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Appendix 1
Coding issues in Lyson et al. (2013b) and Schoch and Sues (2015)
Anthodon
	The pareiasaur Anthodon from the upper Permian Cistecephalus assemblage zone of the Karoo basin in South Africa is among the geologically youngest and most derived pareiasaurs (Lee, 1997). The coding of this taxon is problematic in several places in the matrix of Lyson et al. (2013b) and the revised version in Schoch and Sues (2015): 
1. Character 1, size of the premaxilla, is coded as being small (0), but it is relatively large (1), forming almost the entire anterior margin of the snout. 
2. Character 16, the maxilla and quadratojugal are in contact, is miscoded in Anthodon as present (1), but the jugal separates these bones slightly so it should be coded absent (0). 
3. Character 19 is coded as preorbital region being longer than the postorbital region (0). In fact, the opposite is true–the postorbital is longer (2) (Lee, 1997). 
4. Character 34, coded as squamosal excluded from the zygomatic arch (0), this character is problematic, as Anthodon does not have a zygomatic arch. 
5. Character 73, while most pareiasaurs have a cresentric interptergoid vacuity (1), Anthodon’s tapers anteriorly (0) and thus is miscoded. 
6. Character 83, is coded as coronoid process absent (0). Anthodon has a coronoid process formed by the coronoid bone (1), so this is miscoded. Given that this is a diagnostic feature of pareiasaurs (Lee, 2000), this is a major oversight. 
7. Character 120, the number of coracoid ossifications coded as two ossifications (1), but the coracoid is a single ossification in Anthodon (0). 
8. Character 180, dorsal ribs curved or nearly straight, is problematic, as the ribs of Anthodon are not known. Furthermore, in pareiasaur genera such as Scutosaurus and Deltavjatia, the ribs do not meet a sternum (Lee, 2000). As such, coding of the inferred presence of a sternum in Anthodon is problematic based on its closest relatives. 
9. Character 42, the proportions of the quadratojugal, is coded as longer than high by a factor of at least three (0). In fact, it is less than twice as long, so it meets none of the described character states, instead being intermediate between states 0 and 1. 
10. Character 198 is coded as the absence of a lateral pubic process (0). This is present (1) on all sufficiently known pareiasaurs, and well developed in Anthodon (Lee, 1994). 
Together, this means a total of 10 characters (5% of the total) are coded incorrectly. This raises concerns that this might also be the case for other species not examined by us in such detail. 
Proganochelys quenstedti
The stem turtle Proganochelys quenstedti is from the Upper Triassic (Norian) of Germany. It is the most completely known Triassic turtle; its anatomy was described in great detail by Gaffney (1990). Some coding problems found in this taxon are addressed below. 
1. Character 15 is coded as maxilla excluded from the orbital margin (0), but Gaffney (1990, p. 61) specifically states that the maxilla contacts the orbital rim (1), blocking the lacrimal-jugal contact. 
2. Character 20, the relative length of the prefrontal-palatine contact, is coded as broad, approaching the midline (1). However, published material (Gaffney, 1990) suggests it should be coded as narrow (0), as it occupies approximately the medial third of the width of the skull on each side of the midline. 
3. Character 53 is coded as supratemporal present and large (0), but Gaffney (1990) states that the supratemporal is relatively small (1), and this appears to be the case (Gaffney, 1990, figures 16 and 22). 
4. Character 83, the presence of a distinct coronoid process, is coded as absent (0). But, Proganochelys quenstedti does have a coronoid process formed by the coronoid bone (1) (Gaffney, 1990, p. 94-96), which brings into question the word “distinct”. Does this mean that Lyson et al. (2013b) considered this process indistinct or too small to be present? 
5. Character 118, the acromion process, is coded as present and pointed cylindrical (2), but it is blade-like (1) (Gaffney, 1990). 
6. Character 165 is coded as body osteoderms few and restricted to the midline (1), but the entire dorsal surface of Proganochelys quenstedti is covered in osteoderms (2). 
7. Character 168, the presence of gastralia, is coded as present (0) in the matrices of Lyson et al. (2013b) and Schoch and Sues (2015). Gastralia are assumed to be present based on the co-origin of plastral bones (Trachemys) and gastralia (Alligator) from neural crest cells (Gilbert et al., 2007a). However, this is not justified, as these structures form in very different ways from those starting cells (Gilbert et al., 2007a). An independent origin of gastralia in Gecko, Alligator and, possibly, temnospondyl amphibians has previously been suggested (Gilbert, 2007a). It is a distinct possibility that these same cells provide the basis for another independently originating structure. For example, dermal bone also forms the ventral osteoderms of pareiasaurs. Plate-like structures such as the plate-like ventral osteoderms of pareiasaurs would be more consistent with the anatomy of Chinlechelys tenertesta, which shows no sign of the presence of gastralia. Furthermore, the studies of Gilbert et al. (2001, 2007a, b) show no sign of elongate structures like gastralia; instead, expanding plates of bone are formed from the lateral margins, converging toward the embryonic fontanelles of the turtle shell. Contrary to the proposed models involving paired nonoverlapping gastralia (Lyson et al., 2013b), these plates' edges cross the midline and intermingle with one another. In summary, for this reason we think it is an unsupported assumption to code character 168 as gastralia present (0), and a better approach would be to code this as ambiguous. 
8. Character 186, gastralia with lateral and medial segments, is also an unsupported assumption as discussed under character 168. 
9. Character 197, anterior gastralia with posteriorly facing median parts, intermediate ones straight medially, and posterior ones with anteriorly facing median parts, as present (1) is also an unsupported assumption as discussed in character 168; we suggest coding it as ambiguous (?) in both Proganochelys quenstedti and Odontochelys. 
10. Character 191, the absence of osteoderms or other dermal plates (0) in Proganochelys quenstedti, is an assumption at this point and should be coded as ambiguous. 
11. Character 171 is coded as the ribs meeting or lying on top of one another (1), and assumes that the costals are formed entirely from the broadening of the ribs (e.g. Lyson et al., 2013). However, this contradicts embryological studies (Gilbert et al., 2008; Scheyer et al., 2008; and Rice et al., 2015), which suggest a dual endo- and exoskeleton component to the costal bone. This endoskeletal component is homologous to the ribs of other amniotes, but these portions of the costal bone do not touch one another. Furthermore, the ribs of Chinlechelys tenertesta do not touch one another and instead are broadly separated. The morphology of the ribs in Chinlechelys tenertesta fits the hypothetical model proposed by Scheyer et al. (2008, p. 1018) for the origin of the turtle shell from an osteoderm-bearing ancestor. In addition, the lack of coordination in the arrangement of the costal bones and the underlying ribs may fit the model of Gilbert et al. (2007b) in which the ribs enter the dermis, which had not yet occurred in Chinlechelys tenertesta, and become organizing centers for the ossification of the costal bones. Given this information, character 171 should be coded as not meeting or lying on top of each other (0). 
12. Furthermore, the reported presence of dermal bone in the costal (Gilbert et al., 2007b; Scheyer et al., (2008); and Rice et al., 2015) indicates that character 179, outgrowth of dermal bone from perichondral collar of dorsal ribs, should be coded as present–dermal bone growing out of the perichondral collar (2) rather than dorsal ribs have endochondral ossification (1). 
13. In this same vein, given the presence of sutured osteoderms in Chinlechelys tenertesta, character 188, dorsal osteoderms sutured or unsutured to one another, coded as “?” by Lyson et al. (2013b) and Schoch and Sues (2015), should be coded as sutured (1). This is because the coding of ambiguous is based on the assumption that costals and neurals are not osteoderms, though Chinlechelys tenertesta strongly suggest that these bones are osteoderms. 
14. Character 196 is coded as dorsal process of the maxilla tall with a pointed apex (1). Gaffney (1990, figure 16, 29) clearly shows a rounded point to the dorsal process of the maxilla (0) in Proganochelys quenstedti, more in line with what is seen in a wide variety of parareptiles and not similar to that seen in Pappochelys. Furthermore, character 196, dorsal process of maxilla absent or if present rounded (0) or tall with pointed apex (1), added in Schoch and Sues (2015), appears to replicate character 11 and thus adds redundant weight to this one feature. 
In total, 14 characters (7% of the total) are scored incorrectly
Appendix 2
Coding changes from Szczygielski (2017)

Proganochelys quenstedti
In scoring Chinlechelys tenertesta for the matrix of Szczygielski (2017) we noticed some issues with Proganochelys quenstedti similar to those from Schoch and Sues (2015) (Appendix 1) and decided to review the scoring of this taxon in its entirety. 

1. Character 3, Proganochelys quenstedti has a downturned ventral margin of the premaxilla (1), not a horizontal ventral margin (0), based on Gaffney (1990, figure 24-25) and a cast of Proganochelys (NMMNH C-3190). 
2. Character 38 in Proganochelys quenstedti, the prefrontal and the palatine are in contact (1), according to Gaffney (1990, p. 37-39) not absent (0) as previously coded. 
3. Character 40, the presence and development of the foramen orbito-nasale, is coded as "?" but it should be coded as (2) enclosed between prefrontal, lacrimal and palatine (Gaffney, 1990, figure 42). 
4. Character 76, jugal subtemporal process, is coded as present (0) but is absent (1) (Gaffney, 1990). 
5. Character 77, the extent of the subtemporal process, is absent so it should be coded as ambiguous (?), not nearly reaches the posterior limit of the skull (1). 
6. Character 78, subtemporal process morphology, was coded as robust (1) but should be coded as ambiguous (?). 
7. Character 86, quadratojugal ornamentation, was coded as absent (0), but should be coded as present (1) (Gaffney, 1990). 
8. Character 103, the anterior extent of the pterygoid, was coded as reaching the level of the posterior end of the choana (0), but it does not reach this far anteriorly (1). 
9. Character 116, the presence of ectopterygoid teeth, was coded as absent (1), but given the absence of the element the presence of teeth on it is equivocal and should be coded as ambiguous (?). 
10. Character 138, the development of the sagittal crest, is coded as constricted at midline forming crest (1), but it is not strongly constricted (0) (Gaffney, 1990). 
11. Character 154, the location of the mandibular joint relative to the occipital condyle, is coded as (1) mandibular joint even with the occipital condyle. This should be coded as (2) mandibular joint anterior to the occipital condyle based on Gaffney (1990, figure 25, 27). Also, worth noting is this character’s dependence on the orientation of the skull. For example, Eunotosaurus, based on two figures, one from Bever et al. (2015) and the other from Carroll (2013), would code as 1 and 0, respectively. This would appear to entirely result from the more anteriorly raised orientation in Bever et al. (2015). Given the small distances separating the states of this character this is a major issue as a taxon can change based on how it is viewed, not just based on its morphology. A more rigorous and repeatable definition is desirable but beyond the scope of this paper. 
12. Character 162, the presence of a splenial bone, is coded as absent (1), but is present (1) based on Gaffney (1990). 
13. Character 166, the extent of the prearticular, is coded as (1) terminates prior to the coronoid eminence. It terminates just past the coronoid eminence (0) (Gaffney, 1990). 
14. Character 168, an upturned retroarticular process, was coded as absent (0), but it is present (Gaffney, 1990). 
15. Character 177, vertebral centra articulations, were coded as amphicoelous (0), but are platycoelous (1) as in Chinlechelys tenertesta (Gaffney, 1990). 
16. The rescoring of character 191 to narrow (0) in Szczygielski (2017) is based on assumptions not justified in the text or references cited. While the primordium of the turtle clavicle is narrow, no information is provided on the embryonic shape of the clavicle in taxa deemed to have broad clavicles. For example, do some of these animals start with a narrow primordium that later broadens? Lacking this information, we feel it is most parsimonious to code this character as broad, as seen in the preserved specimens (0) (Gaffney, 1990).  
