
The character matrix used as a basis for this study is that of Yates et al (2010) which is 
modified from the earlier matrix used by Yates (2007). This matrix includes characters acquired 
and/or modified from 19 other sources (Barrett et al. 2005; Benton et al. 2000; Galton 1990; 
Galton & Bakker 1985; Galton & Upchurch 2004; Gauthier 1986; Holtz 1994; Langer 2004; Leal 
et al. 2004; Rauhut 2003; Sereno 1999; Sereno et al. 1996; Sereno et al. 1993; Upchurch 1995; 
Upchurch 1998; Wilson 2002; Wilson & Sereno 1998; Yates 2003a; Yates 2003b). This original 
matrix comprises 353 characters, of which 120 regard craniodental homologies.  

We modified this matrix by adding 27 new cranial characters and deleting five pre-
existing characters to reflect new information gleaned from this research and to determine 
relationships in non-sauropodan Sauropodomorpha. The characters deleted were either 
ambiguous or did not make any useful homology statements within basal Sauropodomorpha. 
Eight of the new characters are a result of reductive coding (sensu Strong & Lipscomb 1999) of 
mǳƭǘƛǎǘŀǘŜ ŎƘŀǊŀŎǘŜǊǎ ǘƘŀǘ ƛƴŎƭǳŘŜŘ ǘƘŜ ǎǘŀǘŜ άŀōǎŜƴǘέ. The revised cranial characters are 
presented below. Where new characters are presented, or where characters have been revised 
heavily, we present discussions and images to assist in assessing the homology statements.  

All pictures not taken by the author are referenced below figures. For specimen 
numbers and collection information on pictures taken by author, please refer to table 1 in 
paper. For unrevised postcranial characters used in analyses please refer to S2 Nexus character 
matrix.  
 
1. Entire skull: Ratio of maximum anteroposterior length of skull to proximodistal length of 
femur (Gauthier 1986; from Yates 2007 ch. 1)  

  0 greater than 0.6  
  1 less than 0.6  
 
2. Premaxilla: ventrolateral margin of alveolar region extends further ventrally than 
ventromedial margin in anterior/posterior view (Upchurch 1995; from Yates 2007 ch. 2)  
  0 absent  
  1 present  
 
3. Entire skull: Dorsoventral height of skull at posterior margin of the external naris (Langer 
2004; from Yates 2007 ch. 3)  
  0 more than 0.6 the height of the skull at the middle of the orbit  
  1 less than 0.6 the height of the skull at the middle of the orbit  
 
4. Premaxilla: Foramen on the lateral surface of the premaxillary body (Yates 2007 ch. 4)  
  0 absent  
  1 present  
 
5. Premaxilla: Morphology of the distal end of the nasal ramus (dorsal ramus) of the premaxilla 
(Sereno 1999; from Yates 2007 ch. 5)  
  0 tapered  
  1 mediolaterally expanded  
 



6. Premaxilla: Lateral surface of the premaxilla (Upchurch 1995; from Yates 2007 ch. 6)  
  0 convex  
  1 with an inflection at the base of the nasal ramus (dorsal process)  
 
7. Premaxilla: Size and position of the maxillary ramus (posterolateral process) of the premaxilla 
(Yates 2007 ch. 7)  
  0 large and lateral to the anteromedial process of the premaxillary ramus of the maxilla  
  1 small and medial to the premaxillary ramus of the maxilla  
 
8. Premaxilla: Contact between the maxillary ramus of the premaxilla and the premaxillary 
ramus of the nasal (New character) 
  0 absent, separated by maxilla  
  1 present  

 
Adeopapposaurus (0) (Image from: Martinez & Alcober 2009)



Herrerasaurus (1) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 
9. Premaxilla: Relationship between the maxillary ramus of the premaxilla and the premaxillary 
ramus of the nasal (Modified from Gauthier 1986. Ordered, from Yates 2007 ch. 8)  
  0 broad sutured  

1  point contact  
 



Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 



  
Plateosaurus engelhardti (1) (Image by: Kimberley Chapelle) 
 
10. Premaxilla: Posteromedial process of the premaxilla (Rauhut 2003; from Yates 2007 ch. 9)  
  0 absent  
  1 present 
  
11. Maxilla: Shape of the anteromedial process of the premaxillary ramus of the maxilla (Yates 
2007 ch. 10)  
  0 narrow, elongated and projecting anterior to lateral premaxilla-maxilla suture  
  1 short, broad and level with lateral premaxilla-maxilla suture  
 
