
 

 

 

 

ORAL PATHOLOGY OF THE ARCHOSAURIA 

BONY ABNORMALITIES AND PHYLOGENETIC INFERENCE 

 

by 

Ewan Douglas Stephens Wolff 

 

 

 

A dissertation submitted in partial fulfillment 
of requirements for the degree 

 
of 
 

Doctor of Philosophy 
 

in 
 

Earth Sciences 
 

 

MONTANA STATE UNIVERSITY 
Bozeman, Montana 

 

April 2007 



 

 

 

 

 

 

 

 

© COPYRIGHT 

by 

Ewan Douglas Stephens Wolff 

2007 

All Rights Reserved 

 

 

 

 



ii 

APPROVAL 

of a dissertation submitted by 

Ewan Douglas Stephens Wolff 

 

 This dissertation has been read by each member of the dissertation committee and 
has been found to be satisfactory regarding content, English usage, format, citations, 
bibliographic style, and consistency, and is ready for submission to the Division of 
Graduate Education. 
 
 
Dr. David J. Varricchio                                                                   April, 2007   
         
 
 
  Approved for the Department of Earth Sciences 
 
Dr. Stephen G. Custer                                                                     April, 2007 
 
 
 
 
  Approved for the Division of Graduate Education 
 
Dr. Carl. A. Fox                                                                               April, 2007 
   



iii 

STATEMENT OF PERMISSION TO USE 

 

       In presenting this dissertation in partial fulfillment of the requirements for a doctoral 

degree at Montana State University, I agree that the Library shall make it available to 

borrowers under rules of the Library. I further agree that copying of this dissertation is 

allowable only for scholarly purposes, consistent with “fair use” as prescribed in the U.S. 

Copyright Law.  Requests for extensive copying or reproduction of this dissertation 

should be referred to ProQuest Information and Learning, 200 North Zeeb Road, Ann 

Arbor, Michigan 48106, to whom I have granted “the exclusive right to reproduce and 

distribute my dissertation in and from microform along with the non-exclusive right to 

reproduce and distribute my abstract in any format in whole or in part.” 

 

 

Ewan Douglas Stephens Wolff  
   
April 2007    

 



  
 

iv 

DEDICATION 

 This dissertation is dedicated to several people, who without their contribution of 
valiant efforts on my behalf, this dissertation would not have progressed beyond an idea.   
To my best friend, companion, wife, and graphic design services department and figures 
editor, Meredith, who put up with six years of conversations on pathology, and periods of 
personal and mental absence despite the obscurity of the subject matter, the length of 
time taken to complete this degree, and the constant pressure, you have always been 
helpful and understanding.  This is as much your doctorate as it is my own.  To my 
parents, Alan and Helene Wolff, for their unswerving devotion to my success in every 
way imaginable, your help has always been above and beyond the call of duty, and a 
lesson in profound compassion and love. To Dave and Sue, for their unerring belief in my 
project and capabilities, self-sacrifice on my behalf and continual encouragement.  I am 
honored to have been one of your first PhD students. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 

v 

ACKNOWLEDGEMENTS 
 

I would like to thank the members of my committee,my chair David Varricchio, Susan 

Geske, Matt Lavin and Marc Mattix.  I would also like to thank previous mentors Jim 

Schmitt, Jack Horner, Dave Bowen and Rebecca Hanna.  Thanks to the museum 

collections personnel at NMNH, AMNH, QM, UWZS, UWBM, UBC, RTMP, MOR, 

HMNH, and Te Papa.  Thanks also to Ellen Lamm and the radiography facilities and staff 

at AMNH, NMNH, QM and Te Papa.  The Geological Society of America, Mr. Jerry 

Ohrstrom, Jack Horner, The Wildlife Disease Association,  Montana State University - 

College of Letters and Sciences, Marathon Oil, The Department of Earth Sciences, The 

Discovery Channel,  and Project Exploration Inc.provided direct or indirect partial 

support of research and/or expenses during my dissertation. I would further like to thank 

Ruth Elsey and the staff and veterinarians at the Australian Wildlife Hospital, 

Dreamworld and Currumbin Wildlife Sanctuary for direct experiences with wildlife in 

their care.  Brenda Chinnery, Cynthia Marshall, Thomas Carr, Elizabeth Rega, Michael 

Brett-Surmann, Darren Tanke, Bruce Rothschild, and my friends and fellow students of 

paleontology for substantive conversations concerning my research,  Melody Bergeron, 

Robert Kambic, Michael Knell, Denver Fowler, Masa Shibata, Jen Flight, Chris Organ, 

Sean Faul, Laurie and Sol Cantwell, Laura Wilson, Josh Bonde, Eric Williams, Scott 

Patterson, Peter Kloess, Michael Holland and Jamie Jette.  Special thanks to Frankie and 

Bob Jackson, who were of invaluable assistance with this presentation and the defense 

until the bitter end.  