17. Character 195, morphology of the acromion process, was coded as cylindrical (2), but is pointed and blade like (1) (Gaffney, 1990). 
18. Character 196, the presence of a supraglenoid buttress, is coded as (1) absent, but it is in fact present (0) (Gaffney, 1990). 
19. Character 205, entepicondylar foramen, was coded as absent (0), but is present (1) based on Gaffney (1990, figure 148). 
20. Character 207, the presence of the olecranon process, was coded as absent (1), but is well developed (0). 
21. Character 211, the posterior process of the iliac blade, was coded as ambiguous (?), but it is fan-shaped distally (1). 
22. Character 213, the morphology of the pubic tubercle, was coded as small (0), but it is large and downturned (1) (Gaffney, 1990). 
23. Character 216, morphology of the femoral shaft, was coded a slender and curved (1), but it is short and straight (0) (Gaffney, 1990).
24. For character 242, we disagree with both Bever et al. (2015) and Szczygielski (2017) in their assumption that there are no body osteoderms in the carapace. The carapace of Chinlechelys tenertesta plainly has separate ossifications for the costals and ribs and what would such plates be if not osteoderms? Thus, we code this character as (2), body osteoderms present and spread all over back, rather than (0), absent, as in Szczygielski (2017) or (1) present, but few restricted to midline, as in Bever et al. (2015). 
25. In character 245 we recode Proganochelys quenstedti as "1" rather than "0" present as we see no direct evidence of the presence of gastralia in turtles. On the contrary, the presence of multiple distinct osteoderms in place of part of the mesoplastron of Chinlechelys tenertesta does not fit this interpretation. Furthermore, Gilbert et al. (2001) in their study of plastron formation noted no elongate bone formations, as would be expected of gastralia, but found the plastron bones growing in distinct plates. This is a further issue for the gastralia hypothesis in that they crossed the midline and the lack of such crossing in gastralia has been linked by previous studies to the gastralia based formation of the plastron (Lyson et al. 2013b). 
26. Character 248, ribs meeting each other, was coded as present (1), but based on Chinlechelys tenertesta this is not the case, so we code this as absent (0). 
27. Character 249, number of dorsal vertebrae, was coded as more than 10 (0), but according to Szczygielski (2017) it has 10 thoracic vertebrae (1). 
28. Character 253, distinctly broadened ribs, was coded as 9 or fewer (2), but given the fact that we do not know the width of the rib within the costal this character is ambiguous (?) and is recoded as such. 
29. Character 254, outgrowth of dermal bone from the perichondral collar of the rib, is coded as present (1). Given that Rice et al. (2015) reported the formation of dermal bone of the carapace outside the perichondral collar of extant turtles, we suggest that this is uncertain in Proganochelys quenstedti and should be coded as ambiguous (?). 
30. Character 260, gastralia without lateral and medial portions. This is not supported by the available data as no direct evidence of gastralia has been observed in a fossil or extant turtle, including embryological studies. The presence has been inferred based on purported stem turtles such as Eunotosaurus africanus. As stated above, the plastron of Chinlechelys tenertesta seems to be composed of plates, not gastralia. Thus, we code this as ambiguous (?), given that with no gastralia we cannot code their morphology. 
31. Character 261, dorsal osteoderms sutured, is coded as ambiguous (?), but based on the sutured osteoderms of Chinlechelys tenertesta we code this as present (1). 
32. Character 262, peripheral bones, was coded as ambiguous (?), but they are clearly present (1). 
33. Character 263, number of ventral dermal ossifications not including the pectoral girdle elements, was coded as more than 10 (0), but is 10 (1) based on Gaffney (1990). 
34. Character 264, osteoderms ventral to gastralia, is coded as absent (0) based on the lack of evidence of gastralia and the presence of plates. Assuming that any osteoderms would always be outside of the gastralia, this should be coded present (1). 
35. Character 267, the morphology of the dorsal process of the maxilla, was coded as tall with a pointed apex (1), but is broadly rounded (0). This character was originally created for the matrix of Schoch and Sues (2015), which repeats a mistaken reconstruction pointed out by Gaffney (1990) in which Proganochelys quenstedti was depicted as having a tall, pointed maxilla. In fact, its maxilla has a broadly rounded dorsal process (Gaffney, 1990, figures 16, 29, 32).
36. Character 268, orientation of the median part of the gastralia, is coded as anterior gastralia with posteriorly facing median parts, intermediate ones straight medially, and posterior ones with anteriorly facing median parts (1). As stated above there is no evidence for gastralia facing any direction in Proganochelys quenstedti, so it should be coded as ambiguous (?). 
37. 
Thus a total of 36 character out of 279 are changed (13%) for Proganochelys quenstedti. 
Odontochelys
In scoring Chinlechelys tenertesta for the matrix of Szczygielski (2017) we noticed some issues with Odontochelys semitestacea similar to those from Schoch and Sues (2015) (Appendix 1) and decided to review the scoring of this taxon in its entirety. This was primarily based on the figures of Li et al. (2008) and photographs provided by Gabriel Bever (2016). 

1. Character 2, the size of the premaxilla, was coded as small (0), but it forms most of the snout (1). 
2. Character 8, shape of the external nares, was coded as round (0), but they appear elongate (1). 
3. Character 88, contact of the jugal and squamosal, was coded as present (0), but it is unclear and is recoded as ambiguous (?). 
4. Character 103, the anterior extent of the pterygoid, was coded as reaching the posterior end of the choana (0), but it does not reach this point (1) (Gaffney, 1990). 
5. Character 168, retroarticular process upturned, was coded as absent (0), but based on images of the holotype (Gabriel Bever, 2016 pers. com.) it should be present (1). 
6. Character 171, tooth implantation, was coded as subthecodont (0), but given that the medial side of the dentary is exposed in no specimen this seems to be an assumption, so we code this as ambiguous (?). 
7. The rescoring of character 191 to narrow (0) in Szczygielski (2017) is based on assumptions not justified in his text or references cited. While the primordium of the turtle clavicle is narrow, no information is provided on the embryonic shape of the clavicle in taxa deemed to have broad clavicles. For example, do some of these animals start with a narrow primordium and broaden out? Lacking this information, we feel it is most parsimonious to code this character as broad, as can be seen in the preserved specimens (0) (Gaffney, 1990).  
8. Character 192, the shape of the interclavicle considered homologous to the turtle entoplastron, was coded as T-shaped with a broad transverse bar (1), but all available references show a rhomboidal (0) entoplastron in Odontochelys semitestacea (Li et al., 2008; 2009)
9. Character 195, the morphology of the acromion process, was coded as cylindrical (2), but it is blade like (1) (Li et al., 2008). 
10. Character 196, the supraglenoid buttress, was coded as ambiguous (?), but it is present (0) (Li et al., 2008, figure 3c).
11. Character 198, location of the coracoid foramen, was coded as ambiguous (?), but it is enclosed by the coracoid (0) (Li et al., 2008).  
12. Character 204, the morphology of the ectepicondylar groove, was coded as ambiguous (?), but it is completely enclosed (2) based on Rothschild and Naples (2015). 
13. Character 205, presence of an entepicondylar foramen, was coded as absent (1), but it is present (0) based on Rothschild and Naples (2015). 
14. Character 206, length of the radius relative to ulna, was coded equal (2), but the ulna is longer (0) (Li et al., 2008). 
15. Character 211, morphology of posterior process of the iliac blade, was coded as ambiguous (?), but it is present (0). 
16. Character 213, morphology of the pubic tubercle, was coded as ambiguous (?), but it is large (1). 
17. Character 214, acetabulum shape, was coded as ambiguous (?), but it is circular (1). 
18. Character 216, the morphology of the femoral shaft, was coded as sigmoidaly curved and slender (0), but it is stout and nearly straight (1). 
19. Character 217, the presence of a fourth trochanter of the femur, was coded as ambiguous (?), but it is clearly absent (1). 
20. Character 218, presence and morphology of the trochanter major of femur, was coded as ambiguous (?), but it is present and deflected distally from the proximal head of the femur (1).  
21. Character 242, body osteoderm distribution was coded as absent (0), but as described in the text this is not clear, so we recode it as ambiguous (?). 
22. Character 245, the presence of gastralia, was coded as ambiguous (?), but given the lack of any direct evidence of their presence this should be coded as absent (1). 
23. Character 248, contact of the ribs, was coded as ambiguous (?), but there is not enough length between the preserved ribs for them to have been in contact, given the length of the trunk of Odontochelys, so this should be coded as not meeting or lying on top of each other (0). 
24. Character 250, the length of the dorsal vertebrae, was coded as not greatly exceeding width (0), but the centra are more than twice as long as wide (1). 
25. Character 252, the distal overlap of the sacral ribs, was coded as small or absent (1), but this is unclear based on the published information, so we code it as ambiguous (?). 
26. Character 254, outgrowth of dermal bone from the perichondral collar of the dorsal ribs, was coded as present (1), but given this has not been tested and seems to be inferred based on the presumed homologies with Eunotosaurus, this should be coded as ambiguous (?). 
27. Character 258, the fan-shaped arrangement of the dorsal ribs, was coded as present (1), but neither of the specimens of Odontochelys semitestacea has the ribs preserved in situ, so the orientation of these ribs is unknown and should be coded as ambiguous (?). 
28. Character 263 number of ventral ossifications was coded as more than ten (0), but it is exactly 10 (1), including 2 hyoplastron, 4 mesoplastron, 2 hypoplastron, and 2 xiphiplastron (Li et al., 2008). 
29. Character 264, osteoderms ventral to the gastralia, was coded as absent (0), but given that Odontochelys semitestacea probably does not even have gastralia this is ambiguous (?). 
30. Character 267, the morphology of the dorsal process of the maxilla, was coded as tall with a pointed apex (1), but it is unclear (?). This is based on the heavily ankylosed sutures of Odontochelys semitestacea obscuring bone margins (Gabriel Bever, 2016 pers. com). 
31. Character 268, orientation of the median part of the gastralia, is coded as anterior gastralia with posteriorly facing median parts, intermediate ones straight medially, and posterior ones with anteriorly facing median parts (1). As stated above, there is no evidence for gastralia facing any direction in Odontochelys, so it should be coded as ambiguous (?).
32. Character 273, the snout shape in lateral view, was coded as ambiguous (?), but the published material suggest that it is pointed (0). 
33. Character 274, the size of the external nares, was coded as ambiguous (?), but it is small (0). 
34. Character 278, the location of the maximum height of the skull, was coded as ambiguous (?), but it is caudal to the orbit. 
These changes affect 34 (12%) characters either left uncoded or miscoded and this greatly affects the perceived morphology of Odontochelys, making it appear more sauropterygian. 

Pappochelys rosinae
Pappochelys rosinae coding was checked primarily based on Schoch and Sues (2018) and their illustrations, which allowed much more complete coding than was previously possible. 

1. Character 2, the size of the premaxilla, was coded as small (0), but the premaxillae form most of the snout in front of the external nares (1). 
