrich 1956). However, it can still be present 

if the retroarticular process is absent (e.g., chamaeleons). 

187. Articular-prearticular, angular (= medial) process, orientation: ventromedial (0) / 

medial (1) (NEW). Remarks: The angular process of the articular can be simply medially 

oriented (e.g., Sauromalus, Amblyrhynchus) or ventrally deflected (e.g., Iguana, 

Basiliscus). There is some variability in smaller Iguana and Cyclura specimens, but in 

larger individuals is strongly ventrally deflected in both cases.  

188. Articular-prearticular, angular (= medial) process, prearticular crest: absent (0) / 

present (1) (E88, ch. 73; Si18, ch. 194). Remarks: This is not the same as the lateral crest 

of the angular process in Evans (2008), or the tympanic crest of the articular in Oelrich 

(1956). The prearticular crest as described in Si18 is on the dorsomedial surface of the 

angular process. A short crest on the dorsal surface of the angular process is present in 

Conolophus, Amblyrhynchus, and Ctenosaura, while absent in Cyclura and Iguana. The 

presence of this crest gives to the angular process a thick, sub-square or sub-trapezoidal 

shape in medial view, while when absent the angular process is fairly thin and triangular in 

the same view. In Furcifer, where the angular process is ventrally deflected, a blunt crest is 

visible on its medial surface. 
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189. Articular-prearticular, lateral process: absent (0) / present (1) (NEW). Remarks: This 

process projects from the lateral surface of the articular (beside the articular-quadrate 

contact), reflecting the angular process on the medial side. Particularly prominent and 

projecting laterally in Arretosaurus; much smaller in Furcifer and projecting 

ventrolaterally; in Crotaphytus is also much smaller than Arretosaurus and projecting 

laterally.  
 

 

Arretosaurus - lateral process of the articular present. 

 

Foramina of the lower jaw 

190. Anterior inferior alveolar foramen: absent (0) / present (1) (Si18, ch. 164). Remarks: 

Present in most OTUs, while absent for instance in Uma and Furcifer. In taxa where the 

Meckel‘s canal is open throughout, a dedicated foramen for the inferior alveolar canal is 

usually absent or making a notch on the anterior margin of the splenial (e.g., Uromastyx).  

191. Anterior mylohyoid foramen: absent (0) / present (1) (Si18, ch. 162). Remarks: The 

anterior mylohyoid foramen transmits the anterior branch of the mylohyoid nerve (Oelrich 

1956). It is usually quite smaller than the anterior inferior alveolar foramen. In some taxa, 

as Sphenodon and Uromastyx, the mylohyoid nerve is transmitted via the Meckel‘s canal, 

so dedicated foramina for this nerve are in fact absent. 

192. Posterior mylohyoid foramen: absent (0) / present (1) (Co08, ch. 175; Si18, ch. 163). 

Remarks: The posterior mylohyoid foramen represents the passage for the posterior 

branch of the mylohyoid nerve, and its ventral margin is a site of attachment for the m. 
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mandibulohyoideus (Oelrich 1956). It can be visible in medial or ventral view in 

articulated jaws. This foramen is open on the posterior end of the ventral margin of the 

dentary in Anolis, where the dentary is extended to almost reach the retroarticular process. 

 

DENTITION  

Marginal teeth 

I set two landmarks to best assess dentition characters in our ingroup. The anterior marginal 

dentition landmark is set to the most anterior (circumsymphyseal) dentary teeth, or teeth at the 

premaxilla-maxilla contact. The posterior marginal dentition landmark is set to the most 

posterior dentary teeth (at the end of the tooth row). Many iguanians show important differences 

between anterior and posterior marginal dentition in several aspects: from a different geometry 

of tooth implantation (mostly acrodontans), to a variation in number of crown cusps (both 

acrodontans and pleurodontans), and/or to the extent and position of the opening of the pulp 

cavity (see Haridy (2018) and LeBlanc et al. (2020) for further details). For example, in 

Conolophus the anterior marginal teeth are tricuspid, but about halfway through the dentary and 

maxillary tooth rows, another cusp is added anteriorly on the crown apex (consistently across all 

the specimens examined here). This implies that the use of two separate landmarks for the 

marginal dentition is necessary to best encompass the variability found in our ingroup. 

Polycuspid anterior marginal teeth are found for instance in Cyclura and Iguana; tricuspid 

anterior marginal teeth are found in Amblyrhynchus and Conolophus. The number of cusps 

remains constant (three) in Amblyrhynchus throughout the tooth row, while it changes in 

Conolophus, as explained above. 

193. Anterior marginal teeth, crown shaft, shape of mesio-distal margins: tapering 

throughout (0) / parallel-sided (1) / flaring (2) (NEW). Remarks: The tooth crown shaft 

can have margins homogeneously tapering towards its apex (state 0), resulting in a conical 

tooth shape, with the margins remaining parallel up to the apex (state 1), or diverging 

towards the apex (state 2). Although state 0 encompasses mostly conical, non-cuspate 

teeth, in some cases, while the margins of the crown shaft keeps tapering throughout, an 

abrupt convergence of the two margins at the apex is still possible (i.e., tapering-sided teeth 

with a monocusp and not simply conical). Hence, this feature is independent from the 
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cuspate or non-cuspate shape of the apex of the crown (next character), as the cuspate 

condition can be present in any of these states. 

194. Anterior marginal teeth, crown apex, shape: conical (0) / monocuspid (1) / tricuspid (2) 

/ polycuspid (3) / spatulate (4) (NEW). Remarks: State 0 accounts for a simple conical 

tooth shape, as seen for some acrodontans. The tooth crown can have a single cusp, where 

the apical margins of the crown abruptly converge to form a monocusp (state 1), or also 

have accessory anterior and posterior cusps (state 2 if only three cusps; state 3 if more than 

three cusps). State 4 accounts for the slightly flat to rounded, spatulate condition seen for 

instance in Isodontosaurus, Jeddhardhan and Gueragama. In this taxa, the shape of the 

crown apex changes along the row from fairly round to flat. This is likely related to the 

tooth life cycle, with crowns getting flatter due to increased wearing. This would suggest a 

slow to none replacement rate of the teeth, considering that at least in Isodontosaurus and 

Gueragama resorption pits are present (while they appear absent in Jeddhardhan). 

195. Posterior marginal teeth, crown shaft, shape of mesio-distal margins: tapering 

throughout (0) / parallel-sided (1) / flaring (2) (NEW). Remarks: See remarks for 

character 193. 

196. Posterior marginal teeth, crown apex, shape: conical (0) / monocuspid (1) / tricuspid (2) 

/ polycuspid (3) / spatulate (4) (NEW). Remarks: See remarks for character 194.  

197. Posterior marginal teeth, resorption pits: absent (0) / present (1) (E88, ch. 85; G12, ch. 

431; Si18, ch. 207). Remarks: This character accounts for one of the major differences 

between acrodonts and pleurodonts (as tooth implantation types and not taxonomic 

groups). Acrodonts have no pits and teeth are added posteriorly, stopping early in ontogeny 

(see Haridy 2018), while pleurodonts have resorption pits and keep replacing teeth 

throughout life. The character on ‗replacement mode‘ in Si18, in addition to this character, 

is not included here because in my dataset, when resorption pits are absent, the alternative 

replacement mode is always by adding teeth posteriorly (at least until a certain stage in 

ontogeny). In Si18, the character on replacement mode makes sense because snakes for 

instance have no (visible) resorption pits, but teeth are still replaced continuously (but from 

within the pulp cavity). None of the dentary fragments available for Arretosaurus show the 

presence of pits. Mimeosaurus tugrikinensis has resorption pits, which are well-exposed for 

the maxillary teeth. 
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198. Posterior dentary teeth, position relative to jaw labial wall: apicolingual (0) / apical (1) 

(Si18, ch. 210 - modified). Remarks: This character accounts for the geometrical 

relationships between teeth and jaw bone. In state 0, the teeth attach to the apex and base of 

the jaw (e.g., Iguana, Pogona), independently from the presence (e.g., Pogona) or absence 

(e.g., Iguana) of a mineralized wall on the lingual side of the tooth. This roughly 

corresponds to the so-called pleurodont-type tooth implantation (e.g., Owen 1840-1845; 

Peyer 1968; Tomes 1874; LeBlanc et al. 2017; 2020; Bertin et al. 2018). State 1 describes 

the condition where teeth are implanted along the top of the jaw bone (e.g., Chamaeleo, 

Furcifer), referred to as acrodont implantation (se.g., Owen 1840-1845; Peyer 1968; 

Tomes 1874; Haridy 2018; Bertin et al. 2018). I interpreted these character states 

differently from Si18, based on recent studies on tooth implantation in acrodontan and 

pleurodontan iguanians (Buchtová et al. 2013; Haridy 2018; LeBlanc et al. 2020). A third 

state could be added to this character, accounting for a full lingual implantation, where the 

teeth lack any contact with the apex of the jaw bone and are set in grooves or sockets along 

the top of the subdental shelf (i.e., thecodont implantation1: e.g., Owen 1840-1845; Peyer 

1968; Tomes 1874; Bertin et al. 2018; LeBlanc et al. 2020). This last condition is not 

included here because does not characterize any of my OTUs. See also discussions in the 

main manuscript. The image below exemplify state 0 and 1 adopted in this study.  
 

 

State 0 - apicolingual 
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State 1 – apical 

 

199. Posterior dentary teeth, root, dentine labial wall: present (0) / absent (1). Remarks: 

When the dentine wall of the tooth root is absent, the teeth are highly asymmetrical, as 

seen for instance in Iguana and Amblyrhynchus. When the teeth are more symmetrical, 

labial and lingual walls of the teeth are both present (e.g., Sphenodon, Furcifer). For more 

information see LeBlanc et al. (2020). 

 

Palatal teeth 

200. Palatine teeth: absent (0) / present (1) (E88, ch. 82). Remarks: Present in Sphenodon, 

while absent in the ingroup. 

201. Pterygoid teeth: absent (0) / present (1) (E88, ch. 83). Remarks: Pterygoid teeth are 

typically absent in Acrodontans, but also for instance in Dipsosaurus and Conolophus. In 

Amblyrhynchus, there is a small number of pterygoid teeth, sometimes only on one side of 

the skull, or fully absent in some specimens. This is in contrast with Iguana for instance, 

where the teeth are microscopic, numerous, and always present. 

202. Pterygoid teeth, crown apex, shape: non-cuspate (0) / monocuspid (1) / tricuspid (2) / 

polycuspid (3) (NEW). Remarks: See remarks for character 194.  

 

HYOID 

For the hyoid, I adopted the terminology used by Tanner & Avery (1982).  

203. Epihyal: absent (0) / present (1) (NEW). Remarks: Absent in some chamaeleonids. 
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204. Epihyal, anteromedial process: absent (0) / present (1) (G12, ch. 452 - modified). 

Remarks: Anteromedial bulge or flange of the epihyal found for instance in Pristidactylus 

and Cyclura; absent in Sauromalus.  

205. Epihyal, anterolateral process: absent (0) / present (1) (G12, ch. 452 - modified). 

Remarks: Anterolateral flange of the epihyal found for instance in Gekko, while absent in 

Brachylophus and Sauromalus. 

206. Epihyal, posterolateral process: absent (0) / present (1) (G12, ch. 453 - modified). 

Remarks: Posterolateral flange of the epihyal found for instance in Varanus, but absent in 

most OTUs. 

207. Ceratobranchial-I, posteroventral flange: absent (0) / present (1) (NEW). Remarks: 

This flange is present for instance in Phrynosoma. Absent in most OTUs. 

208. Ceratobranchial-II: absent (0) / present (1) (E88, ch. 91). Remarks: The second 

ceratobranchial is absent for instance in Chamaeleo while present in Cyclura and 

Brachylophus. 

209. Ceratobranchials-II, shape: diverging (0) / parallel (1) (NEW). Remarks: The two 

second ceratobranchials are parallel for instance in Anolis carolinensis, Agama and 

Brachylophus, while diverging in Sauromalus and Pristidactylus. When parallel, the two 

ceratobranchials sometimes contact each other for most of their length. 
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Postcranium 

AXIAL SKELETON 

Atlas and axis 

210. Atlas, neural arches: separate (0) / sutured to each other (1) / sutured to axis neural spine 

(2) (Si18, ch. 220). Remarks: The character refers to the relationships between the two 

atlas neural arches, which remain separate in most lizards, and also to the axis neural spine 

that in few cases is sutured to the two atlas neural arches (see character remarks in Si18 for 

further details). 

 

Iguana iguana - cervicals I to IV. The atlas arches are sutured to the axis neural spine. 

  

Amblyrhynchus - cervicals I to V. The atlas arches are sutured to each other but not to the axis neural spine. 
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211. Atlas, neural arch, postzygapophyses: absent (0) / present (1) (L97, ch. 106; Si18, ch. 

221). Remarks: Absent for instance in Spheonodon and Oplurus, while present in 

iguanids.  

212. Atlas, neural arch, synapophyses, orientation: posterior (0) / posteroventral (1) (NEW). 

Remarks: The synapophyses of the atlas neural arches are posteriorly oriented for instance 

in Ctenosaura and Furcifer, while posteroventral in Phrynosoma and Sphenodon.  

213. Axis, connection to intercentrum(a): to intercentrum 2 only (0) / to intercentra 2 and 3 

(1) (Si18, ch. 225). Remarks: The axis contacts both intercentra 2 and 3 for instance in 

Cyclura and Iguana, while the contact is limited to intercentrum 2 in Furcifer and 

Chamaeleo.  

214. Axis, intercentrum, fusion to axial pleurocentrum: unfused (0) / fused (1) (Si18, ch. 

226). Remarks: Unfused for instance in Sphenodon and Gephyrosaurus, while fused in 

most other OTUs. This character is deeply affected by late ontogeny. In medium-size 

specimens of Cyclura and Iguana the two elements are separate, while they are clearly 

fused in large size individuals of both taxa. In Ctenosaura, axis intercentrum and 

pleurocentrum are fused also in fairly small specimens. There is also variation in fusion  

215. Axis, ribs: present (0) / absent (1) (Si18, ch. 227). Remarks: Present for instance in 

Megachirella, while absent in most OTUs.  

 

Postaxial presacral vertebrae (cervicals + dorsals) 

The limit cervical-dorsal series is set at the first anterior presacral vertebra with ribs that 

articulate to the sternum (i.e., first dorsal), following Hoffstetter & Gasc (1969). Anterior 

presacral region refers to the most posterior cervical vertebrae and most anterior dorsal vertebrae, 

at the transition between cervical and dorsal region. In this part, most vertebral features are not 

easily discernable between cervical and dorsal vertebrae, and more differences are actually found 

with the posterior dorsal region (= posterior presacral vertebrae). Some characteristics, like the 

margo ventralis and lateralis, tend to be present in the anterior presacral region and then 

disappear more posteriorly along the column in some taxa. Hence, the necessity to set different 

landmarks throughout the vertebral column, where traditional regionalization in cervical, dorsal, 

etc. can be more ambiguous. Each specific case is addressed in the different characters with 

relative examples. 
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216. Cervical vertebrae, intercentrum, articulation: intervertebral (0) / to preceding 

corresponding pleurocentrum (1) (E88, chh. 97-98; Si18, ch. 238 - modified). Remarks: In 

state 0, the intercentra articulate between consecutive vertebrae, at the level of the 

condyles. In state 1, the intercentra articulate to their matching vertebral centrum, which is 

anterior (preceding) to the intercentrum in question.  

217. Cervical vertebrae, pleurocentrum, midventral ridge: absent (0) / present (1) (Si18, ch. 

231). Remarks: A median ridge, with a more or less pointed apex, between the 

hypapophysis and the cotyle (almost reaching the cotyle) can be present on the ventral 

surface of the cervical pleurocentra (e.g., Hoffstetter & Gasc 1969). Present for instance in 

Physignathus, absent in Furcifer.  

218. Dorsal vertebrae, intercentrum: absent (0) / present (1) (B85, ch. L5; Si18, ch. 239). 

Remarks: Present in Gekko and Sphenodon; absent in most OTUs.  

219. Posterior dorsal vertebrae, pleurocentrum, midventral ridge: absent (0) / present (1) 

(Si18, ch. 232). Remarks: A blunt ridge (with two well-developed grooves on the sides) 

can be visible on the ventral surface of the dorsal vertebrae. Present for instance in Iguana 

and Ctenosaura, while absent in Cyclura and Furcifer.  

220. Presacral vertebrae, pleurocentrum, shape: amphicoelous (0) / procoelous (1) (Si18, ch. 

228 - modified). Remarks: Lack of condyles (i.e., amphicoelous condition of presacral 

pleurocentra) is found for instance in Sphenodon and Gekko, while most OTUs have 

procoelic presacrals.  

221. Presacral vertebrae, pleurocentrum, precondylar constriction: absent (0) / present (1) 

(E88, ch. 94; Si18, ch. 233). Remarks: A constriction can be present anterior to the 

condyle in some taxa, like Physignathus and Uromastyx. The character is inapplicable 

when there are no condyles (i.e., presacral pleurocentra are amphicoelous; see Si18 for 

further remarks).  

222. Anterior presacral vertebrae, pleurocentrum, cotyle-synapophysis crest: absent (0) / 

present (1) (NEW). Remarks: This is a crest that can be present between the synapophysis 

and the lateral/ventrolateral margin of the cotyle, and usually at the cervical-dorsal 

vertebrae transition. The crest tends to disappear posteriorly in all taxa, so I set the 

landmark to the most anterior presacrals. Present in Ctenosaura, absent in Furcifer. In 

Ctenosaura, this crest is present for all the cervicals and most of the anterior dorsal series 
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but not in the most posterior presacrals. In Iguana, the crest disappears almost right after 

the cervical series (i.e., the first one or two dorsals can have a crest but most of the dorsals 

do not have this crest). 

223. Posterior presacral vertebrae, pleurocentrum, cotyle-synapophysis crest: absent (0) / 

present (1) (NEW). Remarks: See remarks for previous character.  

224. Posterior presacral vertebrae, pleurocentrum, synapophysis-condyle crest (= margo 

ventralis): absent (0) / present (1) (Si18, ch. 234 - modified). Remarks: This is a crest that 

can be present between the synapophysis and the lateral/lateroventral margin of the 

condyle: see Hoffstetter & Gasc (1969). This character is best assessed in the dorsal series, 

as the crest is too variable in the cervical series, affected by the variation in size of the 

synapophyses which increases posteriorly. Absent for instance in Furcifer, present in 

Iguana and Ctenosaura. In Cyclura this crest is quite blunt but still visible.  

225. Presacral vertebrae, neural arch, zygosphenes and zygantra: absent (0) / present (1) 

(LC00, Ch. 186; Si18, ch. 248). Remarks: Absent for instance in Furcifer, present in 

Iguana.   

226. Presacral vertebrae, neural arch, zygosphenes, orientation: facing dorsolaterally (0) / 

facing ventrolaterally (1) (LC00, ch. 187; Si18, ch. 249). Remarks: Considering the 

position in articulation of the vertebrae, the zygosphene articular facet faces either 

dorsolaterally (transversal to the prezygapophysis articular facet) or ventrolaterally (facing 

the prezygapophysis articular facet). This character can be also scored if only the zygantra 

on the posterior surface of the vertebra are visible: to match the states of the current 

character, the zygantra facing ventromedially correspond to state 0 (dorsolaterally facing 

zygosphenes), while the zygantra facing dorsomedially correspond to state 1 

(ventrolaterally facing zygosphenes). 

227. Mid-anterior presacral vertebrae, neural arch, prezygapophysis-synapophysis crest: 

absent (0) / present (1) (Be97, ch. 103 - modified). Remarks: Present in Ctenosaura, 

Iguana and Furcifer. In some taxa this crest easily disappears more posteriorly (e.g., 

Iguana, Furcifer), while is more consistent throughout the presacral series in others (e.g., 

Ctenosaura). Absent for instance in Gekko and Leiocephalus. 

228. Mid-anterior presacral vertebrae, neural arch, prezygapophysis-postzygapophysis 

crest (= margo lateralis): absent (0) / present (1) (Si18, ch. 251). Remarks: This crest 
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connects the prezygapophysis to the postzygapophysis, as shown in Hoffstetter & Gasc 

(1969; Fig. 69). Present in Ctenosaura, Iguana, and Stenocercus, while absent in Furcifer. 

This crest tends to disappear more posteriorly in the presacral series, with the most 

posterior dorsals consistently lacking a margo lateralis (e.g., Iguana). The crest also seems 

more prominent in younger/smaller size individuals and more blunt in more skeletally 

mature/larger individuals of the same species (e.g., Cyclura cornuta, Ctenosaura similis). 

The margo lateralis appears incomplete on most vertebrae that display this crest in 

Cyclura: an evident crest starts at the prezygapophysis but does not reach all the way 

posterior to the postzygapophyses, interrupting before the anterior margin of the neural 

spine; the terminal cervicals have a complete crest, but all the dorsals have an incomplete 

one, that tend to disappear posteriorly in the series. 

229. Posterior presacral vertebrae, neural spine: present (0) / absent (1) (Si18, ch. 255). 

Remarks: Absent for instance in Sauromalus, where weak neural spines are visible on the 

most anterior cervicals, then disappear through the rest of the presacral series, and reappear 

behind the sacral vertebrae, (although never prominent).  

230. Mid-posterior presacral vertebrae, neural spine, anterior midline flange: absent (0) / 

present (1) (NEW). Remarks: This fairly thin, midline flange extends from the top of the 

neural spines, all along its anterior margin, and reaches the dorsal margin of the 

zygosphenes. Found for instance in most iguanids (Iguana, Ctenosaura, Cyclura, etc.). 

This midline extension of the anterior margin of the neural spines tends to reduce or 

disappear more posteriorly along the vertebral column (post-sacral to caudal region), and 

sometimes is also quite reduced in the cervical region (e.g., Ctenosaura), while prominent 

throughout the dorsal series. Because of this, I set the landmark to the posterior presacral 

vertebrae, or mid-posterior dorsals. Absent for instance in Furcifer. Inapplicable in 

Sauromalus, where the dorsal neural spines are absent.  