  
 

vi 
 

TABLE OF CONTENTS 
 

1.  ZOOLOGICAL PALEOPATHOLOGY ........................................................................1 
     Introduction.....................................................................................................................1 
     Approaches to the Study of Ancient Diseases ................................................................3 
           The Disciplines of Paleopathology ...........................................................................4 
                  Human Paleopathology......................................................................................4   
                  Biomolecular Paleopathology............................................................................7 
                  Animal Paleopathology......................................................................................9 
                  Comparative Paleopathology ...........................................................................12 
                  Zoological Paleopathology (Retrospective Studies)........................................16 
                  Summary ..........................................................................................................19 
      A New Approach in Paleopathology ...........................................................................20 
           Past Assumptions and Current Considerations .......................................................21 
           Zoological Paleopathology .....................................................................................25 
      The Application of Zoological Paleopathology in this Dissertation............................28 
        
2.  MATERIALS AND METHODS..................................................................................29 
     Study Parameters ..........................................................................................................29 
     Materials .......................................................................................................................30 
            Taxon Selection .....................................................................................................30 
                  Phylogenetic Relationships..............................................................................30 
            Availability ............................................................................................................33 
            Specimen Sampling ...............................................................................................33 
      Abbreviations...............................................................................................................35 
            Measurement Abbreviations ..................................................................................35 
            Institutional Abbreviations.....................................................................................35 
      Methods........................................................................................................................35 
            Morphological Skull Measurements ......................................................................36 
            Primary Survey ......................................................................................................37 
            Secondary Survey ..................................................................................................38 
            Statistics .................................................................................................................38 
            Cladograms ............................................................................................................39 
      Limitations of the Study...............................................................................................39 
            Sampling Biases of Museum Collections ..............................................................39 
            Sampling Biases of this Study ...............................................................................40 
            Preservation Biases ................................................................................................41 
 
3.  EXTANT ARCHOSAUR ORAL PATHOLOGY........................................................43 
     Introduction...................................................................................................................43 
     Crocodile Oral Pathology .............................................................................................44 
            Congenital ..............................................................................................................45        
            Developmental .......................................................................................................46 
            Metabolic ...............................................................................................................47 
            Nutritional ..............................................................................................................48 



  
 

vii 
 

TABLE OF CONTENTS—CONTINUED 
 

            Trauma ...................................................................................................................48 
Inflammatory..........................................................................................................49 
Infectious................................................................................................................49 
      Fungal Stomatitis .............................................................................................50 
      Viral Stomatitis ................................................................................................50 
      Bacterial Stomatitis..........................................................................................51 
Degenerative ..........................................................................................................51 
Neoplastic ..............................................................................................................51 
Toxic ......................................................................................................................52 
Anomalous .............................................................................................................52 

      Avian Oral Pathology ..................................................................................................52 
            Congenital ..............................................................................................................53 
            Developmental .......................................................................................................53 
            Metabolic ...............................................................................................................53 
            Nutritional ..............................................................................................................54 
            Trauma ...................................................................................................................54 
            Inflammatory..........................................................................................................55 
            Infectious................................................................................................................55 
            Degenerative ..........................................................................................................57 
            Neoplastic ..............................................................................................................57 
            Toxic ......................................................................................................................58 
      Summary ......................................................................................................................58    
 