2. Character 4, the presence of the postnarial process of the premaxilla, was coded as ambiguous (?), but it is absent. 
3. Character 22, maxilla-frontal contact, was coded as absent (0), but it is present. 
4. Character 26, maxilla-vomer contact, was coded as ambiguous (?), but it is absent (0). 
5. Character 28, maxilla-pterygoid contact, was coded as ambiguous (?), but it is absent (0). 
6. Character 29, anterolateral foramen of the maxilla, was coded as ambiguous (?), but it is absent (0)
7. Character 33, lacrimal morphology, was coded as ambiguous (?), but it is present and small (2). 
8. Character 67, the parietal-squamosal contact, was coded as absent (0), but it is present (1). 
9. Character 69, the presence of the postparietal, was coded as ambiguous (?), but it is absent (1). 
10. Character 83, the anterior process of the quadratojugal, was coded as ambiguous (?), but it is absent (1). 
11. Character 84, the vertical process of the quadratojugal, was coded as ambiguous (?), but it is present, extending to a point above the dorsoventral midline of the orbit (2).  
12. Character 91, frontal contribution to the upper temporal fenestra, was coded as narrowly approaches (1), but it is widely separated (0). 
13. Character 96, quadratojugal contribution to the lower temporal fenestra, was coded as ambiguous (?), but it is absent (0). 
14. Character 97, the presence of a post temporal fenestra, was coded as ambiguous (?), but it is present (1). 
15. Character 98, the size of the post temporal fenestra, was coded as ambiguous (?), but it is large, at least equal in size to the foramen magnum (1). 
16. Character 99, the presence of an interpterygoid vacuity, was coded as ambiguous (?), but it is present (1). 
17. Character 100, the anterior extent of the interpterygoid vacuity, was coded as ambiguous (?), but it extends beyond the posterior margin of the palatine (0). 
18. Character 101, the shape of the interpterygoid vacuity, was coded as ambiguous (?), but the anterior end tapers sharply (0). 
19. Character 103, the anterior extent of the pterygoid, was coded as ambiguous (?), but it remains posterior to the choana (1). 
20. Character 105, the development of the transverse flange, was coded as ambiguous (?), but it is well developed (0). 
21. Character 115, the presence of the ectopterygoid, was coded as ambiguous (?), but it is present (0). 
22. Character 116, the presence of ectopterygoid teeth, was coded as ambiguous (?), but they are absent (1). 
23. Character 117, morphology of the ectopterygoid-pterygoid suture, was coded as ambiguous (?), but it extends along the ectopterygoid’s posterior margin, not reaching its posterolateral corner (1). 
24. Character 118, the palatal exposure of the choana, was coded as ambiguous (?), but it parallels the median border of the maxilla with the palatine forming the posterior margin only (0). 
25. Character 119, the presence of the suborbital foramen, was coded as ambiguous (?), but it is present (1). 
26. Character 120, the size of the suborbital foramen, was coded as ambiguous (?), but it is enlarged as a fenestra (1). 
27. Character 121, the lateral border of the suborbital foramen, was coded as ambiguous (?), but it is formed by the dermal cheek (maxilla/jugal) (0). 
28. Character 122, the presence of palatine teeth, was coded as ambiguous (?), but they ar present (0). 
29. Character 123, the presence of vomer teeth, was coded as ambiguous (?), but they are present (1). 
30. Character 124, the distribution of vomer teeth, was coded as ambiguous (?), but they extend along the majority of the vomer’s length (0). 
31. Character 127, the lateral exposure of the quadrate, was coded as ambiguous (?), but it is absent (0). 
32. Character 154, the position of the mandibular joint, was coded as ambiguous (?), but it is approximately even with the occipital condyle (1). 
33. Character 155, the morphology of the coronoid process, was coded as ambiguous (?), but it is absent or small (0). 
34. Character 162, the presence of a splenial, was coded as ambiguous (?), but it is absent (1). 
35. Character 174, the presacral vertebral count was coded as 20 or fewer (0), but this is not well supported, so we code this as ambiguous (?). 
36. Character 180, ventral morphology of the cervical centra, was coded as ambiguous (?), but they are ventrally keeled (1). 
37. Character 182, the presence of the anterior process of the cervical ribs, was coded as ambiguous (?), but they are absent (0). 
38. Character 186, the number of sacrals, was coded as ambiguous (?), but there are two (0). 
39. Character 191, the morphology of the clavicles, was coded as ambiguous (?), but they are slender (1). 
40. Character 196, the presence of a supraglenoid buttress, was coded as ambiguous (?), but it is absent (1). 
41. Character 204, the morphology of the ectepicondylar groove, was coded as ambiguous (?), but it is anteriorly notched and open (0). 
42. Character 206, the length of the radius relative to the ulna, was coded as equal in length (2), but based on Schoch and Sues (2018) the radius is shorter (0). 
43. Character 207, the development of the olecranon process, was coded as ambiguous (?), but it is small (1). 
44. Character 213, the morphology of the pubic tubercle, was coded as ambiguous (?), but it is small (0). 
45. Character 215, the development of the acetabular buttress, was coded as ambiguous (?), but it is weak (0). 
46. Character 218, the morphology of the trochanter major of the femur, was coded as ambiguous (?), but it is pyramidal and high on the femoral shaft (2). 
47. Character 239, the length of the limbs, was coded as short and stout (0), but they are relatively long and slender (1). 
48. Character 244, the presence of appendicular osteoderms, was coded as ambiguous (?), but Pappochelys shows no trace of osteoderms, so this should be coded as absent (0). 
49. Character 264, the presence of osteoderms ventral to the gastralia, was coded as ambiguous (?), but as stated above this should be coded as absent (0). 
50. Character 271, the dorsal expansion of the ribs, was coded as ambiguous (?), but all but the most posterior dorsal ribs are expanded (2). 
These changes recode 50 (18%) characters, greatly affecting the perceived morphology of Pappochelys, making it appear more turtle like. 
Eunotosaurus africanus
In scoring Chinlechelys tenertesta for the matrix of Szczygielski (2017) we noticed some issues with Eunotosaurus and decided to review the scoring of this taxon in its entirety. This was primarily based on the figures of Keyser and Gow (1981) and Bever et al. (2015). 
1. Character 2, the size of the premaxilla, was coded as small (0), but it is large, forming most of the snout in front of the external nares (1). 
2. Character 16, the presence of nasal bones, was coded as ambiguous (?), but they are present (0). 
3. Character 19, the nasal frontal ratio, was coded as nasals at least one-third longer (1), but they are approximately the same length (0). 
4. Character 49, the shape of the orbit, was coded as generally circular (0), but the orbit is 1.6 times as long as high (Bever et al., 2015). Thus the orbit is elongate so that the length exceeds the height by at least 30%. (1). 
5. Character 66, the position of the pineal foramen, was coded as present displaced anteriorly (0), but it is located near the middle of the parietal body (1) (Bever et al., 2015). 
6. Character 72, composition of the posterolateral skull roof, was coded as 
7. Character 75, extent of the jugal anterior process, was coded as does not extend to anterior orbital rim but reaches posterior margin of orbit (0), but it doesn’t reach the orbit (2) (Keyser and Gow, 1981). 
8. Character 89, the presence of the upper temporal fenestra, was coded as present (1), but given the assumptions used in reaching this conclusion as to the ontogeny of Eunotosaurus we feel this is best coded as ambiguous (?). 
9. Character 90, the size of the upper temporal fenestra, was coded as small (0), but should be coded as ambiguous (?) given the doubts that Eunotosaurus even has an upper temporal fossa. 
10. Character 91, contribution of the frontal to the upper temporal fenestra, was coded as frontal widely separated from the upper temporal fossa (0), but should be coded as ambiguous (?) given the doubts that Eunotosaurus even has an upper temporal fossa.
11. Character 92, contribution of the post frontal to the upper temporal fenestra, was coded as present (1), but should be coded as ambiguous (?) given the doubts that Eunotosaurus even has an upper temporal fossa.
12. Character 154, position of the mandibular jount relative to the occipital condyle, was coded as even with it (1), but it is anterior to it (0) (Keyser and Gow, 1981; Bever et al., 2015). 
13. Character 192, the shape of the interclavicle, was coded as rhomboidal, but is T-shaped with a gracile transverse bar (Gow, 1997). 
14. Character 193, the presence of a mineralized sternum, was coded as ambiguous (?), but is plainly missing in the figures of Lyson et al. (2013b) and should be coded as absent (0). 
15. Character 206, the length of the radius, was coded as ambiguous (?), but is shorter than the ulna (0). 
16. Character 207, the development of the olecranon process, was coded as ambiguous (?), but it is clearly present and well developed (0) in USNM V23099. 
17. Character 244, the presence of appendicular osteoderms, was coded as ambiguous (?), but they are present in no known Eunotosaurus specimen including those with fully articulated limbs and should be coded as absent (0). 
18. Character 265, squamosal morphology, was coded as ambiguous (?), but it is plate like (0) (Bever et al., 2015).


These changes recode 18 (~6%) characters, potentialy affecting the perceived morphology of Eunotosaurus, making it more like a eureptile. 

Trilophosaurus buettneri
Trilophosaurus buettneri was found to have extensive miscodings in the matrix of Szczygielski (2017) and Bever et al. (2015). These changes are detailed below based primarily on Spielmann et al. (2008) and the extensive collection of Trilophosaurus at the New Mexico Museum of Natural History and Science. 

1. Character 1, the snout shape, was coded as unconstructed (0), but it is constricted anterior to the orbits (1). 
2. Character 2, the size of the premaxilla, was coded as small (0), but it is large (1), forming most of the snout. 
3. Character 3, the shape of the premaxilla, was coded as having a horizontal ventral margin (0). In fact it is down-turned (1). 
4. Character 13, anterior teeth orientation, was coded as ambiguous (?), but is upright (0). 
5. Character 20, the presence of an ascending process of the maxilla, was coded as ambiguous (?), but it is present. 
6. Character 21, contact between the maxilla and prefrontal, was coded as (?), but it is present (1), separating the nasal and lacrimal. 
7. Character 23, maxilla length, was coded as ambiguous (?), but it does not reach the posterior margin of the orbit (1). 
8. Character 24, maxilla orbital exposure, was coded as ambiguous (?), but it is present (1). 
9. Character 25, contact between the quadratojugal and the jugal, was coded as ambiguous (?), but it is present (1). 
10. Character 27, contact between the ectopterygoid and the maxilla, was coded as ambiguous (?), but it is present (1). 
11. Character 28, contact between the maxilla and the pterygoid, was coded as ambiguous (?), but is present (1). 
12. Character 33, the morphology of the lacrimal, was coded as ambiguous (?), but is present and at least as long as tall, but excluded from the external nares (1). 
13. Character 34, lacrimal contribution to the orbital margin, was coded as ambiguous (?), but is present (0). 
14. Character 36, lacrimal contact with the jugal, was coded as ambiguous (?), but it is absent (1). 
15. Character 37, presence of a bulbous medial process of the prefrontal, was coded as ambiguous (?), but is absent (0). 
16. Character 38, prefrontal contact with palate, was coded as ambiguous (?), but is absent (0). 
17. Character 40, presence of a foramen orbitonasale, was coded as ambiguous (?), but is absent (0). 
18. Character 47, the presence of a frontal lateral lappet, was coded as absent (0), but there is a significant lateral lappet (1) on the frontal (Spielmann et al., 2008, figures 20, 22). 
19. Character 48, postero-lateral process of the frontal was coded as absent (0), but it is present (1) (Spielmann et al., 2008, figures 18, 19, 22).
20. Character 53, the presence of a postfrontal, was coded as ambiguous (?), but it is present (0). 
21. Character 54, the presence of an intertemporal, was coded as ambiguous (?), but it is absent (1). 
22. Character 56, the posterior extent of the postorbital, was coded as ambiguous (?), but it terminates prior to the posterior limit of the parietal (0). 
23. Character 57, the shape of the postorbital posterior process, was coded as ambiguous (?), but it is broad (1). 
24. Character 59, the size of the supratemporal, was coded as small (1), but Trilophosaurus lacks a supratemporal, so it is not large or small and should be coded ambiguous (?) as was done for other characters based on the morphology of absent bones. 