231. Anterior-to-posterior presacral vertebrae, neural spine, height increase: absent (0) / 

present (1) (NEW). Remarks: This accounts for the increase in height along the vertebral 

column of the neural spines in some taxa (e.g., Pogona). The elongation of the neural 

spines is usually more apparent in the mid-posterior region of the presacral series and in 

the intermediate caudal (post-sacral) series.  
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Sacral/cloacal vertebrae  

232. Sacral vertebrae, ribs, distal contact: present (0) / absent (1) (NEW). Remarks: The ribs 

fused to the two sacral vertebrae tend to converge distally in most limbed-lizards to form 

the articular facet for the contact with the posterior process of the ilium (Hoffstetter & 

Gasc 1969; Paparella et al. 2020). As reported by Hoffstetter & Gasc (1969) the contacting 

ribs can also fuse in some lizards (e.g., geckos), and I observed this to be the case for 

instance in Basiliscus (pers. obs.). In some iguanians, the two sacral ribs never meet 

distally and contact the ilium separately, like for instance in Furcifer.  

233. Sacral vertebra II, ribs, mid-distal posterior process: absent (0) / present (1) (NEW). 

Remarks: Two vertebrae with ribs articulating with the ilium are present in all ingroup-

outgroup (i.e., presence of two sacral vertebrae). On the ribs of the second sacral vertebra, 

approximately halfway along the posterior margin of the rib, or more distally, a process 

projecting posterolaterally can be present, as for instance in Iguana and Pogona. Present 

also in Chamaeleo and Gekko, while absent in Furcifer and Brachylophus fasciatus. 

 

Post-sacral/caudal vertebrae  

234. Intermediate-to-posterior caudal vertebrae, transverse processes: present as single (0) 

/ present as double (1) / absent (2) (F&E89, ch. 34 - modified). Remarks: Independently 

from the presence or absence of fracture planes, amongst our OTUs there is variation in the 

number of transverse processes present in the mid/intermediate caudal series. I define this 

region as the portion of the tail posterior to the anteriormost post-sacral vertebrae with 

fused ribs (sensu Malashichev 2001 and Paparella et al. 2020). Previous authors 

(Etheridge, 1967; Etheridge and de Queiroz, 1988; Frost & Etheridge 1989) have 

recognised that paired transverse processes can be present and usually (but not always) 

with fracture planes in between, as for instance in Iguana. In other taxa, the fracture planes 

are present and single transverse processes are located either anteriorly or posteriorly to 

them. This character should be assessed on complete tails only, since the number of 

intermediate caudals with double transverse processes can be very limited (as low as three 

throughout the tail in some specimens). The character is scored as unknown in most fossil 

taxa.  
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235. Intermediate-to-posterior caudal vertebrae, intravertebral autotomic septa (= 

fracture planes): absent (0) / present (1) (P86, ch. 52; Pr88, ch. 30; F&E89, ch. 41; Si18, 

ch. 236). Remarks: Transverse fracture planes usually associated with caudal autotomy 

can be present on the caudal vertebrae of several iguanians (and lizards in general), and 

their presence is highly variable within each subgroup (e.g., Etheridge 1967; Hoffstetter & 

Gasc 1969; Frost & Etheridge 1989). Moreover, few taxa have been described to possess a 

single autotomic vertebra, but most squamates have multiple intermediate caudals with 

intravertebral fracture planes (e.g., Etheridge 1967; Hoffstetter & Gasc 1969). As many 

lizards can shed their tail through intervertebral autotomy, the absence of transversal 

fracture planes on the caudals does not necessarily translate in the lack of the ability to 

autotomize their tails (Etheridge 1967; Arnold 1984). Similarly, not all the taxa with 

fracture planes actually shed their tails (see Etheridge 1967). In Amblyrhynchus and 

Conolophus, smaller size individuals can have septa on some intermediate caudals, but in 

larger size specimens the septa are usually sutured and a faint line can be seen sometimes 

on part of the vertebra, usually at the pleurocentrum-neural arch transition and between the 

double transverse processes.  

236. Anterior-to-intermediate caudal vertebrae, haemal arches (= chevrons), articulation: 

between pleurocentra (0) / with posterior pleurocentrum via articulatory facet (1) / with 

posterior pleurocentrum via haemapophyses (2) (P86, ch. 54; Si18, ch. 243). Remarks: 

The chevrons articulate between pleurocentra for instance in Furcifer and Sauromalus. 

There is some overlapping for these character states. In Amblyrhynchus the chevrons are 

suspended between pleurocentra contacting the condyle of the preceding vertebra, while 

few vertebrae actually show weak facets along the posteroventral margin of the centrum. In 

Conolophus there are actual facets for most intermediates. Haemapophyses are present in 

Uma and Holbrookia. The haemapophyses are known in the literature also as pedicels or 

pedestals. 
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Amblyrhynchus - chevrons articulating between pleurocentra, with weak facets present in some vertebrae. 

 

 

Polychrus - chevron facets present along the posteroventral margin of the pleurocentrum. 

 

Ribs  

237. Mid-anterior presacral ribs, anteroventral process at rib head: absent (0) / present (1) 

(L98, ch. 187; Si18, ch. 263). Remarks: A preaxial/anteroventral tuberculum can be 

present close to the head of the ribs in some taxa (e.g., Hoffstetter & Gasc 1969). In most 

cases, this process can be prominent for some ribs along the trunk and then fade away 
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posteriorly (e.g., Amblyrhynchus). The position is slightly variable: in Basiliscus for 

instance, this process is often at the same level of the rib head, while in Amblyrhynchus is 

clearly behind it.  

238. Posteriormost presacral ribs: present (0) / absent (1) (Si18, ch. 265). Remarks: Some 

taxa lack ribs on the posteriormost dorsal vertebrae, right before the sacral region (e.g., 

Hofstetter & Gasc 1969).  

239. Sacral vertebrae, ribs, distal forking: absent (0) / on first sacral rib only (1) / on first and 

second sacral ribs (2) / on second sacral rib only (3) (Lee98, ch. 189; Si18, ch. 267). 

Remarks: There is no distal forking of sacral ribs for instance in Furcifer; both sacral ribs 

are grooved in Amblyrhynchus and Pogona; only the first sacral rib is forked in Basiliscus 

and Brachylophus; in Gekko, the first sacral rib is expanded but not forked, while the 

second one is forked.  

240. Anteriormost post-sacral (= caudal) ribs, lymphapophyses: absent (0) / present (1) 

(NEW). Remarks: Many iguanians have one or more vertebrae bearing distally grooved or 

forked ribs following the two sacrals. These grooved ribs are for the support of the lymph 

hearts, as for the cloacal vertebrae in snakes (e.g., Hoffstetter & Gasc 1969). This shows 

that the presence of vertebrae with lymphapophyses is independent from the 

presence/absence of sacral vertebrae and from the presence/absence of distal forking in the 

sacral ribs (Hoffstetter & Gasc 1969; Paparella et al. 2020). For these reasons, I treated the 

conditions as separate.  

  

Amblyrhynchus - lymphapophysis (i.e., forked postsacral vertebra). 
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Gastralia 

241. Gastralia: present (0) / absent (1) (Si18, ch. 342). Remarks: Present in Sphenodon and 

Megachirella (Simoes et al. 2018). Gastralia are absent in all the other OTUs and are not to 

be confused with inscriptional ribs (see Si18, ch. 342 for further details). 

 

Sternum 

  

Conolophus - complete sternum (presternum + mesosternum + xiphisternum). The presternum has 4 ribs attached on 

each side. 

 

242. Presternum, ribs: present (0) / absent (1) (NEW). Remarks: There are no sternal ribs on 

the presternum or presternum + mesosternum in some chamaeleonids. Sternal ribs in this 

case attach to the expanded xiphisternum.  

243. Preternum, number of rib attachments: five (0) / four (1) / three (2) / two (3) / one (4) 

(G12, ch. 483 - modified). Remarks: This character accounts for how many ribs attach to 

one side of the presternum. Inapplicable when presternal ribs are absent.  
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244. Presternum, fontanelle: absent (0) / present (1) (E88, ch. 121; G12, ch. 481). Remarks: 

The sternum of squamates consists of a presternum, a mesosternum and a xiphisternum (cf. 

Estes et al. 1988; Russell & Bauer 2008; see figure above). Absent in Iguana and 

Ctenosaura, present in Pogona.  

245. Presternum, fontanelle, number: single (0) / double (1) (G12, ch. 482). Remarks: 

Double for instance in Pogona and Leiolepis, while single in Leiocephalus.  

246. Xiphisternum: present (0) / absent (1) (G12, ch. 484; Si18, ch. 272). Remarks: When 

present, the xiphisternum represents a posterior projection from the mesosternum (see 

figure above). Absent for instance in Leiolepis; present and expanded chamaeleons. 

 

APPENDICULAR SKELETON  

Pectoral girdle  

Scapula  

247. Scapula, glenoid-shaft transition, constriction: absent (0) / present (1) (G12, ch. 489 - 

modified). Remarks: The margins of the scapula tend to vary from fairly straight and 

continuous (e.g., Sauromalus, Iguana) to constricted (e.g., Furcifer, Uranoscodon) at the 

glenoid-shaft transition, forming in the latter case an evident neck behind the glenoid head.  

248. Scapula, supraglenoid foramen: absent (0) / present (1) (Si18, ch. 275). Remarks: 

Foramen located posterodorsal to the glenoid region of the scapula. Widely present 

amongst iguanians; absent for instance in Sceloporus.  

249. Scapula, scapular ray: absent (0) / present (1) (E88, ch. 111; Si18, ch. 277). Remarks: 

Presence/absence of the scapular ray determines whether or not there is a scapular fenestra 

(cf. Russell & Bauer 2008; Estes et al. 1988). Present for instance in Iguana and 

Uranoscodon, while absent in Sauromalus and Furcifer. Present and expanded in 

Amblyrhynchus, leaving between the main scapular shaft and the scapular ray a foramen 

rather than a large fenestra. Present but reduced in Anolis.  

250. Scapula, acromion (= anterodorsal) process: absent (0) / present (1) (Si18, ch. 278). 

Remarks: In many squamates, an anterior expansion can be present on the preaxial margin 

of the scapula main shaft (usually involving also the suprascapular cartilage) and pointing 

towards the scapular ray (when this is present) or clavicle. Present for instance in Iguana 

and Cyclura, absent in Furcifer.  
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Coracoid 

251. Coracoid, emargination(s): absent (0) / anterior emargination only (1) / anterior and 

ventral emarginations (2) (P86, chh. 56-57; Estes et al. 1988, ch. 112-113; Si18, ch. 284- 

modified). Remarks: Considering the pectoral elements in their articulated position, the 

emargination(s) of the coracoid can be present along the anterior-to-ventral margin of the 

bone (e.g., Russell & Bauer 2008). Two emarginations are present for instance in Cyclura 

and Ctenosaura, a single emargination is found in Polychrus and Phrynosoma, while no 

emargination in Furcifer.  

252. Epicoracoid cartilage: present (0) / absent (1) (Si18, ch. 286). Remarks: The epicoracoid 

is present as calcified cartilage in most lepidosaurs, but can be absent in some iguanians 

(e.g., Furcifer, Trioceros).  

253. Epicoracoid cartilage, contact with mesoscapula-suprascapula: absent (0) / present (1) 

(E88, ch. 114; L05, ch. 271; G12, ch. 498 - modified). Remarks: The epicoracoid cartilage 

shows some variation in extension amongst lepidosaurs. This element can reach up to 

contact the mesoscapula-suprascapula (i.e., the most dorsal portion of the scapula, away 

from the glenoid region) in some taxa (state 1), while being more reduced in others (state 

0) (cf. Russell & Bauer 2008; Estes et al. 1988). This character is inapplicable when the 

epicoracoids are absent.  

 

Interclavicle 

254. Interclavicle: absent (0) / present (1) (E88, ch. 118). Remarks: An ossified interclavicle 

between the cartilaginous sternum is absent for instance in Furcifer and Trioceros. Present 

in most other OTUs.  

255. Interclavicle, anterior process: absent (0) / present (1) (P86, ch. 59; E88, ch. 120; G12, 

ch. 507; Si18, ch. 293). Remarks: Absent for instance in Iguana and Cyclura, present in 

Ctenosaura similis and Uromastyx. When present, this process is more commonly just an 

anterior tubercle rather than a well-developed and elongated projection, with the exception 

of Gekko amongst our OTUs.  

256. Interclavicle, posterior process: present (0) / absent (1) (Si18, ch. 294). Remarks: 

Absent in Phrynosoma.  
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Clavicle 

257. Clavicle: present (0) / absent (1) (E88, ch. 115; L05, ch. 207). Remarks: Absent for 

instance in Furcifer and Chamaeleo, present in Iguana and Agama.  

258. Clavicle, proximoventral fenestra: absent (0) / present (1) (LC00, ch. 218; L05, ch. 209; 

G12, ch. 500; Si18, ch. 288). Remarks: When there is no fenestration in the proximal 

region of the clavicle, the bone is simply rod-like throughout its extension (e.g., 

Uromastyx, Sauromalus), or poorly expanded proximally. In state 1 (e.g., Pristidactylus, 

Gekko), a fenestra is usually associated with a greatly expanded proximal region of the 

clavicles, bearing a single opening on each side (cf. Lee 2005).   

259. Clavicle, posterolateral flange: absent (0) / present (1) (Si18, ch. 289). Remarks: A 

flange along the mid-posterior margin of the clavicle is visible for instance in Leiocephalus 

and Amblyrhynchus, while absent in Iguana and Conolophus. 

260. Clavicle, ventral process: absent (0) / present (1) (NEW). Remarks: A pointed process is 

present on the proximoventral margin of the clavicle in Basiliscus.  
 

 

Basiliscus basiliscus - clavicle fenestra and ventral process. 

 

261. Clavicle, distal end, contact: with scapula and suprascapula (0) / with suprascapula only 

(1) / with scapula only (2) (G12, ch. 503 - modified). Remarks: The distal articulation of 
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the clavicle is directly with the scapula for instance in Physignathus, while for instance in 

Iguana and Uranoscodon the clavicle insert into a notch along the anterior margin of the 

suprascapular cartilage. When the articulation is with the suprascapula, a notch is evident 

along the anterior margin of this element (close to its contact with the scapula), allowing to 

score for this character even if the elements are disarticulated.  
 

 

Ctenosaura similis - contact of clavicle to suprascapular cartilage only. 

 

Pelvic girdle  

Ilium  

262. Ilium, preacetabular process: present (0) / absent (1) (B85, ch. J12; Si18, ch. 298). 

Remarks: This process extends anteroventrally from the anterior margin of the ilium to 

partially overlap the pubis. Also referred to as anterior pubic process of the ilium (e.g., 

Russell & Bauer 2008; Simoes et al. 2018). Absent for instance in Furcifer and 

Chamaeleo, while present in most OTUs. In fossils, to be scored as unknown when the 

degree of fusion between the three elements of the pelvic girdle prevents a clear 

assessment.  

263. Ilium, supracetabular process: absent (0) / present (1) (L98, ch.208; G12, ch. 521). 

Remarks: This process project anterodorsally from the main shaft of the ilium, as opposed 

to the anteroventral preacetabular process (previous character). It is also referred to as iliac 
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tubercle or spine. See Paparella et al. (2020) for further details. Absent for instance in 

Furcifer and Polychrus.   

264. Ilium, supracetabular process, shape: tapering throughout (0) / blunt (1) (NEW). 

Remarks: Rounded and blunt as in Amblyrhynchus, or tapering into a pointed/conical 

process as in Conolophus and Basiliscus. See Paparella et al. (2020) for further details.  

265. Ilium, sacral process, orientation: posterior (0) / dorsal (1) (G12, ch. 522 - modified). 

Remarks: This is usually referred to as the posterior process of the ilium and it is the 

process that mediates the contact with the sacral ribs (e.g., Hoffstetter & Gasc 1969; 

Paparella et al. 2020). While having usually a posterior or posterodorsal orientation relative 

to the vertebral column, in some taxa this process can be vertical (e.g., Sphenodon) or 

about anterodorsally oriented (Chamaeleo calyptratus: cf. Molnar et al. 2017). The 

variation is particularly evident when looking at the geometrical relationship between the 

main process of the ilium and the ischium or pubis. The dorsal-anterodorsal condition 

seems to be associated with strong lateral body compression and consequent downward 

shifting of the pelvic girdle and hindlimb relative to the vertebral column. In state 1, the 

sacral ribs contact the most dorsal region of the sacral process of the ilium, either 

conjunctly or separately (see character 237 for further details). This is in contrast with the 

position of the ilium-sacrals contact when state 0 is present, which is typically mid-to-

proximal along the iliac sacral process (cf. Paparella et al. 2020).  

266. Ilium, sacral process, medial view, shape: cylindrical (0) / compressed (1) (G12, ch. 523 

- modified). Remarks: This condition has to be assessed behind the articulation with the 

sacral ribs and in medial view, as the lateral surface is overall flat throughout in all OTUs. 

This also allows to score for this condition in articulated as well as disarticulated 

specimens. Laterally compressed as in Furcifer and Saichangurvel, or cylindrical as in 

Cyclura and Iguana. See Paparella et al. (2020) for further details.  

 

Pubis  

267. Pubis, anterior process: absent (0) / present (1) (B85, ch. J11; Si18, ch. 301). Remarks: 

Also known as pubic tubercle or anterior tubercle of the pubis (e.g., Russell & Bauer 2008; 

Si18). Absent for instance in chamaeleons, while present in Sphenodon. Holbrookia has no 

anterior process but the anterior flange is present (see next character). 
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268. Pubis, anterior flange: absent (0) / present (1) (NEW). Remarks: The anterior margin of 

the pubis can bear a simple projection, as in Phrynosoma, or also a flange connecting this 

projection to the symphyseal end of the pubis, as in most OTUs. This condition appears 

independent from the presence or absence of the anterior process of the pubis.  

269. Pubis, distal end (= symphyseal process), shape: flaring (0) / columnar (1) (D&C93, ch. 

125 ; G12, ch. 513). Remarks: In state 0, the pubic dorsal end is expanded, as for instance 

in Furcifer, while in state 1, the pubic shaft is straight or slightly tapers distally, as for 

instance in Iguana and Sauromalus. This condition has to be assessed on the pubic shaft 

and independently from the anterior pubic process and its flange (when these are present).  

 

Ischium 

270. Ischium, posterior process: absent (0) / present (1) (G12, ch. 517; Si18, ch. 304). 

Remarks: Also known as posterior tubercle of the ischium or ischiadic/ischial tuberosity 

(e.g., Russell & Bauer 2008; Si18). Absent in Chamaeleo and Furcifer.  

271. Ischium, posterior flange: absent (0) / present (1) (NEW). Remarks: A bony flange can 

be present between the posterior process and the symphyseal end of the ischium, as in 

Iguana, Cyclura and Ctenosaura. This condition appears independent from the presence or 

absence of the posterior process of the ischium. Absent for instance in Sauromalus.  

272. Hypoischium, foramen: absent (0) / present (1) (G12, ch. 519). Remarks: This foramen 

can be present on the hypoischial cartilage, posteriorly to the contact between the two 

ischia. Present for instance in Pristidactylus and Anolis, while absent in Ctenosaura and 

Cyclura.  

 

Anterior stylopodium  

Humerus 

273. Humerus, ectepicondylar foramen: notch or groove (0) / complete foramen (1) (E88, ch. 

122; Si18, ch. 307 - modified). Remarks: State 1 encompasses any form of incomplete, 

not-fully-open foramen. The ectepicondylar foramen is represented by a groove on the 

anteroventral margin of the distal humeral end in Furcifer and Iguana, while fully open in 

Ctenosaura and Cyclura. In E88, chamaeleontids are described as lacking completely this 



400 

foramen, but I found it present as a notch or complete in all the chamaeleonids included in 

this analysis.  

274. Humerus, dorso-distal flange: absent (0) / present (1) (NEW). Remarks: A flange along 

the dorsal margin of the humerus is present distally (from the level of the ectepicondylar 

foramen to about mid-shaft) in Gekko and Varanus.  
 

 

Polychrus (left) and Gekko (right) showing respectively absence and presence of the humerus dorsodistal flange. 

 

275. Humerus, entepicondylar foramen: absent (0) / notch or groove (1) / complete foramen 

(2) (Si18, ch. 309 - modified). Remarks: State 1 encompasses any form of incomplete, 

not-fully-open foramen. This foramen is located on the posterior/posterodorsal surface of 

the distal end of the humerus. Present and fully open in Iguana, Ctenosaura, and Furcifer. 

Present as a shallow notch in Sauromalus. Absent for instance in Varanus.  

276. Humerus, expanded radial condyle (= capitellum): present (0) / absent (1) (Si18, ch. 

310). Remarks: The radial condyle is expanded for instance in Sphenodon and 

Arretosaurus. 
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Arretosaurus - expanded radial condyle. 

277. Humerus, expanded entepicondyle: present (0) / absent (1) (NEW). Remarks: An 

expanded entepicondyle is commonly present amongst our OTUs (and squamates in 

general). Absent for instance in Furcifer.  

 

Anterior zeugopodium  

Radius  

278. Radius, distal epiphysis, styloid process: absent (0) / present (1) (G88, ch. 59; G12, ch. 

534; Si18, ch. 316). Remarks: The main contribution to this process is from the epiphysis, 

and an asymmetrical margin of the distal end of the radius is visible on the diaphysis to a 

minor extent when this process is present. In absence of articulated epiphyses, this 

character should be scored as unknown. Present in most OTUs. Absent in Sphenodon and 

Megachirella.  

 

Ulna  

279. Ulna, olecranon process: absent (0) / present (1) (G88, ch. 107; G12, ch. 532; Si18, ch. 

318). Remarks: Formed on the proximal epiphysis of the ulna. If the epiphyses are 

missing, this character should be scored as unknown. Absent for instance in Furcifer.  
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280. Ulna, distal epiphysis, expansion: absent (0) / present (1) (G88, ch. 58; Si18, ch. 319). 

Remarks: A ball-like expansion of the distal epiphysis of the ulna is present in Furcifer 

and most OTUs, while absent in Sphenodon and Megachirella.  

 

Anterior mesopodium (= carpals)  

For carpals and tarsals terminology and homology, I followed Russel & Bauer (2008), Table 1.7. 

PROXIMAL CARPAL ROW 

Intermedium  

When present, the intermedium is located along the most proximal carpal row, at the level of the 

radiale-ulnare-pisiform, or sometimes more proximally in comparison to radiale and 

ulnare. The central, instead, is part of the middle row. According to Russel & Bauer 

(2008), the intermedium is variably present amongst lizards, with variability found across 

individuals of the same species. Some authors attribute this to the fact that the intermedium 

fuses early in ontogeny to the ulnare, but this fusion is not always complete (e.g., Presch 

1969; Lang 1991; Fisher & Tanner 1970; Camp 1923; Sewertzoff 1908; Holmgren 1933). 

