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DINOSAURIA – distinguishing characters 



according to Brusatte (2011) 





Coelophysis 



           Ornithischia 



Ornitischian characters 



Ornitischia – group 1 



ORNITHISCHIA 
Thyreophora (“shield-bearers - sköldbärare") 

Thyreophora – stem forms – Stegosauria / Ankylosauria!

Cerapoda 



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Scutellosaurus  

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Scelidosaurus 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Scelidosaurus 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Stegosauria    (Jurassic to Cretaceous) 
(“roof-lizards, plated lizards - taködlor") 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



small antorbital fenestrae, toothless predentary bone  

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Stegosauria  

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Stegosaurus Marsh, 1879 
the best know, and also most famous stegosaur 
... and the trouble with the plates (osteoderms) 

bipedal? 



Stegosaurus and the second brain 

large canal in the spinal cord (20 times larger than the brain) 
 glycogen body ?? 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Ode to Stegosaurus by B. L. Taylor (1912) 



Thyreophora – stem forms – Stegosauria / Ankylosauria!



 Ankylosauria  
(“fused lizards” – “pansardinosaurier”)  

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



 Ankylosauria  and their armor 

- armor is rarely preserved in situ 
- dermal plates most likely arranged in rows (longitudinally and/or transversely) 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Gastonia - Early Cretaceous, Moab, Utah 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Reduction of cranial fenestrae 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Ankylosaur synsacrum 

Struthiosaurus 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Thyreophora – stem forms – Stegosauria / Ankylosauria!



Nodosauridae 
•  narrow skull without 
   excessive armor or horns 
•  presence of spines as 
   armor 
•  lack of tail cub 
•  open lateral temporal 
   fenestrae 

Ankylosauridae 
•  wide armored head  
   with horns 
•  few or no spines as  
   armor 
•  presence of tail cub 
•  closed fenestrae (i.e., 
   covered with bony armor) 

Polacanthus Euoplocephalus 

Thyreophora – stem forms – Stegosauria / Ankylosauria!



Euoplocephalus 

Thyreophora – stem forms – Stegosauria / Ankylosauria!





Ornitischia – group 2 



Cerapoda 

shared character: 
 thicker layer of enamel on the inside of their lower teeth 

Cerapoda – Marginocephalia + Ornithopoda!

ORNITHISCHIA 
Cerapoda (“horned feet") 



Ornithopoda  -  (“bird feet”) 
•  bipedal or quadrupedial 
•  no body armor 
•  since early Jurassic 
•  diverse group 

 heterodontosaurids 
 iguanodontids 
 duck-billed dinosaurs 

•  ventrally offset tooth rows 
•  low located lower jaw joint 

Cerapoda – Ornithopoda – Heterodontosauridae - Iguanodontidae - Hadrosauridae!



Cerapoda – Ornithopoda – Heterodontosauridae - Iguanodontidae - Hadrosauridae!



Hypsilophodonts  

•  Mostly small (1-3 m long), obligate bipeds  
•  Probably fast runners  
•  Earliest forms in Middle Jurassic, persist until end of 
   Cretaceous  
•  Most famous representative is the hypsilophodontid  
   Hypsilophodon  

special way of grinding food  probably a key to their success 
Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!



•  Almost all are larger than "hypsilophodonts"  
•  strong forelimbs, and were probably facultative bipeds  

•  bipedal when running and feeding on trees  
•  quadrupedal while walking and browsing on low vegetation  

•  Characterized by loss of premaxillary teeth  
•  spike-like thumb present in many iguanodontids 
•  Since Middle Jurassic, but become more common in Late Jurassic  
    and Early Cretaceous  
•   Camptosaurus (Late Jurassic, North America) 
    Tenontosaurus (Early Cretaceous, North America) 
    and Iguanodon (Early Cretaceous, Europe) 

Iguanodontidae  

Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!





Hadrosauridae  -  ”duck-billed dinosaurs” 

•  Extremely common in Late Cretaceous of North America,  
    also known from Asia, Europe, South America  
•  one of the best known dinosaur group (from eggs through adults) 
•  lived in herds and had nesting colonies  

•  End of snout flares outward to form "duck bill"  
•  increase in number of teeth  
    Teeth organized into dental battery 
        a continuous grinding surface  

    most complex and sophisticated chewing of any reptile  
•  Manual digit I lost  
•  Metacarpals II-IV very long and slender:  
•  probably quadruped  most of the time 

Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!



Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!



Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!



Two major clades: 
Hadrosaurinae  
  enlarged external nares  
     and broader snouts  
Lambeosaurinae 
 hollow crests on top of head  

Hadrosauridae  -  ”duck-billed dinosaurs” 



Possible uses of lambeosaurine crests? 

•  Increase surface area for smelling sensors  
•  Sound generation 
•  Visual display  
•  Trapping moisture in exhaling breath to  
    keep lungs from drying out  
•  Or a combination  

•  are different in every species 
•  probably display also sexual dimorphism 

Cerapoda – Ornithopoda – Hypsilophodonts - Iguanodontidae - Hadrosauridae!



How to speak dinosaur 



Cerapoda 

•  all herbivores 
•  bi- or quadrupedal 
•  characterized by a bony ridge  
   or frill on the back of the skull  
•  evolved during the Jurassic  
•  especially Upper Cretaceous 
•  Ceratopsia + Pachycephalosauria 

ORNITHISCHIA 
Marginocephalia (“fringed heads” - “kragförsedda”) 



Tr
ias

sic
    

    
    

 Ju
ra

ss
ic 

    
    

    
    

    
    

 C
re

tac
eo

us
 

The five dinosaur faunas 



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Pachycephalosauria  
("thick headed lizards"- "benskallar") 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Pachycephalosauria 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Head butting? 
•  thick skull to protect brain 
•  shortened neck 
•  strengthened vertebral coulmn 
•  inclination of the skull 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!





but ...  Goodwin & Horner, 2004 

Microstructure showed: 

•  internal structure of the 
pachycephalosaur dome is a 
dynamic tissue, fast growing 
bone (ontogenetic stage of 
dome growth) 

•  dense layer of Sharpey’s 
fibers indicates external 
covering 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!





Ceratopsia  ("horned faces" - "hornansikte")  

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Psittacosaurus  ”the parrot dinosaur” 

 2 m  

Osborne 1923 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - psittacosaurids!



Protoceratops and the protoceratopsids 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - protoceratopsids!



The Griffin Myth 

ca. 1260, France ca. 375-350 BC, Eritrea 

Griffin: a lion with an eagle head that lies eggs 

first described by Greek writers 675 BC 

 finds of protoceratopsids in Mongolia by 
Scythian nomads 
Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - protoceratopsids!





Ceratopsidae 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Two groups: Chasmosaurinae and Centrosaurinae 
long-frilled, long-faced vs. short-frilled, short faced forms 

  large nasal horn 
  short brow horns 
  hooks and spines on frill margin 

  large brow horns 
  enlarged and long frill 
  enlarged rostral bone and  
      thickening of the snout bones 
Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!





Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Function of the frill ?? 

  muscle attachment 
  reflects gender 
  ritualized combat and display 
  establishment of hierarchies 
  protection of the neck 
  thermoregulation 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Function of the horns ?? 

Einiosaurus 

- predator defense 
- intimidate predator 
- mate recognition 
- intraspecific competition 

Centrosaurus 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!



Sexual dimorphism 

Cerapoda – Marginocephalia – Pachycephalosauria – Ceratopsia - ceratopsids!

Chasmosaurus 