25. Character 60, postorbital contact with the supratemporal, was coded absent (1), but for consistency should be coded ambiguous (?). 
26. Character 64, contact between the parietal and the opisthotic, was coded as ambiguous (?), but it is absent (0). 
27. Character 67, contact between the parietal and the squamosal, was coded as ambiguous (?), but it is present (1). 
28. Character 75, extent of jugal anterior process, was coded as ambiguous (?) but it does not extend to the anterior orbital rim and reaches the posterior margin of the orbit (0). 
29. Character 77, the extent of the jugal subtemporal process, was coded as extends posteriorly no further than the middle of the cheek (0), but it actually reaches nearly the posterior limit of the skull (1). 
30. Character 79, squamosal ventral extent, was coded as ambiguous (?), but it is distinctly restricted to the dorsal region of the skull (2). 
31. Character 80, squamosal contribution to the post-temporal fenestra, was coded as ambiguous (?), but is present (1). 
32. Character 81, the occipital flange of the squamosal, was coded as ambiguous (?), but is absent (0). 
33. Character 82, the presence of the quadratojugal, was coded as ambiguous (?), but it is present (0). 
34. Character 84, the extent of the quadratojugal vertical process, was coded as ambiguous (?), but it is absent (0). 
35. Character 85, the anterior extent of the quadratojugal, was coded as ambiguous (?), but it reaches the level of the posterior border of the orbit (0). 
36. Character 88, the contact of the jugal and squamosal, was coded as ambiguous (?), but is absent (1). 
37. Character 100, the anterior extent of the interpterygoid vacuity, was coded as ambiguous (?), but it extends beyond the posterior margin of the palatine (0). 
38. Character 102, morphology of the palatal process of the pterygoid, was coded as extends along the anterior process of the palatine (0), but it forms an oblique suture with the palatine and ends before reaching the anterior limit of the palatine (1). 
39. Character 103, the anterior extent of the pterygoid, was coded as ambiguous (?), but it is posterior to the choana (1). 
40. Character 108, the tooth morphology on the transverse flange of the pterygoid, was coded as a large distinct row of teeth along the posterior edge (1), but the pterygoid lacks teeth, so this should be coded as ambiguous (?).
41. Character 117, the morphology of the ectopterygoid-pterygoid suture, was coded as ambiguous (?), but this contact is restricted to the medial surface of the ectopterygoid (2). 
42. Character 118, the palatal exposure of the choana, was coded as ambiguous (?), but the palatine forms only the posterior margin of the choana (0). 
43. Character 125, the presence of an alar flange of the vomer, was coded as ambiguous (?), but is absent (0) (Spielmann et al., 2008)
44. Character 129, the extent of the quadrate anterior process, was coded as ambiguous (?), but it is short, not extending anteriorly beyond the length of the quadrate process of the pterygoid (1). 
45. Character 130, the contact between the quadrate and the prootic, was coded as ambiguous (?), but is absent (0). 
46. Character 134, the stapes size, was coded as ambiguous (?), but it is clearly not robust but is of uncertain length, so we code this as either of the two robust states [1,2]. 
47. Character 138, the morphology of the occipital crest, was coded as ambiguous (?), but it is plate-like with no sagittal crest (0). 
48. Character 142, the contact of the exoccipitals below the foramen magnum, was coded as ambiguous (?), but is absent (1). 
49. Character 143, the lateral process of the exoccipital, was coded as ambiguous (?), but is absent (0). 
50. Character 159, the length of the surangular, was coded as extending to the coronoid eminence (0), but it does not extend to the coronoid eminence (1). 
51. Character 165, the lateral exposure of the angular, was coded as ambiguous (?), but it is exposed along at least one-third of the lateral face of the mandible (0). 
52. Character 175, the caudal vertebral count, was coded as ambiguous (?), but it has 23 or more caudal vertebrae (0). 
53. Character 184, the presence of dorsal vertebrae, was coded as present (0), but they are absent (1) (Spielmann et al., 2008). 
54. Character 187, the extent of caudal vertebrae lateral projections, was coded as ambiguous (?), but they are absent beyond the fifth caudal vertebra (0). 
55. Character 193, the presence of a mineralized sternum, was coded as ambiguous (?); given the extensive collections of Trilophosaurus trunk material, including articulated portions of the skeleton lacking any evidence of a mineralized sternum, we consider it most likely absent (0). 
56. Character 194, the morphology of the scapula, was coded as short and broad with height not exceeding width (measured at level of glenoid) by more than three times (0), but it is tall and blade like with height exceeding width by at least a factor of four (1) (Spielmann et al., 2008). 
57. Character 210, the presence of the thyroid fenestra, was coded as present (1), but it is absent (0). 
58. Character 214, the shape of the acetabulum, was coded as circular (1) but is oval (0) (Spielmann et al., 2008, figure 82). 
59. Character 215, the extent of the acetabular buttress, was coded as weak (0), but there is a distinct triangular process (1). 
60. Character 216, the shape of the femoral shaft, was coded as sigmoidaly curved (1), but it is straight (0). 
61. Character 219, the development of the intertrochanteric fossa, was coded as reduced (1), but it is completely absent (2). 
62. Character 227, articulation between distal tarsal 4 and astragalus, was coded as poorly defined (0), but it is absent (2). 
63. Character 250, the length of the dorsal vertebrae, was coded as not greatly exceeding width (0), but it is more than twice as long as wide (1). This is particularly notable given that this is one of the two synapomorphies supposedly linking turtles and Eunotosaurus in Szczygielski (2017). 
64. Character 266, a deep groove on the posterior face of the distal end of the femur, was coded as present (1), but it is absent (0). 
65. Character 267, the dorsal process of the maxilla, was coded as tall with a pointed apex (1), but it is clearly broad (0) (Spielmann et al., 2008, figure 20-22). 
66. Character 273, the snout shape in lateral view, was coded as pointed, the anterior end of the skull noticeably shallower than the posterior part (0), but it is rounded with the snout approximately as deep as the posterior part of the skull (1) (Spielmann et al., 2008, figure 22). 

This is a total of 66 changes (24%) to this 279 character matrix.
Caseidae
The coding of Caseidae was checked based on the morphology of Ennatosaurus (Maddin et al., 2008) and Cotylorhynchus (Stovall et al., 1966). Given that this is a large group and it was beyond the scope of this project to review it in its entirety, coding was changed to include the morphology seen in these two species, as well as what was previously coded. This was based on the assumption that these character states had been observed in some other caseid not checked by us in the original matrix (Bever et al., 2015; Szczygielski, 2017).
1. Character 0, skull proportions, was coded as preorbital skull length equal to postorbital length (0), but it is also observed as postorbital length exceeding preeorbital length and should thus be coded for both (0+2). 
2. Character 3, the shape of the premaxilla, was coded as horizontal ventral margin (0), but it is also observed with a downturned ventral margin (1) and as such should be coded as (0+1). 
3. Character 5, external nares location 1, was coded as marginal (0), but they are close to the midline (1) in Ennatosaurus, so this should be coded as (0+1). 
4. Character 20, the ascending process of the maxilla, was coded as absent (0), but Ennatosaurus has an ascending process (1) so this should be coded as (0+1).
5. Character 43, the frontal-parietal length ratio, was coded as >1 (0), but in Ennatosaurus it is ≤1 (1), so this is recoded (0+1). 
6. Character 46, frontal contribution to the orbit, was coded as absent due to prefrontal-postfrontal contact (0), but it is present in Ennatosaurus (1), so it is coded as (0+1). 
7. Character 50, the presence of dermal sculpturing of the skull, was coded as absent (0), but it is present (1) in Ennatosaurus, so it is recoded as (0+1). 
8. Character 85, the anterior extent of the quadratojugal, was coded as reaches the posterior border of the orbit (0), but it does not reach it (1) in Ennatosaurus, so it is recoded (0+1). 
9. Character 88, jugal-squamosal contact, was coded as present (0), but it is absent (1) in Ennatosaurus and thus is recoded as (0+1). 
10. Character 96, the contribution of the quadratojugal to the lower temporal fenestra, was coded as absent (0), but it is present (1) in Ennatosaurus and is thus recoded (0+1). 
11. Character 101, the shape of the interpterygoid vacuity, was coded as tapers sharply anteriorly (0), but it is crescent-shaped in Ennatosaurus and is thus recoded as (0+1). 
12. Character 102, the palatal process of the pterygoid, was coded as extends to the anterior limit of the palatine (0), but in Ennatosaurus it forms an oblique suture with the palatine, ending before the anterior limit of the palatine (1) and as such is recoded as (0+1). 
13. Character 103, the anterior extent of the pterygoid, was coded as reaching the level of the posterior end of the choana (0), but in Ennatosaurus it remains posterior to the choana (1), so it is recoded as (0+1). 
14. Character 116, the presence of ectopterygoid teeth, was coded as present (0), but they are absent (1) in Ennatosaurus, so this is recoded (0+1). 
15. Character 122, the presence of palatine teeth, was coded as ambiguous (?), but they are present in Ennatosaurus and are thus recoded as (0). 
16. Character 127, the lateral exposure of the quadrate, was coded as absent (0), but it is present (1) in Ennatosaurus, so it is recoded (0+1). 
17. Character 155, the morphology of the coronoid process, was coded as absent or small (0), but in Ennatosaurus it is tall and formed by the coronoid, so it is recoded (0+1). 
18. Character 163, splenial contribution to the mandibular symphysis, was coded as contributes (0), but it is excluded in Ennatosaurus, so it is recoded (0+1). 
19. Character 166, the extent of the prearticular, was coded as extends anterior to the coranoid eminence (0), but it does not extend this far (1) in Ennatosaurus and is thus recoded (0+1). 
20. Character 169, the presence of a caniniform region, was coded as present (0), but it is absent (1) in Ennatosaurus and is thus recoded as (0+1). 
21. Character 170, the presence of a single caniniform tooth, was coded as present (1), but this is absent (0) in Ennatosaurus and is thus recoded (0+1). 
22. Character 192, the shape of the interclavicle, was coded as rhomboidal (0), but is T-shaped with a gracile transverse bar (2) in Cotylorhynchus and is thus recoded (0+1). 
23. Character 204, the morphology of the entepicondylar groove, was coded as open notched anteriorly (0), but it is a completely enclosed foramen (2) in Cotylorhynchus and is thus recoded (0+2). 
24. Character 206, the length of the radius relative to the ulna, was coded as shorter than ulna (0), but it is longer than the ulna (1) in Cotylorhynchus and is thus recoded (0+1). 
25. Character 217, the presence of a fourth trochanter of the femur, was coded as present (0), but it is absent (1) in Cotylorhynchus, so it is recoded as (0+1). 
This is a total of 25 changes (9%) to this 279 character matrix. 
New Characters
Two new characters were added to the matrix of Szczygielski (2017):
[bookmark: _Hlk517777808]279: orientation of osteoderms to the ribs
0: near parallel
1: at an ~45° angle to one another
Character 280: number of costal rows (osteoderms overlying the ribs)
0: 1
1: 2 or more
Character 128 was modified to include a third character state
2: ventral conch
Character 246 was modified to include a broader definition of the possible intermediate step in forming a plastron. The new states are as follows: 
0: absent
1: partial fusion of gastralia resulting in forked elements or partial fusion of ventral osteoderms into a more rigid structure
2: fully developed plastron present

Appendix 3
Revised coding of the matrix of Szczygielski (2017) with Chinlechelys tenertesta and Anthodon spp. added and revised coding of Proganochelys quenstedti, Odontochelys, Pappochelys, Trilophosaurus and the Caseidae as well as with two new characters added: 

Seymouriidae
000000000000000000000001010000000000001000000010001200000100000000000000000[0 1]00010001000000???00??0?0??001001?00100000000??0100100000000100?02010001010000?20000000000000?00000000000000000000000000000000000000100000000000000000000000000000000000?0000000000000?000?000000000?2[0 1]01?030?