A different hypothesis is given by Born (1876; 1880), Mohammed (1991), and Mathur 

(1977), for which the intermedium develops in the embryo but then degenerates via 

necrosis before hatching (see also Russel & Bauer 2008).  

281. Carpal intermedium: present (0) / absent (1) (G12, ch. 535; Si18, ch. 321). Remarks: 

Rather than truly absent, the intermedium is argued to fuse to the ulnare or occasionally 

present in adults. Absent for instance in Iguana iguana (see also Russel & Bauer 2008). 

The intermedium is present and large in Sphenodon. A survey about the presence/absence 

of carpal elements in iguanians can be found in Avery & Tanner (1964).  

 

DISTAL CARPAL ROW 

Anterior autopodium (= metacarpals + phalanges)  

Metacarpal I (Mc-I) 

282. Mc-I, proximal epiphysis, expansion: present (0) / absent (1) (NEW). Remarks: This 

character accounts for the expansion of the proximal epiphysis of the first metacarpal 

relative to the shaft. In Si18 (ch. 324) this condition is treated as presence/absence of distal 

carpal I that fuses to the mc-I thus resulting in an apparent expansion of the mc-I epiphysis. 
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However, it is hard to argue for such a fusion in absence of developmental proofs. I believe 

that addressing the shape of the proximal epiphysis of mc-I is easier than assuming the 

presence of a fused dc-I when mc-I has an expanded epiphysis. Expanded for instance in 

Iguana and Furcifer. This character should be scored as unknown when the epiphyses are 

missing (especially in fossils).  

283. Mc-I, mid-shaft, expansion: absent (0) / present (1) (NEW). Remarks: This character 

addresses the modified shape of mc-I and all metacarpals and metatarsals seen for instance 

in chamaeleonids. Arretosaurus also displays an expansion and shortening of mc-I 

(together with the proximal phalanges in this case). In state 1, the mc-I is shorter and 

broader, lacking a mid-shaft constriction, unlike the typical rod-like shape of both 

metacarpals and metatarsals in most other OTUs.  

 

Arretosaurus - short mc-I and proximal phalanges. 
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Posterior stylopodium  

Femur 

284. Femur, internal trochanter: present (0) / absent (1) (G12, ch. 550; Si18, ch. 327). 

Remarks: The lack of the internal trochanter is listed as potential synapomorphy of 

chamaeleontids in Estes et al. (1988), however this feature is not used in that dataset. 

Present for instance in Iguana, absent in Chamaeleo.  

 

Posterior zeugopodium 

Tibia 

285. Tibia, distal epiphysis, notch: absent (0) / present (1) (E88, ch. 123; G12, ch. 555; Si18, 

ch. 330). Remarks: When the notch is present, the distal epiphysis of the tibia appears 

saddle-shaped at the joint with the astragalocalcaneum. If the epiphyses are not preserved 

(either in fossils or skeletonized specimens that may have been affected by preparation), 

the character must be scored as missing data. Present for instance in Gekko, absent in most 

OTUs.  

 

Posterior mesopodium (= tarsals)  

Tarsals in lizards are divided in proximal (astragalus-calcaneum) and distal (distal tarsal II, III, 

IV) rows: see Russel & Bauer (2008). 

PROXIMAL TARSAL ROW 

Astragalus-calcaneum  

286. Astragalus-calcaneum: separate (0) / fused (1) (B85, ch. X10; Si18, ch. 331). Remarks: 

The degree of fusion between the astragalus and calcaneum amongst iguanians is highly 

variable during late ontogeny/skeletal maturity. The elements however remain truly 

separate only in Uromastyx. 

287. Astragalus, dorsal margin, notch: absent (0) / present (1) (Be97, ch. 140 - modified). 

Remarks: The dorsal margin of the astragalus represents the distal border of the 

crurotarsal foramen. A concavity or notch along this margin is found for instance in 

Sphenodon, while absent in Iguana and Furcifer, where the dorsal margin is straight.  

288. Calcaneum, posterolateral process: present (0) / absent (1) (Si18, ch. 333). Remarks: 

The lateral process of the calcaneum is best assessed in proximal view, while usually less 



405 

prominent in dorsal view (cf. Russell & Bauer 2008). When present, a sub-squared 

projection is visible along the lateral margin of the calcaneum, just besides the deflected 

fibular facet. Present for instance in Sauromalus and Iguana, absent in Basiliscus and 

Furcifer.  

289. Astragalus-calcaneum, distal surface, tarsal facet: double (0) / single (1) (NEW). 

Remarks: The contact with distal tarsal IV can be present via two notches (e.g., 

Ctenosaura, Iguana) or via a single notch (e.g., Chamaeleo, Sphenodon) along the distal 

surface of the astragalocalcaneum (fused or not fused). When the contact is double, one 

notch is only on the astragalus, while the second notch is close to the astragalus-calcaneum 

contact, although usually mainly on the calcaneum. This character is best assessed in 

posterior view.  

 

Posterior autopodium (= metatarsals + phalanges)  

Metatarsals 

290. Mt-V, proximal end, hooked expansion: absent (0) / present (1) (B85, ch. C14; Si18, ch. 

340). Remarks: The proximal end of metatarsal V is typically expanded in most lizards, 

assuming a hooked shape in preaxial/postaxial view (e.g., Snyder 1954; Russell & Bauer 

2008). Absent for instance in chameleons, where all metatarsals have the same shape.  

291. Mt-V, proximal end, plantar (= preaxial) tubercle: present (0) / absent (1) (Si18, ch. 

341 - modified). Remarks: There are two plantar tubercles that can be present on the 

ventral surface of the expanded proximal end of the fifth metatarsal: one tubercle is located 

preaxially and referred to as mesial or plantar tubercle; the other tubercle is located 

postaxially (or laterally) (e.g., Russell & Bauer 2008, Fig. 1.20; see next character).  

292. Mt-V, proximal end, postaxial tubercle: present (0) / absent (1) (Si18, ch. 341 - 

modified). Remarks: See remarks for previous character.  

293. Digits, zygodactyly: absent (0) / present (1) (G12, chh. 545, 568 - modified). Remarks: 

Zygodactyly is the condition of the autopodium where opposing sets of digits are present 

(usually with digits 1 to 3 opposing digits 4 and 5). This is typical of chamaeleonids, and as 

opposing digits are never found only either on manus or pes, I constructed a single 

character and treated this condition as a serial homologue. 
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Appendix 5.2 – List of synapomorphies for key clades based on the time-calibrated analysis of 

combined data (TcBI). An asterisk (*) was added to denote clades which composition in my 

analysis is re-defined in comparison to previous studies. For most families of extant iguaniforms, 

synapomorphies are not provided as the taxon sampling is too low to be meaningful. Iguanidae is 

the only exception as one of the main focus of this study. 

 

CHAMAELEONTIFORMES Conrad, 2008 

(Priscagamidae + Acrodonta) 

Char. 9: 1 --> 0 - Palatal flange of the premaxilla absent. 

Char. 10: 0 --> 1 - Premaxillary processes of the maxilla contacting each other. 

Char. 36: 1 --> 0 - Palatine process of the prefrontal does not contact the jugal and/or lacrimal. 

Char. 43: 0 --> 1 - Posteroventral process of jugal present. 

Char. 111: 0 --> 2 - Rostral foramen present. 

Char. 133: 0 --> 1 - Ossified processus ascendens of the supraoccipital present. 

Char. 157: 0 --> 1 - Dentary subdental shelf with ventrolingual flange. 

Char. 158: 1 --> 0 - Dentary lingual wall present. 

Char. 277: 0 --> 1 - Radius distal epiphysis with styloid process. 

Definition: All taxa sharing a more recent common ancestor with Priscagama gobiensis, 

Chamaeleo calyptratus, Agama agama, and Uromastyx hardwickii than with Iguana iguana, 

Corytophanes cristatus, and Stenocercus guentheri.  

 

PRISCAGAMIDAE Borsuk-Białynicka and Moody, 1984 

Char. 81: 1 --> 0 - Postorbital jugal process absent. 

Char. 165: 1 --> 0 - Dentary posterolateral process expanded. 

Definition: All taxa sharing a more recent common ancestor with Priscagama gobiensis, 

Phrynosomimus asper, and Mimeosaurus crassus than with Graminisaurus interruptus, Agama 

agama, and Uromastyx hardwickii. 

 

ACRODONTA Cope, 1864 sensu Frost et al. (2001) 

(Chamaeleonoidea + Dracosauria) 

Char. 4: 1 --> 0 - Maxillary process of the premaxilla absent. 
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Char. 12: 0 --> 1 - Anterodorsal process of the maxilla present. 

Char. 109: 0 --> 1 - Lacrimal duct foramen with contribution from the palatine. 

Char. 190: 1 --> 0 - Anterior inferior alveolar foramen absent. 

Definition: All taxa sharing a more recent common ancestor with Chamaeleo calyptratus, Agama 

agama, and Uromastyx hardwickii than with Priscagama gobiensis, Varanus salvator, Gekko 

gecko, and Iguana iguana. 

 

CHAMAELEONOIDEA* Fitzinger, 1826 

(Changjiangosauridae + Chamaeleonidae) 

Char. 198: 0 --> 1 - Posterior dentary teeth with apical position relative to jaw labial wall. 

Definition: All taxa sharing a more recent common ancestor with Graminisaurus interruptus and 

Chamaeleo calyptratus than with Leiolepis belliana, Agama agama, and Uromastyx hardwickii. 

 

CHANGJIANGOSAURIDAE* (Hou 1976) 

Char. 162: 0 --> 1 - Dentary coronoid process with dorsal expansion. 

Char. 164: 1 --> 0 - Dentary posterolateral process absent. 

Definition: All taxa sharing a more recent common ancestor with Graminisaurus interruptus and 

Lavatisaurus elegans than with Chamaeleo calyptratus and Furcifer oustaleti.  

Notes: The original name for the family coined by Hou (1976) was ‗Changjiangidae‘; this was 

changed to ‗Changjiangosauridae‘ by Estes (1983) and the clade was re-defined by Alifanov 

(2009).  

 

CHAMAELEONIDAE* Rafinesque, 1815 sensu Frost and Etheridge (1989) 

Char. 159: 1 --> 0 - Dentary lingual wall with same height as the labial wall. 

Char. 180: 1 --> 2 - Surangular anterior foramen dorsal relative to posterolateral process of 

dentary. 

Char. 196: 1 --> 2 - Posterior marginal teeth with tricuspid crown apex. 

Definition: All taxa sharing a more recent common ancestor with Chamaeleo calyptratus and 

Furcifer oustaleti than with Graminisaurus interruptus and Lavatisaurus elegans. 
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DRACOSAURIA comb. nov. 

(Uromastyoidea + Agamidae) 

Char. 140: 0 --> 1 - Basioccipital with transverse crest on ventral surface. 

Definition: All taxa sharing a more recent common ancestor with Uromastyx hardwickii, Agama 

agama, and Leiolepis belliana than with Graminisaurus interruptus and Furcifer oustaleti. 

Etymology: Dracosauria meaning ―dragon-like lizards‖, a reference to agamids being commonly 

called ―dragon lizards‖; from the Latin word draco meaning ―huge serpent or dragon‖, and the 

Latinized form of Greek sauros meaning ―lizard‖ (Online Etymology Dictionary, retrieved 15 

March 2021).  

 

UROMASTYOIDEA comb. nov. 

(Leiolepidae + Uromastycidae) 

Char. 21: 0 --> 1 - Septomaxilla with angled lateral margin. 

Char. 33: 0 --> 1 - Prefrontal with dorsolateral boss. 

Char. 80: 1 --> 0 - Anteroventral process of postorbital absent. 

Char. 99: 0 --> 1 - Pterygoid palatine process with bifurcated anterior end. 

Char. 107: 1 --> 0 - Ectopterygoid posterolateral process absent. 

Char. 137: 0 --> 1 - Supraoccipital with dorsolateral ridges. 

Char. 139: 0 --> 1 - Basioccipital with single concavity on ventral surface. 

Char. 144: 0 --> 1 - Orbitosphenoid with concave dorsal margin. 

Definition: All taxa sharing a more recent common ancestor with Leiolepis belliana and 

Uromastyx hardwickii than with Agama agama and Hydrosaurus amboinensis.  

Etymology: Uromasty- referring to the genus Uromastyx, from the Greek word ourá meaning 

―tail‖ and mastix meaning ―whip‖, and –oidea to indicate a clade above the rank of family-level 

(Online Etymology Dictionary, retrieved 15 March 2021).  

 

IGUANIFORMES comb. nov. 

(Gobiguania s.l. + Pleurodonta) 

Char. 30: 0 --> 1 - Foramina present on nasal dorsal surface. 

Char. 165: 1 --> 0 - Dentary posterolateral process not expanded. 

Char. 178: 0 --> 1 – Surangular with lateral adductor crest. 

https://www.etymonline.com/
https://www.etymonline.com/
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Char. 195: 0 --> 2 - Posterior marginal teeth with flaring mesio-distal margins. 

Char. 196: 0 --> 2 - Posterior marginal teeth with tricuspid crown apex. 

Char. 197: 0 --> 1 - Posterior marginal teeth with resorption pits. 

Char. 199: 0 --> 1 - Posterior dentary tooth root without a dentine labial wall.  

Definition: All taxa sharing a more recent common ancestor with Isodontosaurus gracilis, 

Iguana iguana, Corytophanes cristatus, and Stenocercus guentheri than with Priscagama 

gobiensis, Chamaeleo calyptratus, Agama agama, and Uromastyx hardwickii. 

Etymology: Iguaniformes meaning ―iguana-like forms‖; Iguani- referring to the genus Iguana, 

from the Arawakan (West Indies) word iwana meaning ―lizard‖ in the local language, and –

formes from the Latin word forma meaning ―shape, appearance‖ (Online Etymology Dictionary, 

retrieved 15 March 2021).  

 

GOBIGUANIA Conrad & Norell, 2007 

Char. 10: 0 --> 1 - Premaxillary processes of maxilla contacting each other. 

Char. 71: 0 --> 1 - Postfrontal distal process single.  

Char. 128: 0 --> 1 - Squamosal posterodorsal process absent. 

Char. 227: 1 --> 0 - Mid-anterior presacral vertebrae lacking a prezygapophysis-synapophysis 

crest. 

Definition: All taxa sharing a more recent common ancestor with Saichangurvel davidsoni and 

Temujinia ellisoni than with Corytophanes cristatus and Iguana iguana. 

 

PLEURODONTA Cope, 1864 sensu Frost et al. (2001) 

Char. 180: 1 --> 02 - Surangular anterior foramen dorsal to posterolateral process of dentary. 

Char. 201: 0 --> 1 - Pterygoid teeth present. 

Definition: All taxa sharing a more recent common ancestor with Corytophanes cristatus and 

Iguana iguana than with Saichangurvel davidsoni and Isodontosaurus gracilis. 

 

IGUANIDAE Oppel, 1811 sensu Frost and Etheridge (1989) [former Iguaninae sensu Etheridge 

& de Queiroz (1988)] 

Char. 23: 0 --> 1 - Septomaxilla with ventral medial crest. 

Char. 118: 0 --> 1 - Quadrate suprastapedial process present. 

https://www.etymonline.com/
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Char. 137: 0 --> 1 - Supraoccipital dorsolateral ridges present. 

Char. 139: 0 --> 2 - Basioccipital with divided ventral concavity. 

Char. 161: 0 --> 1 - Dentary coronoid process present (without expansion). 

Char. 193: 1 --> 2 - Anterior marginal teeth with flaring mesio-distal margins. 

Char. 194: 1 --> 2 - Anterior marginal teeth with tricuspid crown apex. 

Char. 195: 1 --> 2 - Posterior marginal teeth with flaring mesio-distal margins. 

Char. 209: 1 --> 0 - Hyoid ceratobranchials-II diverging from each other. 

Definition: All taxa sharing a more recent common ancestor with Dipsosaurus dorsalis, Iguana 

iguana, and Amblyrhynchus cristatus than with Corytophanes cristatus, Stenocercus guentheri, 

and Enyalioides laticeps. 
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Appendix 5.3 – Data on iguanian fossil record. 

Table A5.1. Comprehensive list of fossil iguanians with relative information on specimens, 

locality, stratigraphic range, and references. 

Mesozoic    
TAXON SPECIMENS AGE & LOCALITY REFERENCES 

Polrussia 
mongoliensis 

holotype ZPAL 
MgR-I/119; 
referred 
specimen: IGM 
3/73 (MAE 
219/92-45) 

Khulsan, Nemegt Basin, 
Mongolia; Barun Goyot 
Formation, Late Cretaceous 
(?middle Campanian) 

Borsuk-Bialynicka M, and Alifanov V. 1991. 
First Asiatic 'iguanid' lizards in the Late 
Cretaceous of Mongolia. Acta Palaeontologica 
Polonica 36:325-342; 
Gao K, and Norell MA. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118; 
Alifanov VR. 2013. Desertiguana gobiensis 
gen. et sp. nov., a new lizard 
(Phrynosomatidae, Iguanomorpha) from the 
Upper Cretaceous of Mongolia. 
Paleontological Journal 47:417-424. 

Desertiguana 
gobiensis 

holotype PIN no. 
4487/9 

Mongolia, Ömnögov Aimag, 
Khulsan locality; Upper 
Cretaceous, Barun Goyot Fm, 
?Santonian–Campanian 

Alifanov VR. 2013. Desertiguana gobiensis 
gen. et sp. nov., a new lizard 
(Phrynosomatidae, Iguanomorpha) from the 
Upper Cretaceous of Mongolia. 
Paleontological Journal 47:417-424. 

Igua minuta 

holotype ZPAL 
MgR-I/60; 
referred: PIN no. 
4487/8, PIN 
4487/9 

Barun Goyot Formation, Late 
Cretaceous (?middle 
Campanian); Khulsan, 
Nemegt Basin of the Gobi 
Desert, Mongolia 

Borsuk-Bialynicka M, and Alifanov V. 1991. 
First Asiatic ‗iguanid' lizards in the Late 
Cretaceous of Mongolia. Acta Palaeontologica 
Polonica 36:325-342. 

Anchaurosaurus 
gilmorei IVPP V10028 

SCDP surface collections, 
North Canyon area, (Bayan 
Mandahu region), which is in 
a Campanian eolian sandstone 
in the Djadokhta Formation of 
China; 84.9 to 70.6 Ma 

Gao and Hou 1995. Iguanians from the Upper 
Cretaceous Djadochta Formation, Gobi Desert, 
China. Journal of Vertebrate 
Paleontology 15(1):57-78; 
Gao K, and Norell MA. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118. 

Xihaina aquilonia IVPP V10030 

SCDP surface collections, 
Bayan Mandahu/near Bayan 
Mandahu, which is in a 
Campanian eolian 

Gao and Hou 1995. Iguanians from the Upper 
Cretaceous Djadochta Formation, Gobi Desert, 
China. Journal of Vertebrate 
Paleontology 15(1):57-79 
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sandstone/mudstone in the 
Djadokhta Formation of 
China; 84.9 to 70.6 Ma 

Mimeosaurus 
crassus 

holotype AMNH 
6655; referred 
material: IVPP 
V10031-36, IVPP 
V10037; IGM 
3/74 (MAE 
83/93-89), IGM 
3/75 (MAE 
63/93-153), IGM 
3/76 (MAE 96-
105) 

Bayn Dzak (Shabarakh Usu), 
Mongolian Gobi Desert; 
Upper Cretaceous Djadokhta 
Fm (see Gilmore, 1943); 
Campanian on International 
StratChart: 72.1-83.6 

Gao and Hou 1995. Iguanians from the Upper 
Cretaceous Djadochta Formation, Gobi Desert, 
China. Journal of Vertebrate 
Paleontology 15(1):57-80;  
Gao K, and Norell MA. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118; 
Borsuk-Bialynicka and S. M. Moody. 1984. 
Priscagaminae, a new subfamily of the 
Agamidae (Sauria) from the Late Cretaceous 
of the Gobi Desert. Acta Palaeontologica 
Polonica 29:51-81; 
Gilmore CW. 1943. Fossil lizards of 
Mongolia. Bulletin of the American Museum 
of Natural History 81:361-384. 

Mimeosaurus 
tugrikinensis 

holotype PIN 
3143/102 

Tugrikin-Shire locality, Upper 
Cretaceous, Dzhadokht Fm, 
Mongolia, Southern Gobi 
Desert 

Alifanov V. 1989. New Priscagamida 
(Lacertilia) from the Upper Cretaceous of 
Mongolia and their systematic position among 
Iguania. Paleontological Journal 4:68-80. 

Priscagama 
gobiensis 

holotype ZPAL 
MgR-III/32; 
referred material: 
IVPP V10038; 
ZPAL MgR-I/69; 
ZPAL MgR-II/77; 
ZPAL MgR-
II/101; ZPAL 
MgR-III/31-33; 
ZPAL MgR-
III/72; ZPAL 
MgR-III/83; IGM 
3/77 (MAE 
62/93-153), IGM 
3/78 (120/93-93), 
IGM 3/79 (MAE 
130) 

Khermeen Tsav, Mongolian 
Gobi Desert; Upper 
Cretaceous Barun Goyot Fm 

Gao and Hou 1995. Iguanians from the Upper 
Cretaceous Djadochta Formation, Gobi Desert, 
China. Journal of Vertebrate 
Paleontology 15(1):57-80; 
Gao K, and Norell MA. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118; 
Borsuk-Bialynicka and S. M. Moody. 1984. 
Priscagaminae, a new subfamily of the 
Agamidae (Sauria) from the Late Cretaceous 
of the Gobi Desert. Acta Palaeontologica 
Polonica 29:51-81. 

Pleurodontagama 
aenigmatodes 

holotype ZPAL 
MgR-III/35; 
referred: IVPP 
V10039 

 

Gao and Hou 1995. Iguanians from the Upper 
Cretaceous Djadochta Formation, Gobi Desert, 
China. Journal of Vertebrate 
Paleontology 15(1):57-80;  
Borsuk-Bialynicka and S. M. Moody. 1984. 
Priscagaminae, a new subfamily of the 
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Agamidae (Sauria) from the Late Cretaceous 
of the Gobi Desert. Acta Palaeontologica 
Polonica 29:51-81 

Zapsosaurus 
scelifrons 

holotype IGM 
3/71 (MAE 
255/92-10); IGM 
3/72 (MAE 
20/93-15) left 
upper and lower 
jaws (topotypic) 

Tögrögiin Shiree, Campanian 
eolian sandstone in the 
Djadokhta Formation of 
Mongolia 

Gao and M. A. Norell. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118;  
D. G. DeMar, J. L. Conrad, J. J. Head, D. J. 
Varricchio, and G. P. Wilson. 2017. A new 
Late Cretaceous iguanomorph from North 
America and the origin of New World 
Pleurodonta (Squamata, Iguania). Proceedings 
of the Royal Society of London B 
284:20161902:1-7;  
Conrad and M. A. Norell. 2007. A complete 
Late Cretaceous iguanian (Squamata, Reptilia) 
from the Gobi and identification of a new 
iguanian clade. American Museum Novitates 
3584:1-47. 