12. External narial fossa: Development of external narial fossa (Yates 2007 ch. 11)  
  0 absent to weak  
  1 well developed with sharp posterior and anteroventral rims  
 



 
Melanorosaurus (0) (Image by: Kimberley Chapelle) 

 P. 
Plateosaurus longiceps (1) (Image by: Kimberley Chapelle) 



 
13. Maxilla: Maxillary contribution to the posterior and posteroventral margins of the narial 
fossa (Yates 2007 ch. 15)  
  0 absent  
  1 present  
 
14. Maxilla: Development of narial fossa on the premaxillary ramus of the maxilla (anterior 
ramus) (modified from Upchurch 1995; Yates 2007 ch. 12)  
  0 weak and orientated laterally to dorsolaterally  
  1 well developed and forming a horizontal shelf  
 
15. Subnarial foramen: presence (New character) 
  0 absent  
  1 present  
 

 
 Euparkeria (0) (Image by: Kimberley Chapelle, modified from Ewer 1965) 
 



Herrerasaurus (1) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 
16. Subnarial foramen: Size and position of subnarial foramen (modified from Sereno et 
al.1993. Ordered, Yates 2007 ch 13)  
  0 small (no larger than adjacent maxillary neurovascular foramina) and positioned 

outside of narial fossa  
  1 large and on the rim, or inside, the narial fossa  
 



Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 

  
Adeopapposaurus (1) (Image from: Martinez & Alcober 2009) 
 
17. Subnarial foramen: Shape of subnarial foramen (Yates 2007 ch. 14)  
  0 rounded  
  1 slot-shaped  



 
Omeisaurus (0) (Image by: Kimberley Chapelle, modified from He et al. 1988) 

 
Adeopapposaurus (1) (Image from: Martinez & Alcober 2009) 
 
18. External naris: ratio of anteroposterior diameter of external naris to anteroposterior 
diameter of orbit, both at midheight (Wilson and Sereno 1998; Yates 2007 ch. 16)  
  0 less than 0.5 of the orbital diameter  
  1 greater than 0.5 of the orbital diameter  
 
19. External naris: Shape of the external naris (in adults) (Galton and Upchurch 2004; Yates 
2007 ch. 17)  
  0 rounded  
  1 subtriangular with an acute posteroventral corner  



 
  

 
Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 



 
Massospondylus (1) (Image by: Kimberley Chapelle) 
 
20. External naris: Level of the anteroventral corner of the external naris (anterior margin) 
(Rauhut 2003; Yates 2007)  
  0 anterior to the midlength of the premaxillary body  
  1 posterior to the midlength of the premaxillary body  



 
Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 



 
Massospondylus (1) (Image by: Kimberley Chapelle) 
 
21. External naris: Level of the posteroventral corner of external naris (posterior margin) 
(modified from Wilson and Sereno 1998. Ordered, Yates 2007)  
  0 anterior to, or level with the premaxilla-maxilla suture  
  1 posterior to the first maxillary alveolus  
  2 posterior to the midlength of the maxillary tooth row and the anterior margin of the 

antorbital fenestra  
 



 
Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 
 



 
Massospondylus (1) (Image by: Kimberley Chapelle) 

 
Shunosaurus (2) (Image by: Kimberley Chapelle, modified from Zheng 1996) 
 
22. Snout: Dorsal margin of the snout in lateral view (Yates 2007 ch. 20)  
  0 straight to gently convex  
  1 with a depression behind the naris  



 

 
Herrerasaurus (0) (Image from: Sereno & Novas 1993; copyright © Society of Vertebrate 
Paleontology, www.vertpaleo.org, reprinted by permission of Taylor & Francis Ltd, 
http://www.tandfonline.com on behalf of Society of Vertebrate Paleontology) 



 
Lufengosaurus (1) (Image by: Kimberley Chapelle) 
 
23. Nasal: Mediolateral width of maxillary ramus (anteroventral process) of nasal at its base 
(modified from Sereno 1999; Yates 2007 ch. 22)  
  0 less than the width of the premaxillary ramus (anterodorsal process) at its base  
  1 greater than the width of the premaxillary ramus (anterodorsal process) at its base  
 
24. Nasal: contribution to margin of antorbital fossa (New character) 
  0 absent  
  1 present  
 