Chinlechelys tenertesta
???????????????????????????????????????????????????????10??????????1???????????100000111?????0????????????????????????????????102????10???????????????????????????????????????1?110????110???????0????????????????100011?110??????????????????????21?1210?11?2011?01?11010???????????0?11
Anthodon spp.
201??1000000000?00?0100100000?00000?00???011000001100011010?1000?000001010010?000000101100???0???111102100???10????010111001011020?1100???0???1011?0??????211??1?00100001101211111?000?1?01111?01021001?10012000??101?110110111??0001100010000200?2111??010102011?00?11010?0?1?1000000011
Proganochelys quenstedti
200001001101??0100001100101?10??0200002120100000001001110101100111?101??11?01??21000211000???0???11100210010111110011?111101001110111?21100101001111110111111011110100001????111110111011001110010210010100220001010110101101111111100111010012001211121011102?11111?1111010?1111000?00?0
Pappochelys rosinae
01100000??00100?00001?110000000002???0???1000010110?001000???00??1?101??21?10000110121?011001110011100?1??????0????0110110010?1001?1??????????????????????10??????1??????00001?0000???011001???110211000?01?0101??1000001120111????????????????1110?00110?0?1?1111?00?0001111102?00?0?0??
Odontochelys semitestacea
201001000??0000?0000??0????????0020??0???0?1?000?0100?1???0??00??1?????????0??????????00?0???0?????100??000010?1000????????11?010???1???????????1111110???1?????????0??0110?0110100?1?0?100111?000210010?00?20011110011?01101111111100?110?2?11001??01210?11?2?11??1??01?0???11?100???0??
Caseidae	
[0 2]0100[0 1]000000000000[0 1]0[0 1]0001000?000000010000001001000[0 1]?0011[0 1]100000000[0 1]000011000001001000[0 1]00[0 1]0???100[0 1]10100[0 1][0 1]00001000000?[0 1]000??0??00[0 1]00000?000000001010[0 1]0[0 1]0000?0[0 1]000[0 1]000[0 1]00[0 1]00[0 1][0 1]001000000000100000000[0 2]01000000000[0 2]0[0 1]000000000[0 1][0 1]0000000100000000000000[0 1]00?0000000000000?00??0?0000000?2111102??
Acerosodontosaurus piveteaui
??????????0???????0????10?????000?0000???00???1??00?00???0?1???????????????00000?00????0?1001110???????????????????01??11?????0011??1??????????????????????11?????????1??10?010?000?????000???0????????0??1?002111?00???????????0??????????????01?0??0000000?0000?0?????0110?0???00?001??
Acleistorhinus pteroticus
00000100000000000000110001000110010000[1 2]??0001011101000101100000010000011101000111100110010???1011111000000001010011010010001000000011?00?10?20101001010???1?1??10?010010?01001???????????????????????????????????????????????????????????????????????????????????????????00000???001001??
Araeoscelidae
10000000000000000000000101011000000?000000011010100?00110001100?00010001201[0 1]001[0 1][0 1]10001001100010011110000001[0 1]10011000020110010?0000001?00?00?00101?10[0 1]100??0010000001000000100100000010010000000011000100010[1 2]000000000000100000101100000000110101100?0000000000000?00??0?0010000?[0 1 2]001001??
Archosauriformes
100[0 1]1100[0 1]01000010001100[0 1][0 1]00001001[1 2]0000?0?10[0 1][0 1]010[0 1]00?00110011111[0 1]011101??21?1011110001100110[0 1]010011[0 1]1[0 1]0000001?10100001[0 1]011000?0110[0 1]011??1?0[0 1]1[0 1]11?11[0 1]111[0 1]111201[0 1]?100010001110101[0 1]01[0 1 2]0?1[0 1]11[0 1]101101111[0 1]010[0 1][0 1]01[0 1]1110111000110103[1 2][0 1]11011201[0 1]11100101011010000000000[0 1][0 1]00?0010000111000?[0 1 2]0[0 1]100[0 3]0?
Australothyris smithi
00000?000?00000?0??????111???1000?1000[1 2]020?0?01??01000100000000??00000001010?0?1?101100010???100110110?100001?101000100???00000001?10000?00?00100?11001?0?1?1?000?000010?10001??????????????????0??????????????????????????????????????????????????????0?????0???????????0????0????100???
Barasaurus besairiei
000?01000?00??0?0010100?00???1?000???1?1?0000010?11?001?0100000??010000011?01???0?001000?0???121111100?10011??1010001?010?0??010?0?000???1??0?101?11111???1??????????????10?010????????2??1?????1010?????0?1?1?1???1????1?????000111?0000?0100010?0???000??010?00?0??????0?0?00?2101103??
Bashkyroleter bashkyricus
???????0??????????0?1????????????2???0212?????10?1110????1000????010?0?1101000??0??0??11?0???0?????11????000??10?10????10????1?0???10????1??0??????211??????1111??????10??0?01???????????????????????????????????????????????????????????????????????????????0???????????0?0?????000?00??
Bashkyroleter mesensis
000001000?001000000?100000???100010?00212?????10?111001?01000?0??000?011101[0 1]00010?00111000???0???1111??0?000??00?1001?1??????1?0?0?101???1??0????112110???0?1111??????10?0??01?????????????????????????????????????????????????????????????????????????0?????0???????????0?0?????00??00??
Belebey vegrandis
100001000000000?00000001011001000000002120001010010?00110111100??021000120001??01101100000???1011??110011121?11010001000??10?0?000001???0???0??0?00011?00?02101100010010?10001?????????2??????????0????????1???????0????1?????????????????????????0??????????????????????0?0?????001001??
Bradysaurus spp.
2000010000?000000001100100000100000?0010?011000000111011010000000010001011?11??10102001100???0???111111100101010110011110101010000?110?0?11?0101101111000?1111110100001101002110000?0002001111001011?100000220010001101100000000011000100002102001100100010010000?00?00??000000?2110?031?
Candelaria barbouri
010000001?0000010000100100???000020?00???000?010010?00?00000000??0010???1??01??2?1011100010001111?????????????????????????????11????0?????????????????????2????0?????0???00?01???????????????????????????????????????????????????????????????????????????????????????????0?0?????001113??
Captorhinidae
000100000000000?00000001001?00000000001010000010001200110101100000[0 1]1000121?100001101010000???0???1110000000000010001??010100?00001001?00000000101010[0 1]1000?001000000000000010010000000000000000[0 1]0000001000002000000000000000000000100000000010000000?0000000000000?00??000000000?200[0 1]?0[0 3]??
Claudiosaurus germaini
100001000000000?00?010011?010000011?10???000?010100?00111001101?1001001121?0001011000100110011101111000001101101100012011001001001111????00?001?0?10110???0010010001000001000100?0011011000010111?00100101121001010000101?0111000100000000010100100?0000000000000?00??0?01?1000?1000000??
Colobomycter pholeter
0????1??????????????11???0???1???0???010??????11?010?????1???????00??001???0????1?010000?0???10?1??????0?001[0 1]?10???01?0????????0????1???????????????0?????0??00?0?01???1?01?01?????????????????????????????????????????????????????????????????????????????????????????????1?????00??????
Delorhynchus cifellii
000001000??0000000101100111011000200001120001010101010110100000??00000011010001?1?00110010???10011?11??000001001?0?00100??0100?0?0?11?00?00???????1101????1000010?010011010?01??00??10?10????1?110000??0010120????????????????????????????????????????000000??000?00???????1??0?2001?03??
Diadectomorpha
10000000000000000000000001000000000000100000101000[0 1]00011010000001000001100010011[0 1]000[0 1]10000???00??0?1000010[0 1]0[0 1]00000000000??10?00[0 1]0[0 1]00[0 1]000000000100000[0 1]0000?00[0 1][0 1]00000000000000000000000000000000000000000000000000000[0 1]00000000000001[0 1]0000000000000000?0000000000000?00??0?0000000?2000?00??
Emeroleter levis
200001000?00000?0000100001???1000200002120001010111000110100000??01000?110101??1??00111000???0?????11???00001?00?100???100?10??0?0?101??????????1?12110???0????1??0?01?0?10?0100??0?1002001??001?011???0011?2001?0?1????1?0???1?011??0010?000101100???00000000000??0?????0?0????2001?00??
Eosauropterygia
[1 2][0 1]1001100[0 1]000[0 1][0 1]?[0 1]00011[0 1]0[0 1]0[0 1]000[0 1]002?1?0?0?00[0 1][0 1][0 1]1[0 1][0 1]00?001[0 1][0 1]0111[0 1 2 3]11?0[0 1 2]1[0 1]1??21?[0 1]00[0 1]011[0 1]0[0 1]100[0 1]1[0 1][0 1]1110110[0 1]01[0 1][0 1]1[0 1]11?101?10[0 1]1200??1[0 1]00[0 1]101011???10[0 1][0 1]11101[0 1]1111110?[0 2]01000[0 1]10[0 1][0 1][0 1]011[0 1]0101101[0 1]1?111110101[0 1]1[0 1][0 1]020101[0 1]1111[0 1][0 1][1 2]11?1?0010110[1 2]11[0 1]10100011000020100000??000000000000?001?000100000?000?000??
Eudibamus cursoris
?????1?0??????????0?0????????????????021??????10??0?00???1111????0??????2??0????1??1?00?00???1?11???????1121?11??0001??????????0?0??????????0???0?0?11????22??????00??10?1000100???????2?0000???1000???1?1?1?1?????0???11?1???1?010??0?00?1?00011?0??1000000?0000?00????????????2???00???
Feeserpeton oklahomensis
000??10?0?0???0?00?01000?1???1000000?010200010111011?0110100000?0000001111?0???111011000?0???1001111????00011?1000001000??0100?0?0?11000?10?20??1?11010???1??1110?010010?01?01???????????????????????????????????????????????????????????????????????????????????????????0?0?????001003??
Hovasaurus boulei
???????????????????????????????0?????????10110101?0?001000010????0010???10?00201?1?????0110010?0?1?1????0?????01110????1??0???01??001?011?1??0101?00010???1?1???????????????0100000?100100011001110?1000001?20210100000110?01?10110000[0 1]0001101001?0??0000000?0000?00????01??000?2??00?3??
Kuehneosauridae
100001010?00000?000010011?11?000011110?0?[0 1]000010100?00111011111?001101??21?00012101????011001110?10?????[0 1]??00??1110???011?[0 1]???1111011?????0?011?1110011?0?0010?0????01?111000100100?11?1110?10????0010000111012?111?00101?0101???10??????0?10101?00?0100000000000?00??0?01?1?00?200?[0 1]?3??
Lanthanosuchus watsoni
?????1????????????0??0???0???1????????10?????????0110??????0????????????1???1???1??0?110?0???10111010??0?000??10?1101?00?????0?0?0?11????11?2???0?1101????2??????????????10?01??????????????????1?0??????????????????????????????????????????????????????????????????????00000????0100???
Macroleter poezicus
10000100010000000000100001100100010?002120000010111110110100000?0020001110111??00100010100???10111111000000010101100111101010110000?0021011111011002110?0?0?111100010010?000010000000002001?0?001010?1000001000100010001100001?00110001000010001000?0?0000001??????????0?000000?2001000??