Isodontosaurus 
gracilis 

holotype AMNH 
6647; referred 
material: Ukhaa 
Tolgod—IGM 
3/84 (MAE 96-
113), IGM 3/85–
3/89 (MAE 
27/93-192, 42/93, 
49/93-163, 
161/93-40, and 
94-16-1); Zos—
IGM 3/90 (MAE 
94-54); 
Tugrugeen 
Shireh—IGM 
3/91 (MAE 
261/92-123), IGM 
3/92 (MAE 
23/93-28), IGM 
3/93, 3/94 (MAE 
221/93-8, 88/93-
19) 

Bayn Dzak (Shabarakh Usu), 
Mongolian Gobi Desert; 
Upper Cretaceous Djadokhta 
Fm; Bayn Dzak, Bayan 
Mandahu, Ukhaa Tolgod, Zos, 
and Tugrugeen Shireh 
localities (Gilmore, 1943; 
Alifanov, 1993a; Gao and 
Hou, 1996; Gao & Norell 
2000) 

Gilmore. 1943. Fossil lizards of Mongolia. 
Bulletin of the American Museum of Natural 
History 81(4):361-384;  
Gao and M. A. Norell. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118. 

Saichangurvel 
davidsoni 

holotype IGM 
3/858 

Ukhaa Tolgod, 
Campanian/Maastrichtian 
eolian sandstone/mudstone in 
the Djadokhta Formation of 
Mongolia; 84.9 to 66.043 Ma 

Conrad and M. A. Norell. 2007. A complete 
Late Cretaceous iguanian (Squamata, Reptilia) 
from the Gobi and identification of a new 
iguanian clade. American Museum Novitates 
3584:1-47; DeMar, J. L. Conrad, J. J. Head, D. 
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J. Varricchio, and G. P. Wilson. 2017. A new 
Late Cretaceous iguanomorph from North 
America and the origin of New World 
Pleurodonta (Squamata, Iguania). 

Pristiguana 
brasiliensis 

holotype DGM 
552 
Divisao de 
Geologia e 
Mineralogia no. 
552 
 
(DGM, Museu de 
Ciencias da Terra, 
Companhia de 
Pesquisa de 
Recursos 
Minerais, Rio de 
Janeiro, Rio de 
Janeiro State, 
Brazil) 
 
The specimen is 
lost: see Simoes et 
al. 2017, Table 1. 

Minas Gerais, Brazil; Price 
Quarry 1 (Caieira quarry), 
which is in a Maastrichtian 
fluvial sandstone in the 
Marília Formation of Brazil; 
70.6 to 66.043 Ma 

Estes and L. I. Price. 1973. Iguanid lizard from 
the Upper Cretaceous of 
Brazil. Science 180:748-751. 
Borsuk-Bialynicka, M. & Moody, S.M. 1984. 
Priscagaminae. A new subfamily of the 
Agamidae (Sauria) from the Late Cretaceous 
of the Gobi Desert. Acta Palaeontologica 
Polonica, 29(1-2): 51-81. 
Daza, J.D., Abdala, V., Arias, J.S., García-
López, D. & Ortiz, P. 2012. Cladistic analysis 
of Iguania and a fossil lizard from the Late 
Pliocene of northwestern Argentina. Journal of 
Herpetology, 46(1): 104-119. 

Temujinia ellisoni 

holotype IGM 
3/63 (MAE 
121/93-93); 
referred 
specimens: IGM 
3/64–3/69 (MAE 
145/94-40, 75/93-
89, 235/93-130, 
319/93-147, 
39/93-90, MAE 
94-37), IGM 3/70 
(MAE 19/93-6) 

Ukhaa Tolgod (AMNH), 
which is in a 
Campanian/Maastrichtian 
eolian sandstone/mudstone in 
the Djadokhta Formation of 
Mongolia; 84.9 to 70.6 Ma 

Gao and M. A. Norell. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118 

Ctenomastax parva 

holotype IGM 
3/61 (MAE 
89/93-70); 
referred 
specimens IGM 
3/62 (MAE 131) 

Zos, Nemegt Basin, 
Mongolian Gobi Desert; 
Upper Cretaceous Djadokhta 
Fm 

Gao and M. A. Norell. 2000. Taxonomic 
composition and systematics of Late 
Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118 

Flaviagama 
dzerzhinskii 

holotype PIN 
3143/101 

Dzhadokht Fm, Tugrik 
(Tugrikin-Shire) locality, 
Upper Cretaceous, Mongolia, 
Southern Gobi Desert 

Alifanov V. 1989. New Priscagamida 
(Lacertilia) from the Upper Cretaceous of 
Mongolia and their systematic position among 
Iguania. Paleontological Journal 4:68-80. 

Phrynosomimus 
asper 

holotype PIN No. 
3142/318; 

Khermeen Tsav locality; 
Upper Cretaceous Barun 

Gao and M. A. Norell. 2000. Taxonomic 
composition and systematics of Late 



415 

referred material: 
IGM 3/81 (MAE 
258/92-63), IGM 
3/82 (MAE 96-
31), IGM 3/83 
(MAE 152/93-40) 

Goyot Fm, Mongolian Gobi 
Desert; Barun Goyot 
Formation Khermeen Tsav 
and Khulsan localities; 
Djadokhta Formation Ukhaa 
Tolgod 

Cretaceous lizard assemblages from Ukhaa 
Tolgod and adjacent localities, Mongolian 
Gobi Desert. Bulletin of the American 
Museum of Natural History 249:1-118. 

Jeddaherdan 
aleadonta 

holotype 
MNHN.F.MRS51
.1 

Cenomanian (Late 
Cretaceous) beds fromthe 
Kem Kem region of 
Southeastern Morocco, Gara 
Tabroumit 

Apesteguia S, Daza JD, Simoes TR, and Rage 
JC. 2016. The first iguanian lizard from the 
Mesozoic of Africa. Royal Society Open 
Science 3:160462. 10.1098/rsos.160462 

Gueragama 
sulamericana 

holotype CP.V 
2187  
 
(CENPALEO, 
Universidade do 
Contestado, 
Mafra, Santa 
Catarina State, 
Brazil) 

Cruzeiro do Oeste, Paranà 
State, Brazil; Goio-Ere Fm, 
Caiua´ Group, Bauru Basin; 
Turonian-Campanian, Late 
Cretaceous 

Simões TR, Wilner E, Caldwell MW, 
Weinschütz LC, and Kellner AWA. 2015. A 
stem acrodontan lizard in the Cretaceous of 
Brazil revises early lizard evolution in 
Gondwana. Nature Communications 6:1-8. 
DOI: 10.1038/ncomms9149 

Tikiguania estesi 

holotype GSI type 
Pal/CHQ-010 
 
(Geological 
Survey of India 
Central 
Palaeontological 
Repository Unit, 
Kolkata, India) 

original: Late Triassic 
(Carnian) Tiki Fm of the 
South Rewa Gondwana basin 
near the village of Tiki (23º 
64.15‘ N, 81° 22‘ E), Shadol 
district, Madhya Pradesh, 
India; current: Quaternary, 
Late Tertiary (Hutchinson et 
al. 2012) 

Datta and S. Ray. 2006. Earliest lizard from 
the Late Triassic (Carnian) of India. Journal of 
Vertebrate Paleontology 26(4):795-800; 
Hutchinson MN, Skinner A, and Lee MSY. 
2012. Tikiguania and the antiquity of 
squamate reptiles (lizards and snakes). 
Biology Letters 8:665-669. 
10.1098/rsbl.2011.1216. 

Magnuviator 
ovimonsensis 

holotype MOR 
6627 (Museum of 
the Rockies) 

type locality Egg Mountain, 
Teton County, MT, USA; 
Upper Cretaceous 
(Campanian; ca 75.5+0.40 
Ma; Two Medicine Fm, Teton 
County, northwestern 
Montana, USA 

DeMar DG, Conrad JL, Head JJ, Varricchio 
DJ, and Wilson GP. 2017. A new Late 
Cretaceous iguanomorph from North America 
and the origin of New World Pleurodonta 
(Squamata, Iguania). Proc R Soc B: The Royal 
Society. p 20161902. 

Parauromastyx 
gilmorei 

holotype ZPAL 
5/301  
(lost) 

Bayan Zag (= Bayn Dzak, 
Shabarakh Usu GILMORE, 
1943), Ömnögov (South 
Gobi), Mongolia; Djadochta 
Fm, Middle Campanian Stage, 
Senonian Subepoch, Gulf 
Epoch, Late Cretaceous 

Alifanov V. 2004. Parauromastyx gilmorei 
gen. et sp. nov. (Isodontosauridae, Iguania), a 
new lizard from the Upper Cretaceous of 
Mongolia. PALEONTOLOGICAL 
JOURNAL C/C OF 
PALEONTOLOGICHESKII ZHURNAL 
38:206-210. 

Brasiliguana 
prudentis 

holotype MN 
7230-V  
 
(Coleção de 
Paleovertebrados, 

Adamantina Formation, Bauru 
Group, Turonian-Santonian, 
Upper Cretaceous; Presidente 
Prudente Municipality, west 
São Paulo State, southeast 

Nava WR, and Martinelli AG. 2011. A new 
squamate lizard from the Upper Cretaceous 
Adamantina Formation (Bauru Group), São 
Paulo State, Brazil. Anais da Academia 
Brasileira de Ciencias 83:291-299. 
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Museu Nacional, 
Rio de Janeiro, 
Brazil) 

Brazil Albino, A.M. & Brizuela, S. 2014. First record 
of squamate reptiles from the Oligocene of 
South America. Alcheringa, 38(3): 412-421. 

Pariguana 
lancensis 

holotype AMNH 
22208 

Lance Formation 
(Maastrichtian) of Wyoming; 
 
Type locality is Bushy Tailed 
Blowout, which is in a 
Lancian terrestrial shale in the 
Lance Formation of 
Wyoming. 
Age range: 70.6 to 66.043 Ma 

Longrich NR, Bhullar BAS, Gauthier JA 
(2012a) Mass extinction of 
lizards and snakes at the Cretaceous–
Paleogene boundary. Proc 
Natl Acad Sci USA 109(52):21396–21401; 
Nydam RL. 2013. Squamates from the 
Jurassic and Cretaceous of North America. 
Palaeobiodiversity and Palaeoenvironments 
93:535-565; 
Simões TR, Caldwell MW, Weinschütz LC, 
Wilner E, and Kellner AWA. 2017. Mesozoic 
Lizards from Brazil and Their Role in Early 
Squamate Evolution in South America. 
Journal of Herpetology:307-315. 10.1670/16-
007. 

Conicodontosaurus 
kanhsienensis 

holotype IVPP 
V.4021 ? 

Young. 1973. [On a Mesozoic lizard from 
Kanhsien, Kiangsi]. Vertebrata PalAsiatica 
11(1):44-45. 

Conicodontosaurus 
djadochtaensis 

holotype AMNH 
6519 

Shabarakh Usu (AMNH loc. 
12049), Campanian eolian 
sandstone in the Djadokhta 
Fm of Mongolia 

Gilmore CW. 1943. Fossil lizards of 
Mongolia. Bulletin of the American Museum 
of Natural History 81:361-384; 
Gao KQ, and Hou LH. 1996. Systematics and 
taxonomic diversity of squamates from the 
Upper Cretaceous Djadochta Formation, 
Bayan Mandahu, Gobi Desert, People's 
Republic of China. Canadian Journal of Earth 
Sciences 33:578-598. 

Chamaeleognathus 
iordansky 

holotype PIN 
3142/345 

Its type locality is Khermeen 
Tsav, Red Beds [SMPE] (PIN 
coll. 3142), which is in a 
Campanian terrestrial horizon 
in the Barun Goyot Formation 
of Mongolia. 
 
Age range: 84.9 to 70.6 Ma 

Alifanov. 1996. Lizards of the families 
Priscagamidae and Hoplocercidae (Sauria, 
Iguania): phylogenetic position and new 
representatives from the Late Cretaceous of 
Mongolia. Paleontological Journal 30(4):466-
483. 

Gladidenagama 
semiplena 

holotype PIN 
3142/319 

Its type locality is Khermeen 
Tsav, Red Beds [SMPE] (PIN 
coll. 3142), which is in a 
Campanian terrestrial horizon 
in the Barun Goyot Formation 
of Mongolia. 
 
Age range: 84.9 to 70.6 Ma 

Alifanov. 1996. Lizards of the families 
Priscagamidae and Hoplocercidae (Sauria, 
Iguania): phylogenetic position and new 
representatives from the Late Cretaceous of 
Mongolia. Paleontological Journal 30(4):466-
483. 

Morunasius 
modestus 

holotype PIN 
3142/317 

Its type locality is Khermeen 
Tsav, Red Beds [SMPE] (PIN 

Alifanov. 1996. Lizards of the families 
Priscagamidae and Hoplocercidae (Sauria, 
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coll. 3142), which is in a 
Campanian terrestrial horizon 
in the Barun Goyot Formation 
of Mongolia. 

Iguania): phylogenetic position and new 
representatives from the Late Cretaceous of 
Mongolia. Paleontological Journal 30(4):466-
483. 

Xianglong zhaoi 

holotype LPM 
000666 
(Liaoning 
Paleontological 
Museum, China) 

Zhuanchengzi locality, near 
Yizhou, Liaoning Province, 
China. The horizon of the find 
is the Lower Cretaceous 
Zhuanchengzi Bed of the 
Yixian Formation 

Li, P.-P., Gao, K.-Q., Hou, L.-H. & Xu, X. A 
gliding lizard from the Early Cretaceous of 
China. Proc. Natl. Acad. Sci. USA 104, 5507-
5509 (2007). 

 

 

Cenozoic    
TAXON SPECIMENS AGE & LOCALITY REFERENCES 

Babibasiliscus 
alxi 

holotype UWBM 
89090 
 
UWBM, Burke 
Museum of 
the University of 
Washington (Seattle, 
WA) 

Lucky Lizard Locality 
(UWBM C1046), Uinta 
County, Wyoming. 
Blacks Fork Member of 
Bridger Formation (Bridger 
B), Green River Basin, late 
Early Eocene, 
approximately 48 Ma 

Conrad JL (2015) A New Eocene Casquehead 
Lizard (Reptilia, Corytophanidae) from North 
America. PLoS ONE 10(7): e0127900. 
doi:10.1371/journal.pone.0127900 

Khaichinsaurus 
reshetovi 

holotype PIN no. 
3107/227; 3107/229 
(maxillary fragment 
without teeth), 230–
232 (dentary 
fragments) 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
FM, Khaich Member 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124 

Changjiangosaur
us huananensis 

holotype IVPP 
V4451 

Upper Paleocene terrestrial 
horizon in the Wanghudun 
Fm of China; 66.043 to 61.7 
Ma; 
 
Fossil pit 71001, about 150 
m southeast of Wangdawu, 
Huangpu 
Village, Qianshan County, 
Anhui; Lower Member, 
Wanghudun Formation 
(Early Paleocene)(Dong et 
al. 2016) 

Hou. 1976. New materials of Palaeocene 
lizards of Anhui. Vertebrata PalAsiatica 
14(1):44-52; 
Dong L, Evans S, and Wang Y. 2016. 
Taxonomic revision of lizards from the 
Paleocene deposits of the Qianshan Basin, 
Anhui, China. Vertebrata PalAsiatica 54:243-
268. 

Lentisaurus 
giganteus PIN no. 3107/226 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
Formation, Khaich Member 
 
Age: (33.9,47.8) 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124 



418 

Graminisaurus 
interruptus PIN no. 3107/234 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
Fm, Khaich Member 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124 

Agamimus 
gracilis 

holotype PIN no. 
3107/280; 3107/276–
279 (maxillae) and 
281–306 (dentaries) 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
Fm, Khaich Member 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124 

Lavatisaurus 
elegans 

holotype PIN no. 
3107/257; PIN 
3107/252–256, 258–
275 (dentaries) 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
Fm, Khaich Member 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124.  

Acrodontopsis 
robustus 

holotype PIN no. 
3107/246; PIN 
3107/235–245 and 
247–251 (dentary 
fragments) 

Mongolia, Umnegov Aimag, 
Khaichin Uul 2 locality; 
Middle Eocene, Khaichin 
Fm, Khaich Member 

Alifanov VR. 2009. New acrodont lizards 
(Lacertilia) from the Middle Eocene of 
southern Mongolia. Paleontological Journal 
43:675-685. 10.1134/S0031030109060124.  

Dornosaurus 
gobiensis 

holotype PIN, no. 
3107/321; specimens 
PIN, nos. 3107/322, 
323; PIN, nos. 
3107/307, 314–320 

Mongolia, Ömnögovi 
Aimag, Khaychin Ula 2 
locality; Middle Eocene, 
Khaychin Formation, 
Khaych Member 

Alifanov. 2012. Lizards of the family 
Arretosauridae Gilmore, 1943 (Iguanomorpha, 
Iguania) from the Paleogene of Mongolia. 
Paleontological Journal 46(4):412-420. 

Khaichinguana 
eocaenica 

holotype PIN, no. 
3107/308; specimens 
PIN, nos. 3107/309–
313, 3107/324–328 

Mongolia, Ömnögovi 
Aimag, Khaychin Ula 2 
locality; Middle Eocene, 
Khaychin Formation, 
Khaych Member 

Alifanov. 2012. Lizards of the family 
Arretosauridae Gilmore, 1943 (Iguanomorpha, 
Iguania) from the Paleogene of 
Mongolia. Paleontological Journal 46(4):412-
420. 

Ergiliinsaurus 
postumus 

holotype PIN, no. 
4751/3 

Mongolia, Doronogov 
Aimag, Khoer Dzan locality; 
Lower Oligocene, Ergiliin 
Zoo Formation (upper 
alluvial member) 

Alifanov. 2012. Lizards of the family 
Arretosauridae Gilmore, 1943 (Iguanomorpha, 
Iguania) from the Paleogene of 
Mongolia. Paleontological Journal 46(4):412-
420. 

Arretosaurus 
ornatus 

holotype AMNH 
6706 
 
referred: AMNH 
6708, 6716 

Twin Obo (Ulan Gochu 
horizon), Oligocene 
terrestrial horizon in the 
Ulan Gochu Formation of 
China;  
 
up.Eocene-lw.Oligocene 
 

Gilmore. 1943. Fossil lizards of Mongolia. 
Bulletin of the American Museum of Natural 
History 81(4):361-384. 
Alifanov. 2012. Lizards of the family 
Arretosauridae Gilmore, 1943 (Iguanomorpha, 
Iguania) from the Paleogene of 
Mongolia. Paleontological Journal 46(4):412-
420. 

Hemishinisaurus 
latifrons 

holotype IVPP 
V9595.1 

Yuanqu, Eocene terrestrial 
horizon in the Hedi 
Formation of China 

Li. 1991. Fossil reptiles from Zhaili member, 
Hedi Formation, Yuanqu, Shanxi. Vertebrata 
PalAsiatica 29(4):276-285; 
Alifanov. 2012. Lizards of the family 
Arretosauridae Gilmore, 1943 (Iguanomorpha, 
Iguania) from the Paleogene of 
Mongolia. Paleontological Journal 46(4):412-
420. 
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Tinosaurus 
stenodon 

holotype YPM 615; 
 
referred: AMNH 
3822, 3823, 9000, 
15776, 15777 

type locality is Henry's Fork 
Hill (Bridger C), Bridgerian 
terrestrial horizon in the 
Bridger Fm of Wyoming 
 
Eocene: see Murphey et al. 
2011 for the stratigraphic 
age 

Marsh 1872; see also Gilmore 1943 and 
Prasad & Bajpai 2008 
Gilmore CW. 1943. Fossil lizards of 
Mongolia. Bulletin of the American Museum 
of Natural History 81:361-384; 
Prasad GVR, and Bajpai S. 2008. Agamid 
Lizards From The Early Eocene of Western 
India: Oldest Cenozoic Lizards From South 
Asia. Palaeontologia Electronica 11:1-20. 
Murphey PC, Townsend KEB, Friscia AR, 
Evanoff E, Lee J, and Evans JP. 2011. 
Paleontology and stratigraphy of middle 
Eocene rock units in the Bridger and Uinta 
Basins, Wyoming and Utah.  Geologic Field 
Trips to the Basin and Range, Rocky 
Mountains, Snake River Plain, and Terranes of 
the US Cordillera: Geological Society of 
America, 125-166. 

Tinosaurus 
indicus 

holotype 
IITR/SB/VLM/ 904; 
referred: 
IITR/SB/VLM 1051, 
IITR/SB/VLM 748, 
IITR/SB/VLM 820, 
IITR/SB/VLM 1040 
 
Referred material: 
GU/RSR/VAS-2008, 
2015, 2037-2039, 
2051- 
2052, GU/RSR/VAS-
2016-18, 2022-2023, 
2025-2026 

Lower Eocene Cambay 
Shale of Vastan Lignite 
Mine, District, Surat, 
Gujarat 
state, India 
 
Cambay Shale Formation, 
early to middle Ypresian, 
Early Eocene, Vastan 
Lignite Mine, Surat District, 
Gujarat, India 

Prasad GVR, and Bajpai S. 2008. Agamid 
Lizards From The Early Eocene of Western 
India: Oldest Cenozoic Lizards From South 
Asia. Palaeontologia Electronica 11:1-20; 
Rana RS, Augé M, Folie A, Rose KD, Kumar 
K, Singh L, Sahni A, and Smith T. 2013. High 
diversity of acrodontan lizards in the early 
Eocene Vastan lignite mine of India. 
Geologica Belgica 16:290-301. 

Tinosaurus 
asiaticus 

holotype AMNH 
6717 

type locality is Chimney 
Butte, North Mesa, Eocene 
terrestrial horizon in the 
Ulan Shireh Formation of 
Mongolia 
 
Age range: 48.6 to 37.2 Ma 

Gilmore CW. 1943. Fossil lizards of 
Mongolia. Bulletin of the American Museum 
of Natural History 81:361-384. 

Uromastyx 
europaeus 

holotype MNHN No. 
QU 17160 

Type locality is Phosphorites 
du Quercy (for taxa with 
non-specific locality data), 
Eocene/Miocene terrestrial 
phosphorite in the Quercy 
Phosphorites Formation of 
France; 33.9 to 28.4 Ma 

Augé. 2005. Evolution des lézards du 
Paléogène en Europe. Mémoires du Muséum 
national d'histoire naturelle 192:1-369.  

Barbaturex holotype UCMP Paleogene; type locality is Head JJ, Barrett PM, and Rayfield EJ. 2009. 
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morrisoni 142227 (University 
of California 
Museum of 
Paleontology); 
referred material: 
UCMP 128388, 
128410, 130290, 
130291, 130292; 
NMMP-KU 0092, 
1923, 1924–1926 

UCMP V96009; Thandaung 
kyitchaung, Pondaung 
Formation, northwest of 
Mogaung village, Sagaing 
District, Myanmar; Fossil-
bearing beds of the 
Pondaung Formation near 
the village of Bahin have 
been dated to 37.2 ± 1.3 Ma 

Neurocranial osteology and systematic 
relationships of Varanus (Megalania) prisca 
Owen, 1859 (Squamata: Varanidae). 
Zoological Journal of the Linnean Society 
155:445-457. 10.1111/j.1096-
3642.2008.00448.x. 

Vastanagama 
susani (susanae) 

holotype IITR/ SB/ 
VLM 1050; referred: 
IITR/SB/VLM/793, 
IITR//SB/VLM/ 886; 
 
Vastanagama susanae 
Prasad and Bajpai, 
2008 Holotype: IIT-
1050; Referred 
material: 
GU/RSR/VAS-2001-
2002, GU/RSR/VAS-
2003, GU/RSR/VAS-
2007, GU/RSR/VAS-
2031 

Lower Eocene Cambay 
Shale of Vastan Lignite 
Mine, District Surat, Gujarat 
state, India; 
 
Cambay Shale Formation, 
early to middle Ypresian, 
Early Eocene, Vastan 
Lignite Mine, Surat District, 
Gujarat, India 

Prasad GVR, and Bajpai S. 2008. Agamid 
Lizards From The Early Eocene of Western 
India: Oldest Cenozoic Lizards From South 
Asia. Palaeontologia Electronica 11:1-20; 
Rana RS, Augé M, Folie A, Rose KD, Kumar 
K, Singh L, Sahni A, and Smith T. 2013. High 
diversity of acrodontan lizards in the early 
Eocene Vastan lignite mine of India. 
Geologica Belgica 16:290-301. 

Armandisaurus 
explorator 

holotype AMNH-
FAM 8799 

Tesuque Fm, Skull Ridge 
Member, White Operation 
Ridge, Santa Fe County, 
New Mexico, USA; 11.6-
16.5 Ma, Miocene 

Norell MA, and Queiroz Kd. 1991. The 
earliest iguanine lizard (Reptilia: Squamata) 
and its bearing on iguanine phylogeny. Amer 
museum novitates 2997. 

Geiseltaliellus 
longicaudus holotype GM 4043 

early to late Eocene of 
Europe (MP7-19:Augé 
2005); type locality is 
Geiseltal, Ce III, Grube 
"Cecilie", which is in a 
Lutetian lacustrine coal in 
Germany; 48.6 to 40.4 Ma 

Kuhn 1944; 
Augé 2005; 
Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Geiseltaliellus 
grisolli 

holotype MNHN GRI 
17405 

early to late Eocene of 
Europe (MP7-19:Augé 
2005); type locality is 
Grisolles, which is in a 
Bartonian mire/swamp 
limestone in the Calcaire de 
Saint-Ouen Formation of 
France; 40.4 to 37.2 Ma 

Augé. 2005. Evolution des lézards du 
Paléogène en Europe. Mémoires du Muséum 
national d'histoire naturelle 192:1-369. 
Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Geiseltaliellus 
lamandini 

holotype MNHN No. 
QU 17739 

early to late Eocene of 
Europe (MP7-19:Augé 
2005); Type locality is 

Filhol, H. 1877. Recherches sur les 
Phosphorites du Quercy. Pt. II. Annales 
Sciences Géologiques, 8:1-338. 
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Phosphorites du Quercy (for 
taxa with non-specific 
locality data), which is in an 
Eocene/Miocene terrestrial 
phosphorite in the Quercy 
Phosphorites Formation of 
France; 37.2 to 33.9 Ma 

Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Geiseltaliellus 
pradiguensis 

holotype 
referred: IPS 56093, 
IPS 56094, IPS 
59521, IPS 59523 

Sossis (Eocene of Spain), 
37.2 to 33.9 Ma 

Augé, M. 2007. Past and present distribution 
of iguanid lizards. Arquivos do Museu 
Nacional, Rio de Janeiro, 65:403-416. 
Bolet A, and Evans SE. 2013. Lizards and 
amphisbaenians (Reptilia, Squamata) from the 
late Eocene of Sossís (Catalonia, Spain). 
Palaeontologia Electronica 16:8A. 

Geiseltaliellus 
maarius 

holotype HLMD-Me 
10207; referred: SMF 
ME 2, 1769, 2684, 
2938 

early to late Eocene of 
Europe (MP7-19:Augé 
2005); HLMD pit 14, middle 
Messel Fm, middle Eocene 
(MP 11); temporal range of 
pit is 160 Kyr; 

Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Capitolacerta 
dubia 

holotype GM 4005; 
referred: GM 4001, 
GM 4002; 
 
(synonymized with 
G. longicaudus by 
Estes 1983a, also 
confirmed by 
Rossmann 2000 and 
Smith 2009) 

Geiseltal Ce IV 

Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Cadurciguana 
hoffstetteri 

holotype USTL, ECC 
2502; referred:  
USTL, SND625 
 
USTL Université 
Montpellier 2, 
Sciences et 
Techniques du 
Languedoc 

type locality is Escamps C, 
which is in a MP 19 karst 
phosphorite in France; 37.2 
to 33.9 Ma 

Augé, M. 1987. Confirmation de la présence 
d‘Iguanidae (Reptilia, Lacertilia) dans 
l‘Eocène européen. Comptes Rendus de 
l‘Académie des Sciences, Paris, 305:633-636. 
Bolet A, Daza JD, Auge M, and Bauer AM. 
2015. New genus and species names for the 
Eocene lizard Cadurcogekko rugosus Augé, 
2005. Zootaxa 3985:265-274. 

Pseudolacerta 
mucronata 

holotype presumed 
lost, MNHN 

type locality is Phosphorites 
du Quercy (for taxa with 
non-specific locality data), 
which is in an 
Eocene/Miocene terrestrial 
phosphorite in the Quercy 
Phosphorites Formation of 
France; Eocene to Miocene, 
37.2 to 33.9 Ma 

Rage. 1988. Le gisement du Bretou 
(Phosphorites du Quercy, Tarn-et-Garonne, 
France) et sa faune des vertebres de l'Eocene 
superieur; 1. Amphibiens et reptiles. 
Palaeontographica Abteilung A 205(1-6):3-27. 
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Pseudolacerta 
quercyini 

holotype MNHN 
BRT 1413 

type locality is Le Bretou, 
which is in a Bartonian karst 
phosphorite in France; 
Eocene to Miocene of 
France, 37.2 to 33.9 Ma 

Augé. 2005. Evolution des lézards du 
Paléogène en Europe. Mémoires du Muséum 
national d'histoire naturelle 192:1-369. 

Heterodontagam
a borsukae 

holotype 
GU/RSR/VAS-2035; 
Paratype: 
GU/RSR/VAS-2036; 
Referred material: 
GU/RSR/VAS-2046, 
GU/RSR/VAS-2050 

Early Eocene, Vastan 
Lignite Mine, Gujarat, India; 
Cambay Shale Formation, 
early to middle Ypresian, 
Early Eocene, Vastan 
Lignite Mine, Surat 
District, Gujarat, India 

Rana RS, Augé M, Folie A, Rose KD, Kumar 
K, Singh L, Sahni A, and Smith T. 2013. High 
diversity of acrodontan lizards in the early 
Eocene Vastan lignite mine of India. 
Geologica Belgica 16:290-301. 

Suratagama 
neeraae 

Holotype: 
GU/RSR/VAS-2030; 
Referred material: 
GU/RSR/VAS-2033, 
GU/RSR/VAS-2040 

Cambay Shale Formation, 
early to middle Ypresian, 
Early Eocene, Vastan 
Lignite Mine, Surat District, 
Gujarat, India 

Rana RS, Augé M, Folie A, Rose KD, Kumar 
K, Singh L, Sahni A, and Smith T. 2013. High 
diversity of acrodontan lizards in the early 
Eocene Vastan lignite mine of India. 
Geologica Belgica 16:290-301. 

Indiagama 
gujarata 

holotype 
GU/RSR/VAS-2009 

Cambay Shale Formation, 
early to middle Ypresian, 
Early Eocene, Vastan 
Lignite Mine, Surat District, 
Gujarat, India 

Rana RS, Augé M, Folie A, Rose KD, Kumar 
K, Singh L, Sahni A, and Smith T. 2013. High 
diversity of acrodontan lizards in the early 
Eocene Vastan lignite mine of India. 
Geologica Belgica 16:290-301. 

Lapitiguana 
impensa 

holotype MNZ 37015  
 
(Museum of New 
Zealand Te Papa 
Tongarewa) 

Voli Voli Cave (Qara-ni-
vokai Site) near Sigatoka, 
Viti Levu, Fiji, Southwest 
Pacific. Late Quaternary 

Pregill GK, and Worthy TH. 2003. A new 
iguanid lizard (Squamata, Iguanidae) from the 
late Quaternary of Fiji, Southwest Pacific. 
Herpetologica 59:57-67. 

Brachylophus 
gibbonsi 

holotype UF 212300 
 
UF, Florida Museum 
of Natural History 

Excavation unit 17, level 11, 
Faleloa Archaeological Site, 
Foa Island, Ha'apai Group, 
Kingdom of Tonga; Late 
Holocene, approximately 
2800 years B.P. 

Pregill GK, and Steadman DW. 2004. South 
Pacific iguanas: human impacts and a new 
species. Journal of Herpetology:15-21. 

Tinosaurus 
doumuensis 

holotype IVPP V 
4453 

Fossil pit 71018, 150 m 
southwest of Chongliwu, 
Huangpu Village, Qianshan 
County, Anhui; Upper 
Member, Doumu Formation 
(Middle Paleocene) 

Hou L H, 1974. Paleocene lizards from Anhui, 
China. Vert PalAsiat, 12(3): 193–202; 
Dong L, Evans S, and Wang Y. 2016. 
Taxonomic revision of lizards from the 
Paleocene deposits of the Qianshan Basin, 
Anhui, China. Vertebrata PalAsiatica 54:243-
268. 

Agama sinensis holotype IVPP V 
4454 

Fossil pit 71079(72), 300 m 
south of Hanlaowu 
(Hanhuawu), Huangpu 
Village, Qianshan County; 
Lower Member, Doumu 
Formation (Middle 
Paleocene) 

Hou L H, 1974. Paleocene lizards from Anhui, 
China. Vert PalAsiat, 12(3): 193–202; 
Dong L, Evans S, and Wang Y. 2016. 
Taxonomic revision of lizards from the 
Paleocene deposits of the Qianshan Basin, 
Anhui, China. Vertebrata PalAsiatica 54:243-
268. 
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Qianshanosaurus 
huangpuensis 

Holotype IVPP V 
4448  
Paratype IVPP V 
4449  
Referred material:  
IVPP V 22768 ; V 
22769 

Type locality and Fossil pit 
71002 (about 100 m 
northwest of Haixingdi, 
Huangpu Village, Qianshan 
County); 
Fossil pit 70021, about 300 
m east of Lijialaowu, 
Huangpu Village, Qianshan 
County, Anhui; Upper 
Member, Wanghudun 
Formation (Early–Middle 
Paleocene) 

Hou L H, 1974. Paleocene lizards from Anhui, 
China. Vert PalAsiat, 12(3): 193–202; 
Dong L, Evans S, and Wang Y. 2016. 
Taxonomic revision of lizards from the 
Paleocene deposits of the Qianshan Basin, 
Anhui, China. Vertebrata PalAsiatica 54:243-
268. 

Anqingosaurus 
brevicephalus 

Holotype IVPP V 
4452 

Fossil pit 71001, about 150 
m southeast of Wangdawu, 
Huangpu Village, Qianshan 
County, Anhui; Lower 
Member, Wanghudun 
Formation (Early Paleocene) 

Hou L H, 1976. New materials of Palaeocene 
lizards of Anhui. Vert PalAsiat, 14(1): 45–52. 
Dong L, Evans S, and Wang Y. 2016. 
Taxonomic revision of lizards from the 
Paleocene deposits of the Qianshan Basin, 
Anhui, China. Vertebrata PalAsiatica 54:243-
268. 

Aciprion 
formosum 

AMNH 1609, 3663, 
8715, 8716, 8717, 
8722, 11400, 21444 

Oligocene 
Type locality Cedar Creek, 
Logan County, Colorado; 
Horizon Oreodon beds, 
White River formation, 
Oligocene. 
(Gilmore 1928) 

see Estes 1983 for diagnosis and definition; 
Cope 1873. Synopsis of new Vertebrata from 
the Tertiary of Colorado obtained during the 
summer of 1873. Seventh Annual Report of 
the United States Geological Survey of the 
Territories. 
Conrad JL, Rieppel O, and Grande L. 2007. A 
Green River (Eocene) polychrotid (Squamata: 
Reptilia) and a re-examination of iguanian 
systematics. Journal of Paleontology 81:1365-
1373. 
Smith KT. 2009. Eocene lizards of the clade 
Geiseltaliellus from Messel and Geiseltal, 
Germany, and the early radiation of Iguanidae 
(Reptilia: Squamata). Bulletin of the Peabody 
Museum of Natural History 50:219-306. 

Aciprion majus Princeton Univ. Mus. 
No. 10015 

Gilmore 1928: Collected by 
the Princeton scientific 
expedition of 1882. 
Type locality.—Chalk 
Bluffs, Logan County, 
Colo.Horizon.—Oreodon 
beds?, White River 
formation, Oligocene. 

Gilmore. 1928. Fossil lizards of North 
America. Memoirs of the National Academy 
of Sciences 22(3):1-201. 

Afairiguana avius 

FMNH PR 2379 
 
(Field Museum of 
Natural History) 

Early Eocene-aged Green 
River Formation of 
Wyoming 
 
Age range: 55.8 to 50.3 Ma 

Conrad JL, Rieppel O, and Grande L. 2007. A 
Green River (Eocene) polychrotid (Squamata: 
Reptilia) and a re-examination of iguanian 
systematics. Journal of Paleontology 81:1365-
1373. 
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Parasauromalus 
olseni 
 
 
[Note: *not an 
iguanian based on 
personal 
observation] 

AMNH 1620 

early Eocene 
 
Type locality is Alkali Creek 
(AMNH), which is in an 
Eocene terrestrial horizon in 
the Wind River Formation of 
Wyoming. 
 
Age range: 46.2 to 40.4 Ma 

Gilmore, C.W. 1928. Fossil lizards of North 
America. Memoirs of the National Academy 
of Sciences, 22:1-201. 
Smith KT. 2006. A diverse new assemblage of 
Late Eocene squamates (Reptilia) from the 
Chadron Formation of North Dakota, USA. 
Palaeontologia Electronica 9:1-44. 
Zonneveld, G. F. Gunnell, and W. S. Bartels. 
2000. Early Eocene fossil vertebrates from the 
southwestern Green River Basin, Lincoln and 
Uinta counties, Wyoming. Journal of 
Vertebrate Paleontology 20(2):369-386. 
Bolet A. 2017. First early Eocene lizards from 
Spain and a study of the compositional 
changes between late Mesozoic and early 
Cenozoic Iberian lizard assemblages. 
Palaeontologia Electronica 20:1-22. 

Suzanniwana 
patriciana UCMP 167664 

UCMP locality V99019, 
earliest Eocene 
(zone Wa0), Willwood 
Formation, Bighorn Basin, 
Wyoming, USA 

Smith KT. 2009. A new lizard assemblage 
from the earliest Eocene (zone Wa0) of the 
Bighorn Basin, Wyoming, USA: biogeography 
during the warmest interval of the Cenozoic. 
Journal of Systematic Palaeontology 7:299-
358. 
Bolet A. 2017. First early Eocene lizards from 
Spain and a study of the compositional 
changes between late Mesozoic and early 
Cenozoic Iberian lizard assemblages. 
Palaeontologia Electronica 20:1-22. 

Anolbanolis 
banalis 

holotype UCMP 
400150 

UCMP locality V99019, 
earliest Eocene 
(zone Wa0), Willwood 
Formation, Bighorn Basin, 
Wyoming, USA 

Smith KT. 2009. A new lizard assemblage 
from the earliest Eocene (zone Wa0) of the 
Bighorn Basin, Wyoming, USA: biogeography 
during the warmest interval of the Cenozoic. 
Journal of Systematic Palaeontology 7:299-
358; 

Crotaphytus 
wislizeni 

LACM 35177, 
LACM not 
numbered;  
UALP 7343:6456 

Upper Pleistocene, 
California; Holocene, Great 
Basin southward into 
Mexico, west to San Joaquin 
Valley, California. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Crotaphytus? 
oligocenicus 

SMNH 1444 + others 
Lower Oligocene, Cypress 
Hills Formation, 
Saskatchewan, Canada. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Ctenosaura 
premaxillaris 

AMNH, premaxilla 
(type of 
Deltatmema 
premaxillaris) 

subfossil, Actun Spukil, 
Hacienda Calcehtok, 
Yucatan, Mexico 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 
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Cyclura pinguis 

USNM 59358,  
MCZ 12460,  
 
USNM, abundant 
material representing 
most of the major 
skeletal elements. 

Upper Pleistocene (15-18 
thousand years B.P.) 
Holocene, Puerto Rico; 
Holocene, Anegada I., 
British Virgin Islands. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Cypressaurus 
hypsodontus SMNH 1442 

Lower Oligocene, Cypress 
Hills Formation, 
Saskatchewan, Canada. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Erichosaurus 
diminutus 

MACN specimen, 
now lost 

Lower Miocene, Santa Cruz 
beds, Argentina. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Erichosaurus 
bombimaxilla lost? 

Lower Miocene, Santa Cruz 
beds, Argentina. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Erichosaurus 
debilis 

lost? Lower Miocene, Santa Cruz 
beds, Argentina. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Harrisonsaurus 
fossilis 

MSU 1029 
Lower Miocene, Harrison 
Formation, Cherry County, 
Nebraska. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Holbrookia 
maculata 

UMMP no number 
UTEP, UALP, no 
number 

Pleistocene, Kansas; 
Holocene, Great Plains, 
southwestward to the 
Colorado Desert and 
southward into northern 
Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Holbrookia 
texana 

UMMP 34171, 
33832, 34168, 34172- 
34176, 34167-34168, 
34178, 34166-34167; 
34451-34152,34556. 
 
UT 40450-1659. 

Pleistocene, Kansas; 
Pleistocene-Holocene, 
Texas; Holocene, Arizona, 
New Mexico, Texas and 
northern Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
carinatus 

UF 10175, 10173-
10176, 10177, 10178, 
10174. 

Upper Pleistocene, Banana 
Hole, New Providence, 
Bahamas; Upper 
Pleistocene-Holocene, 
Bahamas; Holocene, Cuba, 
Florida. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephaills 
apertosulcus 

Holotype MCZ 3404. 
 

Upper Pleistocene, Stratum 
2, Cueva Cerro de San 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
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Referred specimens: 
UF 10088, 10090- 9, 
10092, 10093, 10094, 
10095, 10096, 10097, 
10098, 10099, 10100, 
10101. 

Francisco, San Rafael, 
Dominican Republic. 

Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
cuneus 

Holotype: UF 8226, dentary. Upper Pleistocene, 
Cave V, Two Foot Bay, Barbuda, British West 
Indies. 
 
Referred specimens: UF 8227-8233, dentaries; 8234- 
8235, premaxillae; 8236- 8240, maxillae; 8241, 
articular-surangular; 8242, articular; 8249, 
interclavicle; 8251, scapulocoracoid; 8252, scapula; 
8253-8254, pelves; 8255-8256, ilia; 8257, presacral 
vertebrae; 8258, sacral vertebrae; 8259- 8261, caudal 
vertebrae; 8262, limb bones; all from the type 
locality. Cave I: 8469, dentaries;.8263, 8270, 
premaxillae; 8264-8265, 8468, maxillae; 8266- 8267, 
quadrates; 8268, pterygoids; 8269-8270, frontals; 
8271, parietal; 8444, postorbital; 8250, jugal; 8271, 
pelvis. Cave II; 8334, pelvis. Cave III: 8317, dentary; 
8395, ilium. All from Barbuda, British West Indies. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
etheridgei 

Holotype: USNM 259190, dentary; Upper 
Pleistocene, Blackbone I Cave, Barahona (Morovis), 
Puerto Rico. 
 
Referred specimens: USNM dentaries, maxillae, 
frontals, basicrania, pterygoids, vertebrae; topotypic 
specimens. Also KU 11473, dentaries; Cuevo del 
Perro, Barahona (Morovis), Puerto Rico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
jamaicensis 

Holotype: AMNH 2311, dentary. Upper Pleistocene, 
Dairy Cave, Dry Harbour, Jamaica.  
 
Referred specimens: Dairy Cave, Loe. E: AMNH 
2312--2313, maxillae; 2314, parietal; 2315, caudal 
vertebrae. Dairy Cave, Loc. D: UF 8503- 8504. Dairy 
Cave, Loe. G: UF 8502, dentary. Montego Bay 
Airport Cave: UF 8505, dentary; 8506, parietal; 
8508, frontal; 8509, pterygoid; 8510, caudal 
vertebrae. Portland Cave r, Loc. E: UF 8511 - 8512, 
dentaries, !l513, maxilla; 8514, pterygoid; 8516, 
8518, vertebrae. Portland Cave III: UF 8489-8490, 
dentaries; 8491 - 8493, maxillae; 8494, articular-
surangular; 8495, premaxillae; 8496, frontal; 8497, 
8500, 8501, vertebrae. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
partitus 

Holotype: USNM 259203, dentary; Upper 
PleistoceneSlibreeent, Glianica Bat Cave, Reserv<l 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
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Forestal Glianica (Cuayanilla), Puerto Rico. 
 
Referred specimens: KU, USNM, two dentaries, one 
topotypic, the other from Cueva d el Perro, Barahona 
(Morovis), Puerto Rico. 

Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephalus 
personatus 

Referred specimens: UF 10102, dentaries; 10103, 
maxillae; 10104, frontals; 10105, parietals. 
Uppermost Pleistocene-4000 years B.P., Cueva Cerro 
de San Francisco, San Rafael, Dominican Republic. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiocephaltts 
septentrionalis 

Holotype: UNSM 56085, dentary; Upper Miocene 
(Barstovian), Valentine Formation, Knox County, 
Nebraska. 
 
Referred specimens: UNSM, numerous topotypic 
dentaries and maxillae. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Leiosaums bellii 

Holotype: MACN?/(Col. Paleo. RUSCONI 1215), 
vertebral column with 16 articulated vertebrae and 
ribs. Middle Pleistocene (Ensenadense), Est. 
Anchorena, Prov. Buenos Aires, Argentina 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Paradipsosaurus 
mexicanus 

Holotype: USNM 20667, skull and mandibles, 
posterior and anterior ends damaged. Eocene or 
Oligocene, Red Conglomerate, Guanajuato, Mexico 
Where: Guanajuato, Mexico (21.0° N, 101.3° W: 
paleocoordinates 24.2° N, 90.4° W) 
When: lower Member (Guanjuato Red Conglomerate 
Formation), Bridgerian (50.3 - 46.2 Ma) 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
orbiculare 

Referred specimens: LACM, fragment with three 
temporal spines; Pleistocene, San Josecito Cavern, 
Nuevo Leon, Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
adinognathus 

Holotype: KUMVP 25258, dentary; Lower 
Pleistocene, Borchers locality, Meade County, 
Kansas. 
 
Referred specimens: KUMVP 25259, dentary; 25260, 
dentary; both topotypic specimens. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
cornutum 

Referred specimens  
Upper Pliocene: UMMP, many specimens, Rexroad 
Formation, Meade County, Kansas (TWENTE 1952; 
OELRICH 1954; ETHERIDGE 1958); KU 5099, 
5115, delltaries (types of EHmecoicles hibbardi and 
E. mylocoelus), Rexroad Formation, Seward County, 
Kansas (TAYLOR 1941; ETHERIDGE 1958, 
1960a). MU 9279, dentaries, maxillae, frontals, 
parietal; Ogalalla Formation, Scurry County, Texas 
(ROGERS 1976). 
 
Lower Pleistocene: UMMP, occipital horns, Keim 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 
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Formation, Brown County, Nebraska; UMMP 
dentaries, Crooked Creek formation, Meade County, 
Kansas (Hol.MAN 1972a, 1979a). 
 
Upper Pleistocene: MU 8051, squamosal, Slaton 
Quarry, Lubbock County, Texas (Illinoianj 
HOLMAN 1969b, c); UMM]> 34126, squamosal, 
Cragin Quarry, Meade County, Kansas 
(Sangamonian; ETHERIDGE (958); UT 40450--
1663, Cave Without-a-Name, Kendall County, Texas 
(Wisconsi nianj HOLMAN 1968); UTEP 4- 631, 
dentary, Dry Cave, Eddy County, New Mexico 
(HOLMAN 1970b); AMNH 6405, maxillae, dentary, 
and mandibular fragment, Conard Fissure, Newton 
County, Arkansas (GILMORE 1928; ETHERIDGE 
1958). UNSM, dentary; Burnet Cavc, Eddy County, 
New Mexico (RICKART 1977). 
 
Holocene: LACM, parietals, frontal, scapula, maxilla; 
Shelter Cave, Dona Ana County, New Mexico 
(BRATTSTROM 1964); UTEP, UAL]>, many skull 
bones, Howells Ridge Cave, Grant County, New 
Mexico (VAN DEVENDER and WORTHINGTON 
1977). 

Phrynosoma 
coronatum 

Referred specimens: LACM, temporal spines. Upper 
Pleistocene, Rancho La Brea, Los Angeles County, 
California. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
douglassi 

Referred specimens 
SDSM 8578, maxill a, dentary, vertebra; Upper 
Pleistocene (Kansan), Java, Walworth County, South 
Dakota (HOLIVIAN 1977a). UTE]>, maxillae, 
frontals, parietals, squamosals, occipital, 35 
dcntaries, scapulocoracoids, humeri, pelves; Upper 
Pleistocene, Dry Cave, Eddy County, New Mexico 
(HOLMAN 1970b). UNSM, dentaries, frontals , sq 
uamosals; Upper PleistoceneHolocene, Burnet and 
Dark Canyon Caves, Eddy County, New Mexico 
(RICKART 1977). LACM frontals, maxillae, 
dentaries;  
 
Upper Pleistocene (Wisconsin ian) or Holocene, 
Smith Creek Cave, White Pine County, Nevada 
(MEAD, THOMPSON and VAN DEVENDER 
1982). UTE]>, UALP, many skull bones; Holocene, 
Howells Ridge Cave, Grant COllIllY, New Mexico 
(VAN DEVENDER and WORTHINGTON 1977). 
MSU VP 258, parietal; Pratt Cave, Culberso County, 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 
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Texas (GEHLBACH and HOLMAN 1974). 

Phrynosoma 
holmani 

Holotype: UMMP V61389, d entary; Upper Pliocene, 
Belleville Formation, Republic County, Kansas. 
 
Referred specimen: UMMP V61390, dentary; 
topotypic specImen. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
josecitensis 

Holotype: LACM, sk ull fragment with four temporal 
spines. Pleistocene, San Josecito Cavern, Nuevo 
Leon, Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
modestum 

Referred specimens: UMMP 34146, 34145, 
dentaries; 33827, parietal; 34144, 34143, maxillae; 
34140- 34142, squamosals. Upper Pleistocene 
(Sangamonian), Kingsdown Formation, Meade 
County, Kansas. UTEP, UALP, many skull bones; 
Holocene, Howells Ridge Cave, Grant County, New 
Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Phrynosoma 
platyrhinos 

Referred specimens: LACM, frontal, occipital spine, 
temporal spines. Upper Pleistocene or Holocene, 
Gypsum Cave, C lark County, Nevada. LACM, 
parietal; Upper Pleistocene or Holocene, Smith Creek 
Cave, White Pine County, Nevada. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Sauromalus 
obesus 

Referred specimens: UALP 7235:5612, 5767, 
vertebrae; Upper Pleistocene, Wolcott Peak, Pima 
County, Arizona. UALP 7449:7460, denrary; Upper 
Pleistocene, Fallen Arches, San Bernardino County, 
California. UALP 7312:6184-6185, 7204:6518, 
7315:6194, 7446:7415, vertebrae; 7512:8083, 
dentary; NPSB B404, B406, B407, B429, B430, two 
skulls and three mandibles; Lower Pleistocene, 
Rampart Cave, Grand Canyon, Arizona. LACM 
1979, vertebrae; Pleistocene, Schuiling Cave, San 
Bernardino County, California. LACM, dcntaries, 
parietals, vertebrae, skin, footbones, twO skulls, one 
with mandible; Subfossil (8000- 10,000 years B.P.) 
Gypsum Cave, Clark County, Nevada. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Sceloporus 
graciosus 

Referred specimens; LACM, dentary. Pleistocene, 
Hawver Cave, El Dorado County, California . 
LACM, mummified skeleton; Upper Pleistocene-
Holocene, Smith Cave, White Pine County, Nevada. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Sceloporus 
jarrovi 

Referred specimens: LACM, vertebrae; Upper 
Pleistocene, Barranca cle Rio Grande, Texuixquiac, 
Zumpango, Mexico. 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Sceloporus 
magister 

Referred specimens: LACM dentaries, maxillae, 
quadrate, frontals, occipital, parietals; Upper 
Pleistocene, Rancho la Brea, Los Angeles County, 
California. LACM, frontal; Upper Pleistocene or 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 
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Holocene, Smith Creek Cave, White Pine County, 
Nevada. 

Sceloporus 
occidentalis 

Referred specimens: Upper Pleistocene: LACM, 
vertebrae, McKittrick Asphalt, Kern County, 
California (BRATTSTROM 1953b); LACM, 40 
dentaries, maxillae, parietals, frontals, occipitals, 
scapulae, femur, Rancho La Brea, Los Angeles 
County, California (BRATTSTROM 1953b); LACM, 
dentaries, Carpinteria, Santa Barbara County, 
California (BRATTsTRoM 1955c); LACM, 
dentaries, mandible, maxillae, Mescal Cave, San 
Bernardino County, California (BRAHSTROM 
1958a). LACM dentaries, maxillae, frontal, scale; 
Smith Creek Cave (may be Holocene), White Pine 
County, Nevada (MEAD, THOMPSON and VAN 
DEVENDER 1982). 

Estes R. 1983. Handbuch der 
Paläoherpetologie: Sauria terrestria, 
Amphisbaenia, part 10A. Munich: Gustav 
Fischer Verlag. 

Uquiasaurus 
heptanodonta 

holotype PVL 6388 
 
referred: PVL 6395, 
6387, 6391, 6394, 
6389, 6392, 6393. 

San Roque (23°14'32.9"S, 
65°21'55.5"W; 2,940 m 
elevation), Humahuaca, 
Jujuy Province, Argentina. 
Late Pliocene, middle unit of 
Uquia Formation. 

Daza JD, Abdala V, Arias JS, García-López 
D, and Ortiz P. 2012. Cladistic analysis of 
Iguania and a fossil lizard from the Late 
Pliocene of northwestern Argentina. Journal of 
Herpetology 46:104-119. 

Sauropithecoides 
charisticus 

Holotype. PTRM 
1841 

Chadron Formation of the 
Medicine Pole Hills of 
southwestern North Dakota; 
late Eocene age 

Smith, K. T. The Evolution of Mid-latitude 
Faunas during the Eocene: Late Eocene 
Lizards of the Medicine Pole Hills 
Reconsidered. Bull. Peabody Mus. Nat. Hist. 
52, 3-105 (2011). 
Smith, K. T. A diverse new assemblage of 
Late Eocene squamates (Reptilia) from the 
Chadron Formation of North Dakota, USA. 
Palaeontol. Electron. 9, 1-44 (2006). 

Queironius 
praelapsus 

Holotype. PTRM 
19499 

Chadron Formation of the 
Medicine Pole Hills of 
southwestern North Dakota; 
late Eocene age 

Smith, K. T. The Evolution of Mid-latitude 
Faunas during the Eocene: Late Eocene 
Lizards of the Medicine Pole Hills 
Reconsidered. Bull. Peabody Mus. Nat. Hist. 
52, 3-105 (2011). 

Cypressaurus sp.  

Chadron Formation of the 
Medicine Pole Hills of 
southwestern North Dakota; 
late Eocene age 

Smith, K. T. The Evolution of Mid-latitude 
Faunas during the Eocene: Late Eocene 
Lizards of the Medicine Pole Hills 
Reconsidered. Bull. Peabody Mus. Nat. Hist. 
52, 3-105 (2011). 
Smith, K. T. A diverse new assemblage of 
Late Eocene squamates (Reptilia) from the 
Chadron Formation of North Dakota, USA. 
Palaeontol. Electron. 9, 1-44 (2006). 

Oreithyia 
oaklandi 

PTRM 5198 
Chadron Formation of the 
Medicine Pole Hills of 
southwestern North Dakota; 

Smith KT. 2011. The Evolution of Mid-
latitude Faunas during the Eocene: Late 
Eocene Lizards of the Medicine Pole Hills 
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late Eocene age Reconsidered. Bulletin of the Peabody 
Museum of Natural History 52:3-105; 
Smith. 2011. Oreithyia, a replacement name 
for Orithyis Smith, 2011, nec Orithyia 
Fabricus, 1798. Bulletin of the Peabody 
Museum of Natural History 52(2):273. 
Bolet A. 2017. First early Eocene lizards from 
Spain and a study of the compositional 
changes between late Mesozoic and early 
Cenozoic Iberian lizard assemblages. 
Palaeontologia Electronica 20:1-22. 

Tuberculacerta 
pearsoni 

Holotype. PTRM 
5296 

Chadron Formation of the 
Medicine Pole Hills of 
southwestern North Dakota; 
late Eocene age 

Smith, K. T. The Evolution of Mid-latitude 
Faunas during the Eocene: Late Eocene 
Lizards of the Medicine Pole Hills 
Reconsidered. Bull. Peabody Mus. Nat. Hist. 
52, 3-105 (2011). 
Smith, K. T. A diverse new assemblage of 
Late Eocene squamates (Reptilia) from the 
Chadron Formation of North Dakota, USA. 
Palaeontol. Electron. 9, 1-44 (2006). 

Swainiguanoides 
milleri 

holotype AMNH 
12082 
 
referred: AMNH 
5190, 5191, 7264, 
15902, 15933, 12048, 
12081 

Fort Union Formation in 
Wyoming (Sullivan 1982); 
Paleocene. 

Smith KT (2009) A new lizard assemblage 
from the earliest Eocene (zoneWa0) of the 
Bighorn Basin, Wyoming, USA: biogeography 
during the warmest interval of the cenozoic. J 
Syst Palaeontol 7(3):299–358. 
Sullivan RM (1982) Fossil Lizards from 
Swain Quarry "Fort UnionFormation," Middle 
Paleocene (Torrejonian), Carbon County, 
Wyoming. J Paleont 56(4):996–1010. 
Nydam RL. 2013. Squamates from the 
Jurassic and Cretaceous of North America. 
Palaeobiodiversity and Palaeoenvironments 
93:535-565. 
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Appendix 5.4 – List of specimens of extant iguanians that were examined for the coding and 

scoring of the morphological characters. 

Agama agama: AMNH 141129; UF 62562; 

http://www.digimorph.org/specimens/Agama_agama/ (FMNH 47531). Amblyrhynchus cristatus: 

AMNH 29937; AMNH 29938; AMNH 36230; AMNH 36231; AMNH 43228; AMNH 46270; 

AMNH 75942; AMNH 76197; AMNH 78979; AMNH 89841; AMNH 114491; AMNH 114492; 

AMNH 123309; AMNH 147810; UAMZ 384; UF 41424; UF 41558 

(http://www.morphosource.org/Detail/MediaDetail/Show/media_id/20786); UF 49137; UF 

49138; UF 54782; UF 57134; 

http://www.morphosource.org/Detail/MediaDetail/Show/media_id/9055 (MVZ 67721); 

http://www.morphosource.org/Detail/MediaDetail/Show/media_id/9056 (UCMP 137167). Anolis 

carolinensis: ROM 2476; UF 162758; http://digimorph.org/specimens/Anolis_carolinensis/ 

(FMNH 242298). Basiliscus vittatus : ROM 283; ROM 312; UF 11486; UF 11490; UF 11491. 

Basiliscus basiliscus: ROM 441; ROM 5539; ROM 5583; UF 140835; 

http://www.digimorph.org/specimens/Basiliscus_basiliscus/ (FMNH 165622). Brachylophus 

fasciatus: AMNH 29033; AMNH 29034; AMNH 121274; UF 37578; 

http://www.digimorph.org/specimens/Brachylophus_fasciatus/ (FMNH 210158). Brookesia 

brygooi: http://www.digimorph.org/specimens/Brookesia_brygooi/ (FMNH 260015). Calotes 

emma: http://www.digimorph.org/specimens/Calotes_emma/ (FMNH 252264). Calotes 

versicolor: UF 68490; UF 99258. Chalarodon madagascariensis: AMNH 12841; 

http://www.digimorph.org/specimens/Chalarodon_madagascariensis/ (YPM 12866). Chamaeleo 

calyptratus: http://www.digimorph.org/specimens/Chamaeleo_calyptratus/whole/ (TNHC 

62768). Chamaeleo chamaeleon: UF 40629; UF 42415. Conolophus pallidus: AMNH 147847; 

http://www.digimorph.org/specimens/Agama_agama/
http://www.morphosource.org/Detail/MediaDetail/Show/media_id/20786
http://www.morphosource.org/Detail/MediaDetail/Show/media_id/9055
http://www.morphosource.org/Detail/MediaDetail/Show/media_id/9056
http://digimorph.org/specimens/Anolis_carolinensis/
http://www.digimorph.org/specimens/Basiliscus_basiliscus/
http://www.digimorph.org/specimens/Brachylophus_fasciatus/
http://www.digimorph.org/specimens/Brookesia_brygooi/
http://www.digimorph.org/specimens/Calotes_emma/
http://www.digimorph.org/specimens/Chalarodon_madagascariensis/
http://www.digimorph.org/specimens/Chamaeleo_calyptratus/whole/
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AMNH 147848; AMNH 147849. Conolophus subcristatus: AMNH 50797; AMNH 50798; 

AMNH 89845; AMNH 110168; AMNH 114493; AMNH 131308; ROM 112; UF 11583. 

Corytophanes cristatus: UF 57739; http://digimorph.org/specimens/Corytophanes_cristatus/ 

(FMNH 69227). Crotaphytus collaris: ROM 7711; 

http://www.digimorph.org/specimens/Crotaphytus_collaris/ (FMNH 48667). Ctenosaura 

pectinata: ROM 1046; ROM 6709; UF 48333; UF 55461; UF 56553; UF 56619; 

http://digimorph.org/specimens/Ctenosaura_pectinata/. Ctenosaura similis: AMNH 147860; 

AMNH 147861; UF 48750; UF 67496; UF 67525; UF 67707. Cyclura carinata: UF 30425; UF 

67232. Cyclura cornuta: AMNH 93182; AMNH 147865; AMNH 147865: UF 52004; UF 57134; 

UF 99016; UF 99017; UF 99056. Dipsosaurus dorsalis: AMNH 73058; AMNH 75603; AMNH 

141110; AMNH141115; ROM 875; ROM 4279; UF 42777; 

http://digimorph.org/specimens/Dipsosaurus_dorsalis/ (YPM 14376). Draco volans: UF 53599; 

UF 63233. Enyalioides laticeps: http://www.digimorph.org/specimens/Enyalioides_laticeps/ 

(FMNH 206132). Furcifer oustaleti: UF 166103; UF 166109. Gambelia wislizenii: AMNH 

154776; AMNH 154788; AMNH 154789; 

http://www.digimorph.org/specimens/Gambelia_wislizenii/ (YPM 14380). Gekko gecko: TMP 

1990.007.0021; TMP 1997.030.0327; TMP 1997.030.0333; 

http://digimorph.org/specimens/Gekko_gecko/ (FMNH 186818). Holbrookia maculata: 

http://www.morphosource.org/Detail/MediaDetail/Show/media_id/42812 (LSUMZ 84795); 

http://www.morphosource.org/Detail/MediaDetail/Show/media_id/42815 (LSUMZ 84795). 

Iguana iguana: AMNH 81871; AMNH 88423; AMNH 94167; AMNH 154811; ROM 294; 

ROM 346; ROM 373; ROM 401; ROM 426; ROM 428; ROM 441; 7716; UAMZ 951; UF 

142724; UF 146560; UF 149744. Leiocephalus personatus: UF 99140; UF 99376. Leiolepis 

http://digimorph.org/specimens/Corytophanes_cristatus/
http://www.digimorph.org/specimens/Crotaphytus_collaris/
http://digimorph.org/specimens/Ctenosaura_pectinata/
http://digimorph.org/specimens/Dipsosaurus_dorsalis/
http://www.digimorph.org/specimens/Enyalioides_laticeps/
http://www.digimorph.org/specimens/Gambelia_wislizenii/
http://digimorph.org/specimens/Gekko_gecko/
http://www.morphosource.org/Detail/MediaDetail/Show/media_id/42812
http://www.morphosource.org/Detail/MediaDetail/Show/media_id/42815
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belliana: UF 62046; http://digimorph.org/specimens/Leiolepis_belliana/ (USNM 205722). 

Liolaemus bellii: http://www.digimorph.org/specimens/Liolaemus_bellii/ (MVZ 125659). 

Morunasaurus annularis: http://www.digimorph.org/specimens/Morunasaurus_annularis/ 

(USNM 200767). Oplurus cuvieri: AMNH 47944. Oplurus cyclurus: AMNH 71462; AMNH 

138120; http://www.digimorph.org/specimens/Oplurus_cyclurus/ (YPM 12861). Petrosaurus 

mearnsi: AMNH 141107; AMNH 154916; AMNH 154853; ROM 6760. Physignathus 

cocincinus: TMP 1990.007.0347; UF 71685; 

http://www.digimorph.org/specimens/Physignathus_cocincinus/ (YPM 14378). Phrynosoma 

cornutum: UF 41530; http://www.digimorph.org/specimens/Phrynosoma_cornutum/whole/; 

(TNHC 1930) Phrynosoma modestum: TMP1990.007.0161; TMP1997.030.0318; 

TMP1997.030.0321; TMP1997.030.0324. Phymaturus palluma: 

http://www.digimorph.org/specimens/Phymaturus_palluma/ (FMNH 209123). Plica plica: ROM 

70; UF 56616; UF 67979. Pogona vitticeps: ROM 8514; ROM 22699; UAMZ 952; 

http://www.digimorph.org/specimens/Pogona_vitticeps/ (ROM 22699). Polychrus marmoratus: 

UF 56851; UF 57019; UF 60914; UF 61608; UF 71671. Pristidactylus torquatus: 

http://www.digimorph.org/specimens/Pristidactylus_torquatus/ (FMNH 206964). Sauromalus 

obesus: ROM R 335; ROM R 9335; UF 11691. Sceloporus variabilis: ROM 8788; UF 53687; 

http://www.digimorph.org/specimens/Sceloporus_variabilis/ (FMNH 122866). Sphenodon 

punctatus: UAMZ 405; http://digimorph.org/specimens/Sphenodon_punctatus/adult/ (YPM 

9194). Stenocercus guentheri: UF 83601; UF 83603; 

http://www.digimorph.org/specimens/Stenocercus_guentheri/ (FMNH 27674). Uma scoparia: 

UF 49376; http://www.digimorph.org/specimens/Uma_scoparia/ (FMNH 1203). Uranoscodon 

superciliosus: UF 62540; http://www.digimorph.org/specimens/Uranoscodon_superciliosus/ 

http://digimorph.org/specimens/Leiolepis_belliana/
http://www.digimorph.org/specimens/Liolaemus_bellii/
http://www.digimorph.org/specimens/Morunasaurus_annularis/
http://www.digimorph.org/specimens/Oplurus_cyclurus/
http://www.digimorph.org/specimens/Physignathus_cocincinus/
http://www.digimorph.org/specimens/Phrynosoma_cornutum/whole/
http://www.digimorph.org/specimens/Phymaturus_palluma/
http://www.digimorph.org/specimens/Pogona_vitticeps/
http://www.digimorph.org/specimens/Pristidactylus_torquatus/
http://www.digimorph.org/specimens/Sceloporus_variabilis/
http://digimorph.org/specimens/Sphenodon_punctatus/adult/
http://www.digimorph.org/specimens/Stenocercus_guentheri/
http://www.digimorph.org/specimens/Uma_scoparia/
http://www.digimorph.org/specimens/Uranoscodon_superciliosus/
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(YPM 12871). Uromastyx hardwickii: 

http://www.digimorph.org/specimens/Uromastyx_hardwickii/ (UCL.5); Uromastyx aegyptia: UF 

90273; http://www.digimorph.org/specimens/Uromastyx_aegyptius/ (FMNH 78661). 