Mesosaurus spp.
101000101100010000010001011?000001000000?1001010100?00110?00000?0001000110101??01101000010???[0 1]10111100000001?1010001??0???0100?000?01?000?0?00?01000100?0?1010000000100101000100100?[0 1]00010000000000000010111201101000000110111000100000100010000000?0000000000000?000?0?0000?00?000[0 1]?00??
Microleter mckinzieorum
100???000?0?0?000010000010???100000?1011?0001010001200111000000??00000111??01??1?101110010???1101????????01???10000???0????????000?000??????0?????????????10?0010?0??000?10001???????????????????????????????????????????????????????????????????????????????????????????0?0?????001101??
Millerettidae
000000000000000000000000100001000000001020000010001000111000000000200001101000000100210000???[0 1]000111000000001000000011010101100100001?0100000010111001000?101000000000000[0 1]000100000?0001000?0?000000?00?0111?00?0?0100001000??000100001000110?00100?0000100011?00?002?0000000000200[0 1]00[0 3]??
Nycteroleter ineptus
?????1?0??????????0?10???0???1???2???0212?????10?1110????1000????000?00110100???0??0?1?1?0???0?????11??0?000??10?10????10??????0?0?101????????????12110???0???11??01???0?10?01???????????????????????????????????????????????????????????????????????????????????????????0?0?????001?03??
Nyctiphruretus acudens
10000100000000000000110001000100020?002121000010011100110100000??020001110101??00001200000???111111100?0000010001000111100010100?0?11????10?00?01?11110?0?101?110?0100010100010????????2??1?????1010?????0?1?0?0???1???0100?????110???????00?0??0?0????0????10???????????010?00?1001103??
Orovenator mayorum
100001001?0000000000100010???000000010???0001010001000???????01?????0???2??0001????????0?1000100???10???00001??110?01?01100??00?0?????001????1????100??????01??01?0??1?0?10?01??00??1??????????????????????????????????????????????????????????????????????????????????????0?????00?0?1??
Owenetta spp.
000001000000000000101001000?010001000121?0000010110?0010010000000010000011?11??00100100000???111111100110011?0101000110101010010000000???11?00001?11111?0?111111000100110000010?000?0002001?0??010?0?10000?10101??0100?0000???0?01?0?????0?????10?0?0000000010000?00??0?0000000?2101103??
Paleothyris acadiana
000000000000000?00000000010?0000000?0000?0000010000?00110?01100?00210001201000001100010000???0???111001000001001000?0?0???00???001?01?00?00?001?1?0001000?001?000?0000?0001001000000100100000000000001000101000000000000100000000100000000010101100?0000000000000?00??000000000?2000?03??
Placodus spp.
211001100100110?010111000?10010102?1?0?0?0110000100?001001111111?011[0 1]1??21?1000011001100011010???101?1211011?001110012110[0 1]00?01101011???1001011?1?1111110?0111110?0010110101?100000?1111111?11111000101111110121??1?00101101111?01000110000?01000010?000000100000?0011001100000?100?00[0 1]??
Procolophon spp.
0000010000000000001010010001010001000121?1000010110?001101000000001001??10111??10101101010???101111101110011?01010001001000100100001001101100110111110100?111111000100110100010[0 1]00001002001100101010?100[0 1]00210010001001100000100011100100002011001[0 1]00000000010000?002?000000000?1001000??
Prolacerta broomi
1001[0 1][0 1]00[0 1][0 1][0 1]000010001[0 1]001[0 1]0[0 1]001000[1 2]0000?0?[0 1]01[0 1]010000?001100011[1 2]1[0 1]01000[0 1]1?21?[0 1][0 1][0 1]100000[0 1]100110001101111000[0 1]000[0 1]11011000100110010[0 1]11[0 1]1011?11?000[1 2]1101[0 1]1011110?0010?10001001[0 1]110001001[0 2]0?1[0 1]11[0 1]001101101001000001201[1 2]111[0 1]001101?0101100120[0 1][0 1]11[0 1]0[0 1]10101100?0000000000000?00??0?011?000??001000??
Rhipaeosaurus spp.
?????????????????????????????????????????????????????????????????????????????????????????0???????????????000??0???0????10?????????????????????????1?110????????1???????0????110????????2??0???????10?????0?1?0?0???1???11?0?????011???????00?00?0??????0?0001000??00?????0???0?????1?1???
Rhynchocephalia
2000000000000000000011001000000002?1?0?0?1011010000?001110111211001111??21?001101100110001001100111100111001?10100001001100[0 1]101111011?1110101110110111110?0110110001011001030100[0 1]01?1001[0 1]00110112100100001[0 1]12000111000101[0 1]01010111110[0 1]1111120101100?0000000000000?001?000112000?[1 2]00?000??
Rhynchosauria
00011101111010010000110100100100010000?0?0010010000?001100111310001111??21?1011110001100111111101110??000001?001100011011001001101011??110011100111111010?011001110101111102?10010011001000110111?0010[0 1]00011010110000110110101111120101110110101110?0000000000000?001?000111000?1[0 1]01000??
Scutosaurus spp.
20000100000000000000100101000100000?0010?011000000111011010000000010001010111??00102001100???0???111111100101010110011110101010000?11001?11?0101101111000?1111110100?01101002111000?0002001111101011?100000220010001101100100000011000100002102001121100000110000?00?00??000000?2110?031?
Sinosaurosphargis yunguiensis
1110011010?0000?010011010?000?1002???0???011101010??011?0011111??01111??21?10010??1?????00???11????101111011?1??11?012?0??1????0?1?11???????1???11111?0???201?????010??0?1000??????????????????????????????????????????????????????????????????????????0?0?1?1?1????????1100000??00?0??0?
Squamata
[0 1]0[0 1]00[0 1]00[0 1][0 1]0000000000110100100000020100?0?10[0 1]11100[0 1]0?0011[0 1]0[0 1]11211001111??21?1[0 1]012001????011000110?11100110011?001000012011010?01111011?1110111110110111110?0110111[0 1]010111010[0 3][0 1]1[0 1]01[0 2][0 1]1100110011[0 1]1[0 1]210010001111[0 2]10[0 1]111000101[0 1]0101[0 1]11111011111[0 1]20101100?0100000000000000??0?0112000?[0 1 2]0000?00?
Trilophosaurus buettneri
111110001001?0010000110111001100010?100?00011011100?0010011??31001?101??21?00112100?00?0111110???11100111011?001110012011010?01101011?[1 2]10?01111001?111110?11110100010011010001001[1 2]01101110001011100010000012010000100101010201100122101110110101100?0000001000000?00??0?0100000?010??00??
Youngina capensis
100000000000000000001100010100000100000000010010100?001110011010000100012011001011000100110001001111000000001101100010011001000101001?11?0010110101001000?001001000000?001100100000110010001?0[0 1]1[0 1]1?010000011[0 2]0[0 1]1010100111?0101101100000100110101100?0000000000000?00??0?01?1000?2000000??
Eunotosaurus africanus
201001000000000?00001100100000000200[0 1]0100011001001100011010000001010000011?21??2?000210010???11010?1001100001001000010011001100100101?21100?0110?1111101100110110101001001000110000?1101000?1?002010100000022000??010?001101110001[0 1 Y]?00010?110000000?00011211120001002?0100?000002111113??
Ennatosaurus tecton 
20100100000000000000100001000000000000??00?000100010001100000000?000000010000012?000010010???10010?100100000100?00001000??00?001010110????0???1001??11????200?11?10000?0001?0????????????????????????????????????????????????????????????????????????????????????????????0?0?????111013??
Casea rutena
201001000?00000?0000000011???010000?1????011001110???0110000000??000000110100012000001?010???100010100??00000?0?00?????0??0???0100??10????0???101???10????1???????0000?0010?0????????????????????????????????????????????????????????????????????????????????????????????0?0?????110003??


Appendix 4
A revised list of characters and states as used in this paper. This is primarily based on Szczygielski (2017), additions are in bold. 

0. Skull proportions
0: preorbital skull length equal to postorbital length
1: preorbital length exceeds postorbital skull length
2: postorbital length exceeds preorbital skull length
1. Snout, shape
0: unconstricted
1: constricted
2. Premaxilla, size
0: small
1: large, forming most of snout in front of external nares
3. Premaxilla, shape
0: horizontal ventral margin
1: down-turned ventral margin
4. Premaxilla, postnarial process
0: absent
1: present, restricting contact of the maxilla to the external nares or even excluding maxilla
5. External nares, location I
0: marginal
1: close to midline
6. External nares, location II
0: positioned anteriorly
1: situated in central or posterior area of the antorbital skull portion
7. External nares, internarial bar
0: separated by internarial bar of premaxilla
1: confluent
8. External nares, shape
0: rounded
1: elongate
9. Premaxilla, contribution to internal naris
0: present
1: absent, excluded
10. Premaxilla-maxilla suture
0: simple vertical or diagonal
1: notch present in maxilla
11. Premaxilla, dentition
0: present
1: absent
12. Premaxillary/maxillary teeth, separated by diastema
0: absent
1: present
13. Anterior (premaxillary/maxillary) teeth, orientation
0: upright
1: strongly procumbent
14. Premaxilla-frontal contact
0: absent, nasals meet in dorsomedial suture
1: present, nasals separated
15. Septomaxilla
0: present
1: absent
16. Nasals
0: present
1: absent
17. Nasals, fusion
0: paired
1: fused
18. Narial shelf
0: absent
1: present
19. Nasal/frontal ratio
0: nasal equal to or shorter than frontal
1: nasal at least one-third longer, or better
20. Maxilla, ascending process
0: absent
1: present between orbit and external nares
21. Maxilla-prefrontal contact, anterior to lacrimal
0: absent due to nasal-lacrimal contact
1: present, separating nasal and lacrimal
22. Maxilla-frontal contact
0: absent
1: present, separates prefrontal and nasal
23. Maxilla length
0: extends to posterior orbital margin
1: does not reach posterior margin of orbit
24. Maxilla, orbital exposure
0: absent
1: present
25. Maxilla-quadratojugal contact
0: absent
1: present
26. Maxilla-vomer contact
0: absent
1: present
27. Maxilla-ectopterygoid contact
0: present
1: absent
28. Maxilla-pterygoid contact
0: absent
1: present
29. Maxilla, anterolateral foramen
0: absent or if present equal in size to all other foramina
1: present at least twice the diameter of all other foramina
30. Maxilla, tooth row
0: restricted to level in front of the posterior margin of the orbit
1: extends behind posterior margin of orbit
31. Teeth, button-like durophagous
0: absent
1: present
32. Antorbital fenestra
0: absent
1: present
33. Lacrimal, morphology
0: present and contributing to external nares
1: present at least as long as tall, but excluded from external nares
2: if present small, restricted to orbital margin, or absent entirely
34. Lacrimal, orbital margin
0: lacrimal enters orbital margin
1: excluded from margin due to external contact between posteroventral part of prefrontal and posterodorsal margin of maxilla
35. Lacrimal duct
0: enclosed by lacrimal only
1: lateral border formed by maxilla
36. Lacrimal, suture with jugal
0: present
1: absent
37. Prefrontal, bulbous medial process
0: absent
1: present
38. Prefrontal, contact with palate
0: absent
1: present
39. Prefrontal, medial flange
0: narrow
1: wide
40. Foramen orbitonasale
0: absent
1: represented by a medial indentation on the lacrimal and a dorsal indentation on the palatine
2: enclosed between prefrontal, lacrimal and palatine
41. Frontal, overall shape
0: parallelogram
1: hour-glass
42. Frontal, proportions
0: length exceeds width by at least four times
1: length no greater than twice width
43. Frontal-parietal length ratio
0: >1
1: < or =1
44. Frontal-nasal suture
0: transverse
1: oblique, forming an angle of at least 30° with long axis of the skull
45. Frontals, fusion
0: absent, paired
1: present, fused
46. Frontal, contribution to orbit
0: absent, due to prefrontal-postfrontal contact along orbital margin
1: present
47. Frontal, lateral lappet
0: absent
1: present
48. Frontal, posterolateral processes
0: absent
1: present
49. Orbit, shape
0: generally circular
1: anteroposteriorly elongate so that the length exceeds the height by at least 30%
50. Dermal sculpturing
0: absent
1: present
51. Dermal sculpturing, morphology