Urostrophus vautieri: http://www.digimorph.org/specimens/Urostrophus_vautieri/ (FMNH 

83576). Uta stansburiana: UF 42344; UF 87986. 

http://www.digimorph.org/specimens/Uta_stansburiana/ (FMNH 213914). Varanus salvator: 

TMP 1990.007.0036; TMP 1990.007.0037; TMP 1990.007.0270; 

http://digimorph.org/specimens/Varanus_salvator/ (FMNH 35144).  

 

Appendix 5.5 – Molecular data: access, alignment, and partitions. 

Table A5.2. GenBank accession numbers for the 15 nuclear loci.  

Species AKAP9 BDNF BMP2 CAND1 CARD4 

Sphenodon punctatus JF805808.1 GU457846.1 GU457880.1 GU432592.1 JN702010.1 

Gekko gecko JF805798.1 EU402614.1 EU402669.1 GU432614.1 JN702049.1 

Varanus salvator JN654786.1 EU402618.1 EU402673.1 GU432610.1 JN702045.1 

Acanthosaura lepidogaster JF805815.1 JF806003.1 JF806037.1 JF818533.1 JN702101.1 

Agama agama JF805816.1 DQ340698.1 EU402670.1 GU432593.1 JN702015.1 

Amblyrhynchus cristatus  KR350716.1    

Anolis carolinensis JF805835.1 EU402616.1 EU402671.1 GU432598.1 JN702122.1 

Basiliscus vittatus      

Brachylophus fasciatus JF805837.1 AY987980.1 JF806054.1 JF818555.1 JN702091.1 

Bradypodion occidentale KC507556.1 KC507645.1    

Brookesia brygooi JF805817.1 JF806004.1 JF806038.1 JF818548.1 JN702073.1 

Brookesia decaryi      

Callisaurus draconoides KP820597.1 KP820847.1 KP820736.1 KP820774.1 KP820719.1 

Calotes emma JF805818.1  JF806039.1 JF818534.1 JN702078.1 

http://www.digimorph.org/specimens/Uromastyx_hardwickii/
http://www.digimorph.org/specimens/Uromastyx_aegyptius/
http://www.digimorph.org/specimens/Urostrophus_vautieri/
http://www.digimorph.org/specimens/Uta_stansburiana/
http://digimorph.org/specimens/Varanus_salvator/
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Calotes versicolor  DQ340705.1    

Chalarodon madagascariensis JF805838.1 AY987972.1 JF806055.1 JF818563.1 JN702130.1 

Chamaeleo calyptratus JF805819.1 GU457847.1 GU457881.1 GU432594.1 JN702072.1 

Chamaeleo chamaeleon      

Conolophus marthae      

Conolophus pallidus      

Conolophus subcristatus  KR350715.1    

Corytophanes cristatus JF805839.1 JF806020.1  JF818551.1 JN702099.1 

Crotaphytus collaris JF805840.1 JF806021.1 JF806056.1 JF818552.1 JN702103.1 

Ctenosaura pectinata      

Ctenosaura similis  KR350714.1    

Cyclura carinata      

Cyclura cornuta  KR350712.1    

Dipsosaurus dorsalis JF805841.1 GQ853275.1 JF806057.1 JF818556.1 JN702104.1 

Draco blanfordii JF805824.1 JF806010.1 JF806043.1 JF818538.1 JN702063.1 

Draco volans      

Enyalioides laticeps JF805842.1 GU457848.1 GU457882.1 GU432595.1 JN702044.1 

Furcifer oustaleti      

Gambelia wislizenii JF805843.1 KP820845.1 KP820735.1 JF818553.1 JN702009.1 

Holbrookia maculata KP820592.1 KP820844.1 KP820733.1 KP820770.1  

Hydrosaurus amboinensis      

Iguana iguana  KR350713.1    

Japalura (Diploderma) 
flaviceps  MK001544.1    

Leiocephalus personatus      

Leiolepis belliana JF805827.1 AY987965.1 JF806046.1 JF818549.1 JN702111.1 

Liolaemus bellii JF805846.1 HQ876220.1 JF806061.1 JF818561.1 JN702065.1 

Microlophus grayii      

Moloch horridus JF805828.1 DQ340734.1 JF806047.1 JF818541.1 JN702127.1 
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Morunasaurus annularis JF805847.1 HQ876218.1 JF806062.1 JF818554.1 JN702155.1 

Oplurus cuvieri  AY987971.1    

Oplurus cyclurus JF805848.1  GU457884.1 GU432597.1 JN702120.1 

Petrosaurus mearnsi JF805849.1 JN648396.1 JF806063.1 JF818564.1 JN702154.1 

Phrynocephalus mystaceus JF805829.1 DQ340735.1 JF806048.1 JF818542.1  

Phrynosoma modestum KR360025.1 DQ385325.1 KR360258.1 KR360318.1 KR360227.1 

Phymaturus palluma JF805851.1 JF806024.1 JF806065.1 JF818562.1 JN702043.1 

Physignathus cocincinus JF805830.1 DQ340736.1 JF806049.1 JF818543.1 JN702109.1 

Plica plica JF805857.1 JF806028.1 JF806071.1 JF818572.1 JN702097.1 

Pogona vitticeps JF805832.1 DQ340739.1 JF806051.1 JF818545.1 JN702087.1 

Polychrus marmoratus JF805852.1 AY987966.1 JF806066.1 JF818569.1 JN702129.1 

Pristidactylus torquatus JF805853.1 JF806025.1 JF806067.1 JF818559.1 JN702117.1 

Rhampholeon spectrum KC507575.1 JQ073091.1    

Rieppeleon kerstenii      

Sauromalus ater JF805854.1 JF806026.1 JF806068.1 JF818557.1 JN702012.1 

Sauromalus obesus      

Sceloporus variabilis JF805855.1 GQ464464.1 JF806069.1 JF818566.1 JN702157.1 

Stenocercus guentheri JF805856.1 HQ876224.1 JF806070.1 JF818571.1 JN702141.1 

Trioceros melleri      

Tropidurus hispidus  AY987967.1    

Uma scoparia JF805858.1 JF806029.1 JF806072.1 JF818567.1 JN702042.1 

Uranoscodon superciliosus JF805859.1 JF806030.1 JF806073.1 JF818573.1 JN702150.1 

Uromastyx aegyptia      

Uromastyx (Saara) hardwickii JF805834.1  GU457883.1 GU432596.1 JN702085.1 

Urostrophus vautieri JF805860.1 HQ876219.1 JF806074.1 JF818560.1 JN702090.1 

Uta stansburiana JF805861.1 GQ464466.1 JF806075.1 KP820771.1 JN702061.1 

Species C-mos CXCR4 ENC1 HLCS 
NTF3 

(= NT3) 

Sphenodon punctatus AF039483.1 JN702443.1 GU432510.1 JN702715.1 GU456002.1 
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Gekko gecko EU366455.1 JN702441.1 GU432530.1 JN702635.1 EU390898.1 

Varanus salvator AF435017.1 JN702430.1 GU432526.1 JN702669.1 EU390902.1 

Acanthosaura lepidogaster  JN702311.1  JN702685.1 JF804531.1 

Agama agama AF137530.1 JN702406.1 GU432511.1 JN702737.1 EU390899.1 

Amblyrhynchus cristatus KX610480.1    KX610521.1 

Anolis carolinensis  JN702390.1 GU432515.1 JN702732.1 EU390900.1 

Basiliscus vittatus      

Brachylophus fasciatus AY987993.1 JN702323.1 JF818189.1 JN702663.1 JF804533.1 

Bradypodion occidentale FJ984260.1     

Brookesia brygooi FJ984305.1  JF818182.1 JN702646.1 JF804534.1 

Brookesia decaryi FJ984307.1     

Callisaurus draconoides AF315401.1 KP820522.1  KP820572.1 KP820629.1 

Calotes emma  JN702379.1 JF818168.1 JN702666.1 JF804535.1 

Calotes versicolor AF137525.1    JX839246.1 

Chalarodon madagascariensis AY987987.1 JN702360.1 JF818197.1 JN702653.1 JF804536.1 

Chamaeleo calyptratus  JN702417.1 GU432512.1 JN702693.1 GU456003.1 

Chamaeleo chamaeleon      

Conolophus marthae      

Conolophus pallidus HM352531.
1    HM352521.1 

Conolophus subcristatus HM352532.
1    HM352522.1 

Corytophanes cristatus AF315390.1 JN702338.1 JF818185.1 JN702657.1 JF804541.1 

Crotaphytus collaris AY987985.1 JN702405.1 JF818186.1 JN702656.1 JF804542.1 

Ctenosaura pectinata     KX610536.1 

Ctenosaura similis GU332022.1    KX610539.1 

Cyclura carinata HM352534.
1    HM352524.1 

Cyclura cornuta      

Dipsosaurus dorsalis EU116680.1 JN702334.1 JF818190.1 JN702696.1 KX578910.1 
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Draco blanfordii  JN702374.1 JF818172.1 JN702610.1 JF804546.1 

Draco volans      

Enyalioides laticeps  JN702377.1 GU432513.1 JN702664.1 GU456004.1 

Furcifer oustaleti FJ984271.1     

Gambelia wislizenii EU116682.1 JN702414.1 JF818187.1 JN702733.1 KP820626.1 

Holbrookia maculata  KP820520.1  KP820567.1 KP820625.1 

Hydrosaurus amboinensis      

Iguana iguana AF148708.1    HM352530.1 

Japalura (Diploderma) 
flaviceps      

Leiocephalus personatus      

Leiolepis belliana FJ984253.1 JN702402.1 JF818183.1 JN702638.1 JF804552.1 

Liolaemus bellii  JN702328.1 JF818195.1 JN702690.1 JF804554.1 

Microlophus grayii EF615759.1     

Moloch horridus DQ340697.1 JN702455.1 JF818175.1 JN702708.1 JF804555.1 

Morunasaurus annularis  JN702363.1 JF818188.1 JN702655.1 JF804556.1 

Oplurus cuvieri EU099664.1     

Oplurus cyclurus EU099671.1 JN702378.1 GU432514.1 JN702614.1 GU456006.1 

Petrosaurus mearnsi  JN702387.1 JF818198.1 JN702747.1 JF804557.1 

Phrynocephalus mystaceus AF137527.1 JN702404.1 JF818176.1 JN702702.1 JF804558.1 

Phrynosoma modestum  KR359901.1  KR359982.1 KR360083.1 

Phymaturus palluma JX969520.1 JN702352.1 JF818196.1 JN702745.1 JF804560.1 

Physignathus cocincinus DQ340688.1 JN702421.1 JF818177.1 JN702662.1 JF804561.1 

Plica plica EF615737.1 JN702445.1 JF818206.1 JN702726.1 KU245152.1 

Pogona vitticeps DQ340691.1 JN702388.1 JF818179.1 XM_020789322
.1 JF804563.1 

Polychrus marmoratus AY987983.1 JN702359.1 JF818203.1 JN702697.1 JF804564.1 

Pristidactylus torquatus KT342956.1 JN702459.1 JF818193.1 JN702728.1 JF804565.1 

Rhampholeon spectrum FJ984254.1     

Rieppeleon kerstenii      
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Sauromalus ater HM352537.
1 JN702333.1 JF818191.1 JN702722.1 JF804568.1 

Sauromalus obesus AF315400.1     

Sceloporus variabilis  JN702330.1 JF818200.1 JN702707.1 KU767979.1 

Stenocercus guentheri  JN702380.1 JF818205.1 JN702649.1 JF804570.1 

Trioceros melleri JN090149.1     

Tropidurus hispidus AY987984.1    KU245142.1 

Uma scoparia  JN702371.1 JF818201.1 JN702748.1 JF804574.1 

Uranoscodon superciliosus  JN702342.1 JF818207.1 JN702612.1 KU245150.1 

Uromastyx aegyptia AF137531.1    MF960421.1 

Uromastyx (Saara) hardwickii    JN702629.1 MF960472.1 

Urostrophus vautieri KT342957.1 JN702451.1 JF818194.1 JN702647.1 JF804576.1 

Uta stansburiana AF315389.1 JN702401.1 JF818202.1 KP820568.1 JF804577.1 

Species 
R35 

(= GPR149) 
SLC8A1 TRAF6 VCPIP1 ZEB2 

Sphenodon punctatus HQ876320.1 GU456070.1 GU456147.1 GU456182.1 GU456224.1 

Gekko gecko HQ876378.1 GU456093.1 EU391048.1 GU456204.1 EU390847.1 

Varanus salvator JN568500.1 GU456088.1 EU391052.1 GU456199.1 EU390851.1 

Acanthosaura lepidogaster JF804578.1 JF804160.1 JF804334.1 JN702936.1 JF804612.1 

Agama agama HQ876321.1 GU456071.1 EU391049.1 GU456183.1 EU390848.1 

Amblyrhynchus cristatus KR350703.1 GU456088.1    

Anolis carolinensis HQ876334.1 GU456076.1 EU391050.1 GU456187.1 EU390849.1 

Basiliscus vittatus      

Brachylophus fasciatus JF804579.1 JF804163.1 JF804336.1  JF804614.1 

Bradypodion occidentale      

Brookesia brygooi JF804580.1 JF804164.1 JF804337.1 JN702935.1 JF804615.1 

Brookesia decaryi      

Callisaurus draconoides KP820532.1 KP820829.1 KP820645.1 KP820562.1 KP820754.1 

Calotes emma JF804581.1 JF804165.1 JF804338.1 JN702891.1 JF804616.1 
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Calotes versicolor MK001440.
1     

Chalarodon madagascariensis JF804582.1 JF804166.1 JF804339.1 JN702907.1 JF804617.1 

Chamaeleo calyptratus HQ876323.1 GU456072.1 GU456148.1 GU456184.1 GU456225.1 

Chamaeleo chamaeleon      

Conolophus marthae      

Conolophus pallidus      

Conolophus subcristatus KR350701.1     

Corytophanes cristatus JF804585.1 JF804170.1 JF804344.1 JN702939.1 JF804622.1 

Crotaphytus collaris JF804586.1 JF804171.1 JF804345.1 JN702940.1 JF804623.1 

Ctenosaura pectinata      

Ctenosaura similis KR350700.1     

Cyclura carinata      

Cyclura cornuta KR350698.1     

Dipsosaurus dorsalis HQ876329.1 JF804174.1 JF804347.1 JN702903.1 JF804625.1 

Draco blanfordii JF804589.1 JF804175.1 JF804348.1 JN702912.1 JF804626.1 

Draco volans      

Enyalioides laticeps JF804590.1 GU456073.1 GU456149.1 GU456185.1 GU456226.1 

Furcifer oustaleti      

Gambelia wislizenii HQ876327.1 JF804177.1 JF804350.1 JN702913.1 JF804628.1 

Holbrookia maculata KP820528.1  KP820641.1 KP820558.1 KP820749.1 

Hydrosaurus amboinensis      

Iguana iguana KR350699.1     

Japalura (Diploderma) 
flaviceps 

MK001472.
1     

Leiocephalus personatus      

Leiolepis belliana HQ876324.1 JF804181.1 JF804354.1 JN568538.1 JF804632.1 

Liolaemus bellii HQ876331.1 JF804184.1 JF804356.1 JN702934.1 JF804634.1 

Microlophus grayii      

Moloch horridus JF804595.1  JF804357.1 JN702955.1 JF804635.1 
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Morunasaurus annularis HQ876328.1  JF804358.1 JN702931.1 JF804636.1 

Oplurus cuvieri      

Oplurus cyclurus HQ876332.1 GU456075.1 GU456151.1 GU456186.1 GU456228.1 

Petrosaurus mearnsi HQ876333.1 JF804187.1 JF804359.1 JN702922.1 JF804637.1 

Phrynocephalus mystaceus JF804596.1 JF804188.1 JF804360.1 JN702924.1 JF804638.1 

Phrynosoma modestum KJ124012.1 KR360430.1 KR360111.1  KR360287.1 

Phymaturus palluma JF804598.1 JF804190.1 JF804362.1 JN702899.1 JF804640.1 

Physignathus cocincinus HQ876322.1 JF804191.1 JF804363.1 JN702938.1 JF804641.1 

Plica plica JF804607.1 JF804204.1 JF804376.1 JN702926.1 JF804653.1 

Pogona vitticeps JF804600.1 JF804193.1 JF804365.1 JN702947.1 JF804643.1 

Polychrus marmoratus HQ876335.1 JF804194.1 JF804366.1 JN702906.1 JF804644.1 

Pristidactylus torquatus JF804601.1 JF804195.1 JF804367.1 JN702950.1 JF804645.1 

Rhampholeon spectrum      

Rieppeleon kerstenii      

Sauromalus ater JF804603.1 JF804198.1 JF804370.1 JN702909.1 JF804648.1 

Sauromalus obesus      

Sceloporus variabilis JF804604.1 JF804199.1 JF804371.1 JN702923.1 JF804649.1 

Stenocercus guentheri HQ876337.1 JF804200.1 JF804372.1 JN702951.1 JF804650.1 

Trioceros melleri      

Tropidurus hispidus      

Uma scoparia JF804608.1 JF804205.1 JF804377.1 JN702920.1 JF804654.1 

Uranoscodon superciliosus JF804609.1 JF804206.1 JF804378.1 JN702945.1 JF804655.1 

Uromastyx aegyptia      

Uromastyx (Saara) hardwickii HQ876325.1 GU456074.1 GU456150.1  GU456227.1 

Urostrophus vautieri HQ876330.1 JF804207.1 JF804379.1 JN702921.1 JF804656.1 

Uta stansburiana JF804610.1 JF804208.1 JF804380.1 JN702946.1 JF804657.1 
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Table A5.3. GenBank accession numbers for the 5 mitochondrial loci.  

Species 12S 16S 
CO1 

(= COX1, 
COI) 

Cytb ND2 

Sphenodon punctatus AF534390.1 AF534390.1 NC_004815.1 NC_004815.1 NC_004815.1 

Gekko gecko NC_007627.1 NC_007627.1 NC_007627.1 NC_007627.1 NC_007627.1 

Varanus salvator NC_010974.1 NC_010974.1 NC_010974.1 NC_010974.1 NC_010974.1 

Acanthosaura lepidogaster KR092427.1 KR092427.1 KR092427.1 KR092427.1 KR092427.1 

Agama agama  JF520680.1 KF604749.1  AF128504.1 

Amblyrhynchus cristatus NC_028031.1 NC_028031.1 NC_028031.1 NC_028031.1 NC_028031.1 

Anolis carolinensis NC_010972.2 NC_010972.2 EU747728.2 NC_010972.2 NC_010972.2 

Basiliscus vittatus NC_012829.1 NC_012829.1 NC_012829.1 NC_012829.1 NC_012829.1 

Brachylophus fasciatus    KX610572.1 AF528721.1 

Bradypodion occidentale  HQ130519.1   AF448728.1 

Brookesia brygooi  JN674044.1 JQ909275.1  AF448774.1 

Brookesia decaryi NC_014174.1 NC_014174.1 NC_014174.1 NC_014174.1  

Callisaurus draconoides AF194257.1 L41441.1 KP899449.1 DQ001780.1 AY297492.1 

Calotes emma   MG935448.1 AB263942.1  

Calotes versicolor NC_009683.1 NC_009683.1 NC_009683.1 NC_009683.1 NC_009683.1 

Chalarodon madagascariensis NC_012836.1 NC_012836.1 NC_012836.1 NC_012836.1 NC_012836.1 

Chamaeleo calyptratus   NC_012420.1 NC_012420.1  

Chamaeleo chamaeleon NC_012427.1 NC_012427.1 NC_012427.1 NC_012427.1 NC_012427.1 

Conolophus marthae KR350838.1 KR350861.1 KR350813.1 FJ535989.1 KR350767.1 

Conolophus pallidus KR350821.1  KR350796.1 KX610586.1 KR350750.1 

Conolophus subcristatus NC_028030.1 NC_028030.1 NC_028030.1 NC_028030.1 NC_028030.1 

Corytophanes cristatus   MH140109.1  AF528717.1 

Crotaphytus collaris L40439.1 L41443.1 KU985978.1 EU037439.1 EU038488.1 

Ctenosaura pectinata    KX610597.1  

Ctenosaura similis    KU664598.1  

Cyclura carinata    KX610601.1  



444 

Cyclura cornuta      

Dipsosaurus dorsalis  KC621331.1 KU985572.1 KX610605.1 AF049857.1 

Draco blanfordii AB023733.1 MG935759.1 MG935463.1  AF128477.1 

Draco volans AB023730.1 AB023770.1 KU986311.1  AF288267.1 

Enyalioides laticeps KY982512.1 KY982408.1   AF528719.1 

Furcifer oustaleti NC_008777.1 NC_008777.1 JQ909374.1 NC_008777.1 NC_008777.1 

Gambelia wislizenii NC_012831.1 NC_012831.1 KU985618.1 NC_012831.1 NC_012831.1 

Holbrookia maculata   KU985569.1 EU543769.1  

Hydrosaurus amboinensis NC_014178.1 NC_014178.1 NC_014178.1 NC_014178.1 NC_014178.1 

Iguana iguana NC_002793.1 NC_002793.1 NC_002793.1 NC_002793.1 NC_002793.1 

Japalura (Diploderma) 
flaviceps NC_039541.1 NC_039541.1 NC_039541.1 NC_039541.1 NC_039541.1 

Leiocephalus personatus NC_012834.1 NC_012834.1 NC_012834.1 NC_012834.1 NC_012834.1 

Leiolepis belliana AB537554.1 AB537554.1 AB537554.1 AB537554.1 AB537554.1 

Liolaemus bellii AY662069.1   MH178576.1 AF099223.1 

Microlophus grayii EF615617.1 FJ458502.1  FJ458894.1 AY625170.1 

Moloch horridus     AF128467.1 

Morunasaurus annularis     AF528720.1 

Oplurus cuvieri U39587.1 AF215260.1 JQ909483.1 KY942063.1 U82685.1 

Oplurus cyclurus   JQ909484.1 KY942064.1  

Petrosaurus mearnsi L40444.1 L41450.1 KU985580.1 GQ272777.1 GQ502768.1 

Phrynocephalus mystaceus NC_021131.1 NC_021131.1 MG257706.1 NC_021131.1 NC_021131.1 

Phrynosoma modestum DQ385397.1 L41455.1 KU986259.1 AY141091.1 DQ385350.1 

Phymaturus palluma KT203839.1   KT203834.1 AF099216.1 

Physignathus cocincinus KM272197.1 KM272197.1 KM272197.1 AB263945.1 U82690.1 

Plica plica AB218961.1 AB218961.1 AB218961.1 AB218961.1 AB218961.1 

Pogona vitticeps NC_006922.1 NC_006922.1 NC_006922.1 NC_006922.1 NC_006922.1 

Polychrus marmoratus NC_012839.1 NC_012839.1 NC_012839.1 NC_012839.1 NC_012839.1 

Pristidactylus torquatus KT342933.1 L41456.1  KT342906.1  

Rhampholeon spectrum AM055682.1 AJ609599.1    
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Rieppeleon kerstenii AB474918.1 AB474918.1 AB474918.1 AB474918.1  

Sauromalus ater   KU985584.1 KX610612.1  

Sauromalus obesus    AF020223.1 U82687.1 

Sceloporus variabilis GQ464573.1 L41479.1 KU985786.1  AY297507.1 

Stenocercus guentheri  L41481.1 JQ687071.1  JQ687071.1 

Trioceros melleri NC_014176.1 NC_014176.1 NC_014176.1 NC_014176.1 NC_014176.1 

Tropidurus hispidus KU245279.1 KU245305.1 KM588056.1 KU245065.1 AY625153.1 

Uma scoparia AF194260.1  MH274758.1 EU543750.1 EU543782.1 

Uranoscodon superciliosus KU245288.1 KU245315.1 KU245105.1 KU245082.1 AF528749.1 

Uromastyx aegyptia FJ639656.1 FJ639620.1  AB116942.1 AB113805.1 

Uromastyx (Saara) hardwickii    AB474757.1  

Urostrophus vautieri    KT342907.1 AF528734.1 

Uta stansburiana NC_027261.1 NC_027261.1 NC_027261.1 NC_027261.1 NC_027261.1 

 

Table A5.4. Information on aligned gene sequences used in the phylogenetic analyses. Data 

about the genes where retrieved from the GenBank online database (Coordinators 2016) 

(https://www.ncbi.nlm.nih.gov/genbank/).  