0: tuberosities
1: tuberosities and pits
2: honeycomb pattern of ridges and pits
52. Circumorbital bumps
0: absent
1: present
53. Postfrontal
0: present
1: absent, probably through fusion with postorbital
54. Intertemporal
0: present
1: absent
55. Postorbital-parietal contact
0: absent
1: present
56. Postorbital, posterior extent
0: terminates prior to reaching posterior limit of parietal
1: reaches nearly the posterior extent of the skull
57. Postorbital, shape of posterior process
0: slender, half as wide as itis long
1: increased width, parallelogram outline in lateral aspect
58. Supratemporal
0: present
1: absent
59. Supratemporal, size
0: large
1: small
60. Postorbital-supratemporal contact
0: present
1: absent
61. Parietal, skull table proportions
0: broad, width not less than half of the length measured along the element’s midline
1: weakly constricted
2: strongly constricted with the length exceeding the width by at least three times
3: forming sagittal crest
62. Parietal, shelf for adductor musculature
0: absent
1: present as shallow excavations on the lateral margins of the parietal
63. Parietal-prootic contact
0: absent
1: present
64. Parietal-opisthotic contact
0: absent
1: present
65. Pineal foramen
0: present
1: absent
66. Pineal foramen, position
0: present, displaced anteriorly
1: present, located near the middle of the parietal body
2: present, displaced posteriorly
67. Parietal-squamosal contact
0: absent
1: present
68. Parietal, fusion
0: absent
1: fully or partially fused in adult
69. Postparietal
0: present
1: absent
70. Postparietal, fusion
0: paired
1: fused
71. Postparietal, position
0: dorsally exposed, integrated into skull table
1: restricted to occipital plate
72. Posterolateral skull roof, composition
0: formed by tabular
1: formed mostly by supratemporal
2: formed by parietal and small supratemporal or parietal along
73. Tabular
0: present
1: absent
74. Tabular, position
0: part of skull table
1: restricted to occiput
75. Jugal, anterior process
0: does not extend to anterior orbital rim but reaches posterior margin of orbit
1: extends at least to level of anterior orbital rim
2: fails to reach posterior margin of orbit
76. Jugal, subtemporal process
0: present
1: absent
77. Jugal, subtemporal process extent
0: extends posteriorly no further than the middle of the cheek
1: reaches nearly the posterior limit of the skull
78. Jugal, subtemporal process morphology
0: robust, with height >50% of length
1: slender, height <50% of length
79. Squamosal, ventral extent
0: descends to ventral margin of skull
1: reaches only the approximate midlevel of the lower temporal fossa
2: remains distinctly restricted to the dorsal region of the cheek
80. Squamosal, contribution to post-temporal fenestra
0: absent, elements separated
1: present
81. Squamosal, occipital flange
0: absent or poorly developed forming only a thin ridge
1: flange developed forming a broadly exposed lappet
82. Quadratojugal
0: present
1: absent
83. Quadratojugal, anterior process
0: present
1: absent
84. Quadratojugal, vertical process
0: absent, restricted to ventral margin of cheek
1: present, distinct dorsal extension that does not extend above the dorsoventral midline of the orbit
2: present, process extends to a point above the dorsoventral midline of the orbit
85. Quadratojugal, anterior extent
0: reaches level of posterior border of orbit
1: does not reach level of posterior border of orbit
86. Quadratojugal, ornamentation
0: absent
1: present
87. Postorbital region, ventrolateral expansion
0: rectilinear or emarginated
1: expanded below level of maxilla
88. Jugal-squamosal contact
0: present
1: absent
89. Upper temporal fenestra
0: absent
1: present
90. Upper temporal fenestra, size
0: comparable to orbit size or smaller
1: distinctly larger than orbit
91. Upper temporal fenestra, contribution from frontal
0: frontal widely separated from upper temporal fenestra
1: narrowly approaches or enters the anteromedial margin of the upper temporal fossa
92. Upper temporal fenestra, contribution from postfrontal
0: absent due to postorbital-parietal contact
1: present
93. Lower temporal fenestra
0: absent
1: present
94. Lower temporal fenestra, ventral margin
0: bounded ventrally by bone
1: open ventrally, subtemporal processes of jugal and quadratojugal not in contact
95. Lower temporal fenestra, postorbital contribution
0: present
1: absent
96. Lower temporal fenestra, quadratojugal contribution
0: absent
1: present
97. Post-temporal fenestra
0: absent
1: present
98. Post-temporal fenestra
0: small, diameter less than half of the diameter of the foramen magnum
1: large, diameter at least equal to that of the foramen magnum
99. Interpterygoid vacuity, presence
0: vacuity absent
1: present
100. Interpterygoid vacuity, anterior extent
0: extends beyond posterior margin of palatine
1: does not reach posterior margin of palatine
101. Interpterygoid vacuity, shape
0: anterior end tapers sharply
1: anterior border crescent-shaped
102. Pterygoid, palatal process
0: extends anterior to the anterior limit of the palatine
1: forms oblique suture with palatine but process ends before reaching anterior limit of palatine
2: forms transverse suture with palatine
103. Pterygoid, anterior extent
0: reaches level of posterior end of choana
1: remains posterior to choana
104. Pterygoid, teeth on palatine ramus
0: present
1: absent
105. Pterygoid, transverse flange development
0: well-developed
1: strongly reduced
106. Pterygoid, orientation of transverse flange
0: directed predominantly laterally
1: oriented in an anterolateral direction
107. Pterygoid, dentition on transverse flange
0: present
1: edentulous
108. Pterygoid, tooth morphology on the transverse flange
0: present as a shagreen of teeth
1: present but with one large distinct row of teeth along the posterior edge of the transverse flange
109. Pterygoid, ventral extent of transverse flange
0: extends below maxillary tooth row
1: terminates at or above maxillary tooth row
110. Pterygoid, quadrate ramus
0: merges smoothly into transverse flange without distinctive excavation
1: deep excavation on posterolateral surface
111. Ptergyoid, aruate flange
0: present
1: absent
112. Basipterygoid processes, orientation
0: lateral
1: anterolateral
113. Palate, basicranial articulation
0: kinetic
1: akinetic
114. Basicranial articulation, length
0: restricted to lateral margin of the parasphenoid
1: extends over much of the length of the main body of the parasphenoid
115. Ectopterygoid
0: present
1: absent
116. Ectopterygoid, teeth
0: present
1: absent
117. Ectopterygoid-pterygoid suture
0: transverse process extends along posterior margin of ectopterygoid and reaches its posterolateral corner
1: extends along posterior margin but does not reach its posterolateral corner
2: contact restricted to medial surface of ectopterygoid
118. Choana, palatal exposure
0: parallel medial border of maxilla, palatine forms posterior margin only
1: deflected posteromedially, palatine forms posterior and part of its lateral margin
119. Suborbital foramen
0: absent
1: present
120. Suborbital foramen, size
0: small
1: enlarged as fenestra
121. Suborbital foramen, lateral border
0: formed by dermal cheek—maxilla and/or jugal
1: dermal cheek excluded by palatine contact with transverse process of pterygoid or ectopterygoid
122. Palatine, teeth
0: present
1: absent
123. Vomer, teeth
0: edentulous
1: present
124. Vomer, distribution of teeth
0: extend along a majority of the vomer’s rostrocaudal length, not restricted to anterior end
1: restricted to the rostral end of the vomer
125. Vomer, alar flange
0: absent
1: present, mediolateral expansion positioned just behind contact with premaxilla
126. Quadrate, posterior excavation
0: straight posterior edge
1: posterior edge deeply excavated forming a concave region
127. Quadrate, lateral exposure
0: absent, covered by squamosal and quadratojugal
1: present
128. Quadrate, lateral conch
0: absent
1: present
2: ventral conch
129. Quadrate, anterior process
0: long, extending forward along its sutural contact with the quadrate process of the pterygoid to nearly reach the level of the transverse flange
1: short, not extending anteriorly beyond half the length of the quadrate process of the pterygoid
130. Quadrate-prootic contact
0: absent
1: present
131. Quadrate, articular surface of condyle
0: strongly convex, anteroposteriorly long
1: nearly flat, anteroposteriorly shorter than they are wide
132. Temporal notch
0: absent
1: present
133. Temporal depression
0: absent
1: present
134. Stapes, shape
0: robust, greatest depth exceeding one-third total length
1: slender, length at least four times depth
2: slender but short
135. Stapes, dorsal process
0: ossified
1: unossified or absent
136. Epipterygoid, dorsal wing
0: broad
1: narrow
137. Cranioquadrate space
0: small, quadrate ramus of pterygoid and paroccipital process of opisthotic converge posterolaterally
1: large, quadrate ramus of pterygoid and paroccipital process of opisthotic are parallel to each other
138. Supraoccipital, occipital crest
0: plate-like, no sagittal crest
1: body constricted at midline forming sagittal crest
139. Medial wall of inner ear as formed by the prootic
0: unossified
1: ossified with acoustic nerve foramina
140. Paroccipital process, orientation
0: directed primarily laterally, approximately perpendicular to the parasagittal plane
1: paroccipital process deflected posterolaterally at an angle of about 20° from the transverse width of the skull
2: paroccipital process deflected dorsolaterally at an angle of nearly 45°
141. Paroccipital process, distal end
0: ends freely or contacts skull table
1: contacts suspensorium, including quadrate, squamosal, and/or supratemporal on the occiput
142. Exoccipitals, contact each other below foramen magnum
0: present
1: absent
143. Exoccipital, lateral process
0: absent
1: present, lateral flange extending deep to paroccipital process
144. Occipital condyle, shape
0: transversely broad
1: reniform to circular
145. Basioccipital/basisphenoid relationship
0: elements separated by unossified gap
1: elements with ossified suture
146. Parasphenoid, pocket for cervical musculature
0: present
1: absent
147. Parasphenoid, cultriform process
0: long, exceeding length of parasphenoid body and reaching forward to the level of the posterior limit of the internal nares
1: short, not reaching the level of the internal nares
2: absent
148. Parasphenoid, teeth
0: present
1: absent
149. Parasphenoid wings
0: present, parasphenoid broad posteriorly
1: absent, parasphenoid narrow posteriorly
150. Ventral braincase tubera
0: absent
1: present
151. Sphenethmoid
0: present
1: absent
152. “Laterosphenoid”
0: absent
1: present
153. “Laterosphenoid”, extent
0: not in contact with parietal
1: forms osseous bridge between basisphenoid and dermal roof
154. Mandibular joint, position relative to occipital condyle
0: posterior to
1: even with
2: anterior to
155. Coronoid process
0: absent or small and formed by multiple elements
1: tall, formed by coronoid
2: tall, formed by dentary
156. Coronoid, number
0: more than one
1: only one coronoid
157. Meckelian fossa, orientation
0: faces mediodorsally, prearticular narrow
1: faces dorsally, prearticular broad
158. Meckelian fossa, length
0: long, occupies at least 25% of lower jaw length
1: short, occupies less than 25% of lower jaw length
159. Surangular, length
0: extends anterior to coronoid eminence