Gene code Full gene name 
Aligned 
sequence 

length 

AKAP9 A-kinase anchoring protein 9 1463 

BDNF Brain derived neurotrophic factor 669 

BMP2 Bone morphogenetic protein 2 633 

CAND1 Cullin associated and neddylation dissociated 1 759 

CARD4 Caspase recruitment domain family, member 4 912 

C-mos Moloney sarcoma oncogene 729 

CXCR4 C-X-C motif chemokine receptor 4 669 

ENC1 Ectodermal-neural cortex 1 879 

https://www.ncbi.nlm.nih.gov/genbank/
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HLCS Holocarboxylase synthetase 585 

NTF3 Neurotrophin 3 588 

R35 (= GPR149) G protein-coupled receptor 149 708 

SLC8A1 Solute carrier family 8, member A1 996 

TRAF6 TNF (Tumor necrosis factor) receptor associated factor 6 627 

VCPIP1 Valosin containing protein interacting protein 1 789 

ZEB2 Zinc finger E-box binding homeobox 2 879 

12S Segment 12S(Svedberg), ribosomal RNA 537 

16S Segment 16S(Svedberg), ribosomal RNA 906 

CO1 (= COX1, 
COI) Mitochondrially encoded cytochrome c oxidase I 1521 

Cytb Mitochondrially encoded cytochrome b 1053 

ND2 Mitochondrially encoded NADH (nicotinamide adenine 
dinucleotide, reduced form) dehydrogenase 2 966 

 

Table A5.5. Best partitioning scheme and best-fit models for the aligned gene sequences 

generated with PartitionFinder 2.1.1 (Lanfear et al. 2012; Lanfear et al. 2016). 

Subset Partition Length Model of evolution 

1 12S 537 GTR+I+G 

2 16S 906 GTR+G 

3 CO1 1521 GTR+I+G 

4 Cytb 1053 GTR+I+G 

5 ND2 966 GTR+I+G 

6 AKAP9 1463 GTR+I+G 

7 BDNF 669 GTR+I+G 

8 CXCR4, BMP2 1302 SYM+I+G 

9 ZEB2, CAND1 1638 GTR+I+G 
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10 CARD4 912 HKY+I+G 

11 TRAF6, C-mos 1356 GTR+I+G 

12 ENC1 879 GTR+G 

13 HLCS 585 GTR+G 

14 NTF3 588 GTR+I+G 

15 R35 708 GTR+I+G 

16 SLC8A1 996 SYM+I+G 

17 VCPIP1 789 SYM+I+G 
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Appendix 5.6 – Supplementary figures. 

 

Figure A5.1. Time-calibrated maximum-clade credibility topology resulting from the Bayesian 

analysis of combined molecular and morphological data with posterior probability gradient of 

values illustrated on branches.   
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Figure A5.2. Strict consensus tree resulting from the EWMP analysis of morphological data. 
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Figure A5.3. Strict consensus tree resulting from the IWMP analysis of morphological data.  
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CHAPTER 6 

 

General Conclusions 

 

 

In my dissertation, I analysed the modern marine iguana Amblyrhynchus cristatus Bell, 

1825, to provide a detailed description of its anatomy and revised the morphological characters 

that are used to assess the phylogenetic relationships of all iguanians. I used Amblyrhynchus as a 

source of novel morphological characters and as a model for comparison of functional 

adaptations between living and fossil marine lizards.  

Chapter 1 includes a general introduction to the taxonomy and overview of the fossil 

record of Iguania, with a more detailed review of the clade including the marine iguana, the 

family Iguanidae. In Chapter 2, I presented a detailed description of the cranial anatomy of 

Amblyrhynchus. In my study, I examined several specimens of marine iguana, including skeletal, 

wet, and ct-scanned material, and individuals at different ontogenetic stages. I also analyzed 

specimens of all other modern iguanid genera (Conolophus, Iguana, Ctenosaura, Cyclura, 

Dipsosaurus, Brachylophus, Sauromalus) in order to make comparisons between Amblyrhynchus 

and its closest relatives. I was able to identify several autapomorphic features that distinguish the 

marine iguana from all other iguanids. These unique morphologies are mostly associated with the 

modified configuration of the snout (nasal chamber), increased muscle attachments in the 

temporal-postorbital region of the skull, and dentition. Some of the new cranial features 

described for Amblyrhynchus also represent a source of novel morphological characters that I 

used in my phylogenetic analyses to assess the relationships of all iguanians (Chapter 5). As the 
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marine iguana is the only modern limb-bearing squamate adapted to a partially marine lifestyle, 

comparisons with fossil marine lizards proved particularly insightful to discuss and identify some 

functional adaptations.  

On the other hand, the anatomy of the marine iguana provides an excellent model to 

interpret fossil lizards showing a less derived aquatic body plan. This is the case for instance for 

some basal mosasauroids and their close relatives, the dolichosaurids. In Chapter 3 I describe a 

new dolichosaur (Squamata, Pythonomorpha) from Late Cretaceous deposits of the Apulian 

Platform, Southern Italy. Primitivus manduriensis gen. et sp. nov. fills an important 

paleogeographic gap in the range of distribution of dolichosaurs in the Mediterranean Tethys, 

and extends the stratigraphic range of these marine lizards to the upper Campanian–lower 

Maastrichtian. The new specimen shows exceptional preservation of the soft tissues (muscles 

and scales) and possess a combination of aquatic and terrestrial features, more similar to the 

modern marine iguana than to the fully aquatic and closely related mosasauroids. In fact, 

Primitivus displays a fairly conservative morphology in terms of both axial elongation of the 

trunk and limb reduction, and the coexistence of aquatic adaptations, together with features 

hinting at the retention of the ability to move on land, suggests a semi-aquatic lifestyle that was 

likely similar to that of the modern marine iguana.  

Further comparisons across aquatic and terrestrial lizards regarding the anatomy of the 

articulation between the pelvic girdle and sacral vertebrae via a sacral rib – also known as 

iliosacral joint (ISJ) – led directly to the topic treated in Chapter 4. Here, I explore the anatomy 

of this articulation from an osteological and histological perspectives, providing data from 

several limb-bearing lizards and comparing both fossil and living species. I performed a survey 

of the variability of the structures associated with the iliosacral joint, i.e., sacral ribs and ilium, 
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and showed how such features can be directly correlated to specific lifestyles. The marine 

iguana, for instance, shares with both dolichosaurids and basal mosasauroids the reduction of the 

anterior supracetabular process of the ilium. This process is still functional as site of ligament 

attachment in Amblyrhynchus, but quite blunt in comparison to all terrestrial limbed lizards. In 

dolichosaurids and basal mosasaurids (i.e., aigialosaurs), the reduction of these process is even 

more extreme, usually with a weak spur left in its place. Osteologically, I recorded consistent 

variability in all three processes of the ilium (preacetabular, supracetabular and posterior) and the 

two sacral ribs typically present in limbed squamates (e.g., Snyder 1954, Hoffstetter & Gasc 

1969). Based on my observations and comparisons with previous studies, I determined that this 

variability in lizards correlates directly with posture and type of locomotion. The presence of a 

cavity between the ilium and sacral ribs, abundant articular cartilage and fibrocartilage, and a 

surrounding membrane of dense fibrous connective tissue allowed me to define this contact as a 

synovial joint. By comparison, the two sacral ribs are connected to each other mostly by dense 

fibrous tissue, with some cartilage found more distally along the margins of the two ribs, 

defining this joint as a combination of a syndesmosis and synchondrosis. Considering the 

intermediary position of the ISJ between the axial and appendicular skeletons, the shape of the 

articular surfaces of the sacral ribs and ilium, and the characteristics of the muscles associated 

with this structure, I argue that the mobility of the ISJ is primarily driven by the movements of 

the hindlimb during locomotion. I hypothesize that limited torsion of the ilium at the ISJ happens 

when the hip is abducted, and the joint is likely able to absorb the compressional and extensional 

forces related to the protraction and retraction of the femur. The mix of fibres and cartilage 

between the two sacral ribs instead serves primarily as a shock absorber, with the potential for 

limited vertical translation during locomotion.  
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Finally, In Chapter 5 I present a revised phylogenetic analysis of Iguania based on 

combined morphological and molecular evidence. My new dataset includes the largest sampling 

of fossil taxa ever tested in a phylogeny of iguanians before. In fact, several of the fossil species 

that I was able to examine in person, were never assessed phylogenetically and their 

classification was based solely on anatomical comparisons. A detailed description of all the 

morphological characters that I revised from the literature or formulated anew is also provided in 

an appendix to this chapter, with explicit examples from the scorings and some illustrations. 

With the results of my analysis, I provide a new framework for the internal classification of 

iguanians that is more inclusive of the great diversity and complexity of these long-lasting 

squamate lineage, accounting for both extant and fossil taxa. Assembling a comprehensive 

phylogenetic dataset of iguanian lizards had important implications associated with multiple 

aspects of iguanian evolution that could not go unnoticed. Nor I could limit the discussion of my 

results to the origins and evolution of the marine iguana as originally intended.  

 

6.1 A revised taxonomy of Iguania 

Thanks to the new phylogenetic hypothesis, I was able to provide a revised classification 

of Iguania that hopefully will clarify the use of some taxonomic categories. I suggested to limit 

the use of Acrodonta and Pleurodonta to the two main iguanian crown groups, each branching 

from a common ancestor shared with a different fossil group. This is generally more consistent 

with the previous use of both taxa in the literature. To account for the sister-group relationship 

between Pleurodonta and its closest fossil relatives, I established the new clade Iguaniformes. 

This reflects the formalisation of Chamaeleontiformes by Conrad (2008) to include Acrodonta + 

Priscagamidae.  
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Encompassing the diversity of the iguanian fossil record is probably one of the highest 

achievements of my phylogenetic analysis. Priscagamidae, recovered as stem 

chamaeleontiforms, appears much more diverse than previously thought and has an extended 

temporal range. In fact, with the inclusion of the Oligo-Eocene fossil taxon Arretosaurus, 

priscagamids are inferred to survive the K/Pg extinction and are no longer restricted to the Late 

Cretaceous. Fossil taxa recovered as basal iguaniforms do not form a single monophyletic clade 

like the priscagamids on the chamaeleontiform side of the tree. The Late Cretaceous 

gobiguanians, as originally defined by Conrad & Norell (2007), form a monophyletic group, 

while other fossil iguaniforms of the same age from Gobi – Isodontosaurus, Desertiguana, 

Polrussia – branch separately, either as most basal or as sister to all Pleurodonta. Other fossil 

taxa are recovered as nested within either Acrodonta or Pleurodonta. The Eocene 

changjiangosaurids from Gobi represent the sister-group to modern chamaeleonids, while 

Tinosaurus and Pseudotinosaurus are recovered within Chamaeleonidae. The two Late 

Cretaceous fossil taxa Jeddaherdan and Gueragama are nested within this group and recognized 

as members of the Uromastycidae, together with modern Uromastyx. Two fossil iguaniforms are 

nested with crown pleurodontans: the Eocene Geiseltaliellus from Messel, and Aciprion from the 

Oligocene of North America. However, their sister relationships remain poorly resolved, as their 

positions are the least stable across all my analyses, and so a more accurate classification for 

these two taxa is not possible at this stage.  

With the nesting of fossil taxa within the crown groups, some adjustments to the 

traditional classification of modern iguanians were necessary. Leiolepis and Uromastycidae fall 

outside of Agamidae and form their own clade – that I formalised as Uromastyoidea – 

representing together the sister-group to modern agamids. This is not unexpected as the former 
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Agamidae sensu Estes et al. (1988) or Frost & Etheridge (1989) was already recognized as 

paraphyletic. This becomes even more obvious when taxon sampling is increased and fossils are 

also involved. Some of the subfamilies typically used to divide Agamidae are recovered in the 

combined evidence analysis and no major changes are found in comparison to previous studies. I 

formalised the clade including agamids, leiolepids, and uromastycids as the Dracosauria 

(meaning ‗dragon-like lizards‘) which represents the sister-taxon to Chamaelonoidea (stem + 

crown chamaeleonids).  

The origins and biogeographic history of modern chamaeleons change substantially with 

the new phylogenetic hypothesis presented here. With the re-interpretation of the Paleogene 

changjiangosaurids as stem-chamaeleonoids and the nesting of Tinosaurus and Pseudotinosaurus 

in crown Chamaeleonidae, the original range of distribution of these lizards become suddenly 

much broader and ancient than previously thought (see Georgalis et al. 2016; Tolley et al. 2013). 

Like most iguanian lineages, the evolutionary history of chamaeleons seems to have started in 

the Late Cretaceous and in my opininon is strongly tied to the evolution of priscagamids, for 

reasons that I explain extensively in Chapter 5.  

Changes in the classification of chamaeleontiforms in particular are affected by my re-

interpretation of the acrodont versus pleurodont conditions in iguanians. The separation of 

iguanians into the two taxonomic categories Acrodonta and Pleurodonta reflects the differences 

in tooth-jaw geometries found between most of the members of the two groups. Traditionally, 

acrodont implantation has been used to indicate that the teeth are positioned apically on the jaw 

bone, as it appears in most crown chamaeleontiforms, while pleurodont implantation refers to the 

teeth being located on the lingual side of the jaw, as in all iguaniforms and some 

chamaeleontiforms (e.g., Bertin et al. 2018; Haridy 2018; LeBlanc et al. 2020b; Owen 1840-
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1845; Peyer 1968; Tomes 1874). As more fossils of iguanians emerged, several intermediate 

conditions have been described and quite often tooth geometries are masked by macroscopic and 

superficial observations. There are several new studies available on dental attachment and 

implantation in lizards as well as other amniotes, and I believe that this new knowledge can bring 

new insights into the evolutionary patterns associated with dental morphologies in iguanians. 

With my revised morphological characters, I addressed the single features that can contribute to 

determine an overall acrodont or pleurodont appearance separately, and used the results of some 

recent studies to update the common interpretation of these conditions in iguanians (Bertin et al. 

2018; Buchtová et al. 2013; Dosedělová et al. 2016; Haridy 2018; LeBlanc et al. 2017; LeBlanc 

et al. 2020b; Zahradnicek et al. 2014). 

 

6.2 The colonization of the Galápagos Islands and other cases of disjointed distribution 

With a more complete picture of the relationships of iguanians over time and a new 

phylogenetic framework to rely on, I was able to discuss some of the widespread theories 

currently available in the literature to explain the modern distribution of chamaeleontiforms and 

iguaniforms across the world. In particular, I focused on the most evident examples of disjointed 

biogeographic history, such as the oplurids in Madagascar and the iguanids that are spread across 

the Americas and the Pacific islands.  

In Chapter 5 I argue that iguanids may have colonized the ancient Galápagos Islands as 

long as 20-25 Ma via a dispersal event from the Caribbean area. The activity of the Galápagos 

Hotspot that is producing these islands became active at least 80-90 Ma and former islands as old 

as 19-20 Ma have been found at the bottom of the ocean close to Costa Rica (Christie et al. 1992; 

Geist 1996; Grehan 2001; Neall & Trewick 2008; Werner et al. 1999). Before the splitting of the 
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Farallon Plate into the Cocos and Nazca Plates – where the modern Galápagos are located – the 

islands were closer to the Caribbean. After the break-up of the Farallon Plate around 25 Ma, the 

Nazca Plate rotated and started drifting east (instead of north-east) and its subduction under the 

South American Plate is still ongoing (Duncan & Hargraves 1984; Grehan 2001; Kelley et al. 

2019; Neall & Trewick 2008; Orellana-Rovirosa & Richards 2018). This is why more recent 

Galápagos islands (9-11 My) are found instead off of the cost of Ecuador (Christie et al. 1992; 

Geist et al. 2014). The iguanas would have undergone an initial dispersal event from the region 

of the Caribbean plate, which would then have been followed by constant short-range hopping 

from older to newer islands that were continually being produced by the activity of the 

Galápagos Hotspot. This, coupled with a certain degree of vicariance associated with plate 

movements, finally caused the iguanas to inhabit the modern Galápagos archipelago. This 

scenario is also consistent with the fact that the Galápagos iguanas share a more recent common 

ancestor with Ctenosaura from Central America and with the unusually old divergence time 

estimates that are persistently inferred in phylogenetic studies, especially those based on 

molecular (mitochondrial and nuclear) data (Noonan & Sites Jr 2009; Rassmann 1997; 

Rassmann et al. 1997a; Townsend et al. 2011; Wyles & Sarich 1983; this study).  

The presence of iguanids across several Melanesian and Polynesian islands is possibly 

more difficult to explain, considering the greater distance between the majority of modern 

iguanids and Brachylophus, the only living genus currently known from the Fiji-Tonga. 

However, if we apply the mechanism described for the colonization of the Galápagos over a 

longer period of time, starting at least in the Late Cretaceous, we may have a reasonable 

explanation for the colonization of multiple South Pacific islands, without the need of one or 

more recent long-range rafting events from the Americas (cf. Noonan & Sites Jr 2009). In the 
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case of the Fiji and Tonga archipelagos, there is greater complexity added by documented 

evidence of human settlers carrying the iguanas from islands to islands as food source, thus 

introducing these lizards in islands where they were not present before (Pregill & Steadman 

2004; Pregill & Worthy 2003). However, this human-mediated dispersal can only explain the 

larger spreading of iguanids across Melanesia and Polynesia but not their overall presence in this 

area of the Pacific. I still find it to be more likely that as Noonan & Sites Jr (2009) suggested, the 

mosaic distribution of modern Iguanidae is simply what is left of a much larger and widespread 

iguanid group that was present across the Pacific since possibly the Paleogene, or even earlier. 

Unfortunately, it is highly unlikely that we will ever find fossil evidence in support of this 

scenario, as most Pacific islands are short-lived and volcanic rocks are not ideal for fossil 

preservation.  

Persistence of a long-lasting lineage of Gondwanan iguaniforms is also my preferred 

hypothesis to explain the presence of oplurids in Madagascar. These are the only pleurodontan 

iguanians currently found outside of the Americas and Pacific islands, in the midst of what is 

considered to be the area of distribution of acrodontan iguanians. We have no fossil evidence in 

either Madagascar or on the African mainland that can help to reconstruct the biogeographic 

history of pleurodontans in this area of the world and the more closely related fossil iguaniforms 

are either from the Late Cretaceous of South America (e.g., Pristiguana, Brasiliguana) or the 

Eocene of Europe (e.g., Geiseltaliellus) (Apesteguía et al. 2005; Estes & Price 1973; Nava & 

Martinelli 2011; Smith 2009). Oplurids are more often recovered as more closely related to 

South American pleurodontans in phylogenetic analyses, and in my results the age estimates for 

their divergence is fairly old based on combined evidence (65 Ma). The alternative to this 

hypothesis would require a more recent dispersal event from either Eurasia or South America; 
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however, the lack of oplurids or any pleurodontans in general anywhere near Madagascar, makes 

this scenario less likely. This could obviously change if new fossil evidence become available.  

 

In conclusion, my research provides the first comprehensive phylogenetic analysis of 

fossil and living iguanian lizards, based on combined morphological and molecular evidence. I 

focused on the study of the anatomy of the Galápagos iguanid Amblyrhynchus cristatus to 

perform a revision of the morphological characters used to assess phylogenetic relationships 

across iguanians and presented a new phylogenetic hypothesis of iguanian evolution.  

The results of my work have important implications for the manner in which we interpret 

the evolutionary patterns and biogeographic history of the clades that are part of Iguania. They 

also offer another clear example of how the inclusion of fossils in phylogenetic analyses has 

major impacts in the reconstruction of the evolutionary history of long-lasting groups of 

organisms, as many authors have argued previously (e.g., Gauthier et al. 1988;  Gauthier et al. 

2012; Caldwell 2007; Simões et al. 2015; Lee 1998; Wiens 2004; 2005; Wiens et al. 2010; 

Reeder et al. 2015; Mongiardino Koch et al. 2021). My revised classification of iguanians relies 

heavily on the reconstruction of the relationships of some key fossil iguanians. I hope that the 

results presented here will help clarify the use of some historically problematic taxonomic 

categories as well as provide a better framework for future phylogenetic and systematic studies 

on this highly diverse squamate lineage.  
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