1: does not extend anterior to coronoid eminence
160. Surangular, lateral shelf
0: absent
1: present
161. Surangular, contribution to articular facet
0: absent
1: present
162. Splenial
0: present
1: absent
163. Splenial, mandibular symphysis
0: contributes to mandibular symphysis
1: reduced, excluded from mandibular symphysis
164. Mandibular symphysis, length
0: short
1: elongated
165. Angular, lateral exposure
0: exposed along 1/3 the lateral face of the mandible
1: exposed only as a small sliver along the lateral face
2: absent from lateral aspect
166. Prearticular, extent
0: extends anterior to coronoid eminence
1: terminates prior to reaching coronoid eminence
167. Retroarticular process, morphology
0: absent, small or narrow
1: transversely broad, dorsally concave
168. Retroarticular process, upturned
0: absent
1: present
169. Caniniform region
0: present
1: absent
170. Single caniniform tooth
0: absent
1: present
171. Tooth implantation
0: subthecodont
1: thecodont
2: ankylothecodont
3: superfically attached to bone
172. Marginal dentition, morphology
0: single cusp
1: multiple cusps
2: leaf-shaped with denticles
173. Labryrinthodont infolding
0: present
1: absent
174. Presacral vertebral count
0: more than 20
1: 20 or fewer
175. Caudal vertebral count
0: 23 or more
1: 20 or fewer
176. Vertebral centra
0: notochordal
1: non-notochordal
177. Vertebral centra
0: amphicoelous
1: platycoelous
2: other
178. Accessory vertebral articulations
0: absent
1: present
179. Atlantal ribs
0: ossified
1: not ossified
180. Cervical centra
0: rounded and smooth ventrally
1: keeled ventrally
181. Cervical intercentra
0: present
1: absent
182. Cervical ribs
0: without anterior process
1: with anterior process
183. Trunk neural arches
0: swollen with heavy zygapophyseal buttress
1: narrow, strongly excavated without heavy buttress
2: swollen with narrow, tall zygapophyseal buttress
184. Dorsal intercentra
0: present
1: absent
185. Dorsal transverse processes
0: short
1: long
186. Number of sacrals
0: two
1: three or more
187. Caudal lateral projections (transverse processes)
0: absent beyond fifth caudal
1: present beyond fifth caudal
188. Caudal ribs (transverse processes)
0: L-shaped and curved
1: straight
189. Chevron position
0: intercentral
1: located on anterior pedicel
190. Cleithrum
0: present
1: absent
191. Clavicles
0: broad
1: slender
192. Interclavicle
0: rhomboidal
1: T-shaped with broad transverse bar
2: T-shaped with gracile transverse bar
193. Mineralized sternum
0: absent
1: present
194. Scapula
0: short and broad with height not exceeding width (measured at level of glenoid) by more than three times
1: tall and blade-like with height exceeding width by at least factor of four
2: tall and slender, nearly cylindrical in cross-section
195. Acromion
0: absent
1: present and blade-like
2: present and pointed cylindrical
196. Supraglenoid buttress
0: present
1: absent
197. Coracoid ossifications
0: one
1: two
198. Coracoid foramen
0: enclosed by coracoid only
1: between coracoid and scapula
199. Humerus
0: with large epicondyles
1: with reduced epicondyles
200. Humeral torsion:
0. proximal and distal ends at 45° twist
1. opposing ends at less than 20° twist
201. Humeral shaft-distal end ratio
0: shaft length less than one third maximum width of distal end of humerus
1: shaft long at least four times width of distal end
202. Humeral distal articulation
0: with distinct trochlea and capitellum
1: low double condyle
203. Supinator process
0: large and angled from shaft
1: large and confluent with shaft
2: small or absent
204. Ectepicondylar groove
0: open, notched anteriorly
1: open without notch
2: completely enclosed foramen without groove
205. Entepicondylar foramen
0: present
1: absent
206. Radius length
0: shorter than ulna
1: longer than ulna
2: radius and ulna equal in length
207. Olecranon process
0: large, well developed
1: small or absent
208. Perforating foramen in manus
0: present
1: absent
209. Ratio of metacarpals IV/III
0: metacarpal IV larger than metacarpal III
1: metacarpal IV equal or smaller than metacarpal III
210. Thyroid fenestra
0: absent
1: present
211. Iliac blade, posterior process
0: present
1: fan-shaped distally
212. Iliac blade
0: not expanded anteriorly
1: expanded anteriorly
213. Pubic tubercle
0: small and anteroventrally directed
1: large and downturned in lateral view
214. Acetabulum
0: oval
1: circular
215. Acetabular buttress
0: weak
1: triangular process
216. Femoral shaft
0: stout and straight
1: sigmoidally curved, slender
217. Fourth trochanter of femur
0: present
1: absent
218. Trochanter major of femur
0: absent
1: present, deflected distally from proximal head of femur
2: pyramidal process high on femoral shaft
3: pyramidal process at mid-length on femoral shaft
219. Intertrochanteric fossa
0: well-defined
1: reduced
2: absent
220. Distal femoral condyles
0: prominent, projecting from distal end of shaft
1: not projecting beyond distal end of femur
221. Anterior femoral condyle size
0: larger than posterior condyle
1: smaller than or equal to posterior condyle
222. Fibula
0: bowed away from tibia
1: straight and not bowed away
223. Perforating artery in pes
0: located between astragalus and calcaneum
1: located between distal ends of tibia and fibula
224. Tibia-astragalus articulation
0: loosely defined
1: tightly fitting with well-developed articulation
225. Discrete astragalus
0: absent
1: present
226. Astragalus and calcaneum
0: not fused in adult
1: fused in adult
2: specialized hinge
227. Articulation between distal tarsal 4 and astragalus
0: poorly defined
1: well defined
2: absent
228. Calcaneal tuber
0: absent
1: present
229. Distal tarsal 1
0: present
1: absent
230. Distal tarsal 5
0: present
1: absent
231. Metatarsal V
0: long and slender
1: short with broad base
232. Metatarsal V
0: straight
1: hooked
233. Metatarsal V plantar tubercle
0: absent
1: present
234. Metatarsal I/IV ratio
0: length of metatarsal I more than 50% that of metatarsal IV
1: length of metatarsal I less than 50% that of metatarsal IV
235. Number of pedal Centralia
0: lateral and medial present
1: medial centrale absent
2: both centralia absent
236. Pedal digit V
0: longer than pedal digit I
1: slender, shorter than pedal digit I
237. Metapodials
0: not overlapping proximally
1: overlapping
238. Pedal phalangeal formula 
0: 2-3-4-5(4)-4
1: 2-3-4-4-3
2: 2-3-3-4-3 (or fewer)
239. Limbs
0: short and stout
1: long and slender
240. Manus and pes
0: short and broad
1: long and slender
241. Unguals
0: shorter than phalanges
1: at least 50% longer than penultimate phalanges
242. Body osteoderms
0: absent
1: present but few restricted to mid-line
2: present and spread all over back
243. Osteodermal ridges
0: absent
1: fine, regularly spaced ridges
2: heavy, irregularly spaced ridges
244. Appendicular osteoderms
0: absent
1: present as conical studs
245. Gastralia
0: present
1: absent
246. Plastron
0: absent
1: partial fusion of gastralia resulting in forked elements or partial fusion of ventral osteoderms into a more rigid structure
2: fully developed plastron present
247. T-shaped ribs
0: absent, ribs circular or oval in cross-section
1: present, rib distinctly T-shaped in cross-section
248. Ribs
0: not meeting or lying on top of each other
1: touching one another and lying on top of each other
249. Number of dorsal vertebrae
0: more than 10
1: 10
2: 9 or fewer
250. Length of dorsal vertebrae
0: not greatly exceeding width
1: length more than twice centrum width
251. Trunk length
0: much greater than trunk width
1: trunk length and trunk width approximating each other
252. Sacral rib distal overlap
0: broad with narrow gaps between ribs
1: small or absent with wide gaps between ribs
253. Distinctly broadened ribs
0: absent
1: 10 or more ribs distinctly broadened
2: 9 or fewer ribs distinctly broadened
254. Outgrowth of dermal bone from perichondral collar of dorsal ribs
0: absent, dorsal ribs have endochondral ossification
1: present, dermal bone growing out of perichondral collar
255. Dorsal ribs
0: distinctly curved
1: nearly straight
256. Dorsal ribs
0: ending bluntly, indicating presence of ventral ribs or sternum
1: ending smoothly and tapered, indicating loss of ventral ribs or sternum
257. Sharpey's fibres on ventral portion of dorsal ribs
0: Sharpey's fibres present on lateral edges of ribs, but do not extend onto the ventral portion of rib
1: Sharpey's fibres present on ventral portion of ribs, often asymmetrically
258. Fan-shaped (flabellate) arrangement of dorsal ribs
0: absent, with dorsal ribs roughly parallel to each other on their entire length
1: present, with distal ends of dorsal ribs farther away from each other than proximal ends
259. Dorsal neural spines distinctly broadened to form neurals
0: absent
1: present
260. Gastralia
0: without lateral and medial segments
1: with lateral and medial segments
2: paired gastralia lacking lateral and medial portions
261. Dorsal osteoderms overlying ribcage
0: not sutured together
1: sutured together
262. Peripheral bones (dermal ossifications offset from overlying scales)
0: absent
1: osteoderms lateral to ribcage, offset from overlying scales
263. Number of ventral dermal ossifications (not including pectoral girdle elements)
0: more than 10 ventral ossifications
1: 10 or fewer dermal ventral ossifications
264. Osteoderms ventral to gastralia
0: absent
1: present
265. Squamosal
0: plate-like
1: with four distinct processes
266. Deep groove on the posterior face of the distal end of femur
0: absent
1: present
267. Dorsal process of maxilla
0: absent or if present rounded
1: tall with pointed apex
268. Median part of gastralia
0: throughout facing anteriorly
1: anterior gastralia with posteriorly facing median parts, intermediate ones straight medially, and posterior ones with anteriorly facing median parts
269. Pubis, lateral process
0: absent
1: present
270. Clavicle and interclavicle incorporated into plastron
0: not incorporated
1: incorporated into immobile bony plastron
271. Dorsal rib expansion
0: all ribs
1: all but the most anterior
2: all but the most posterior
272. Cervical vertebral count
0: <7
1: 7 or 8
2: >8
273. Snout shape in lateral view
0: pointed, the anterior end of the skull noticeably shallower than the posterior part
1: rounded or rectangular, the snout is approximately as deep as the posterior part of the skull
274. External nares size
0: small, less than half the size of the orbit
1: large, half the size of the orbit or larger
275. Position of supratemporal in relation to parietal
0: posterior
1: lateral
276. Ventral temporal foramen/embayment adult shape
0: rounded, with distinct dorsal bar
1: notch-like, with angular dorsal margin
277. Quatratojugal exposition in lateral view
0: only or mainly ventral to squamosal
1: ventral and anterior along the most of the squamosal margin
278. Maximum height of the skull
0: caudally to orbit
1: around the orbit level
2: rostrally to orbit
3: the height is nearly uniform behind the rostrum
279: orientation of dorsal osteoderms relative to the ribs
0: near parallel
1: at an ~45° angle to one another
Character 280: number of costal rows (osteoderms overlying the ribs)
0: 1
1: 2 or more

Additional characters for run with autapomorphies: 
Character 281: the ventral process on the mandible
0: absent
1: present
Character 282: ventrally expanded cheek region
0: absent
1: present
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