4.   CROCODILIAN CASE REPORTS AND DIAGNOSTIC INTERPRETATION ......60 
       Introduction.................................................................................................................60 
            Elements of the Crocodilian Skull .........................................................................60 
            Age Estimations .....................................................................................................62 
       Case Reports and Diagnostic Interpretation ...............................................................62 
       Case Report Numbering..............................................................................................62 
            Trauma ...................................................................................................................62 
   Case Report 4-1......................................................................................................62 
   Case Report 4-2......................................................................................................64 
   Case Report 4-3......................................................................................................64 
            Case Report 4-4......................................................................................................65 
   Case Report 4-5......................................................................................................66 
   Case Report 4-6......................................................................................................67 
            Case Report 4-7......................................................................................................68 
            Case Report 4-8......................................................................................................68 
            Case Report 4-9......................................................................................................69 
            Case Report 4-10....................................................................................................69  
            Case Report 4-11....................................................................................................70 
                

 



  
 

viii 
 

TABLE OF CONTENTS—CONTINUED  
                 
            Inflammatory..........................................................................................................70 
            Case Report 4-12....................................................................................................70 
            Case Report 4-13....................................................................................................71 
            Case Report 4-14....................................................................................................72 
            Case Report 4-15....................................................................................................74 
            Case Report 4-16....................................................................................................74 
            Case Report 4-17....................................................................................................75 
            Case Report 4-18....................................................................................................76 
            Case Report 4-19....................................................................................................76 
            Case Report 4-20....................................................................................................76 
            Case Report 4-21....................................................................................................76 
            Case Report 4-22....................................................................................................76 
            Case Report 4-23....................................................................................................78 
            Case Report 4-24....................................................................................................78 
            Congenital/Developmental ....................................................................................78 
            Case Report 4-25....................................................................................................78 
            Individual Variation ...............................................................................................79 
     Case Report 4-26....................................................................................................79 
            Case Report 4-27....................................................................................................80 
            Case Report 4-28....................................................................................................80 
            Degenerative ..........................................................................................................81 
     Case Report 4-29....................................................................................................81 
            Case Report 4-30....................................................................................................81 
            Case Report 4-31....................................................................................................82 
            Neoplasia................................................................................................................83 
            Case Report 4-32....................................................................................................83 
            Case Report 4-33....................................................................................................84 
            Case Report 4-34....................................................................................................85 
            Case Report 4-35....................................................................................................85 
            Case Report 4-36....................................................................................................86 
            Case Report 4-37....................................................................................................87 
     Anomalous .............................................................................................................87 
     Case Report 4-38....................................................................................................87 
            Case Report 4-39....................................................................................................88 
            Case Report 4-40....................................................................................................88 
            Case Report 4-41....................................................................................................89 
            Case Report 4-42....................................................................................................90 
            Taphonomic ...........................................................................................................90 
            Case Report 4-43....................................................................................................90 
     Fossil Taxon Types .......................................................................................................91 
            Inflammatory..........................................................................................................91 
            Case Report 4-44....................................................................................................91 
                  



  
 

ix 
                  

TABLE OF CONTENTS—CONTINUED 
 
            Congenital/Developmental ....................................................................................92 
            Case Reports 4-45, 4-46.........................................................................................92 
            Case Report 4-46....................................................................................................92 
      Crocodile Oral Pathology Plates..................................................................................93 
 
5.   PTEROSAUR AND NON-AVIAN DINOSAUR 
      CASE REPORTS AND DIAGNOSTIC INTERPRETATION.................................122 
      Introduction................................................................................................................122 
            Elements of the Dinosaur Skull ...........................................................................122 
            Age Estimations ...................................................................................................122 
            Case Report Numbering.......................................................................................122 
      Pterosaur Oral Pathology Summary from Literature .................................................124 
            Case Report 5-1....................................................................................................126 
      Dinosaur Oral Pathology: Case Reports and Diagnostic Interpretation ....................126 
      Saurischians ...............................................................................................................126 
            Trauma .................................................................................................................127 
            Case Report 5-2....................................................................................................127 
            Case Report 5-3....................................................................................................127 
            Case Report 5-4....................................................................................................128 
            Case Report 5-5....................................................................................................128 
            Case Report 5-6....................................................................................................129 
            Case Report 5-7....................................................................................................129 
            Inflammatory........................................................................................................130 
     Case Report 5-8....................................................................................................130 
            Case Report 5-9....................................................................................................131 
            Case Report 5-10..................................................................................................131 
            Case Report 5-11..................................................................................................131 
            Case Report 5-12..................................................................................................132 
            Case Report 5-13..................................................................................................132 
            Case Report 5-14..................................................................................................133 
            Case Report 5-15..................................................................................................134 
            Case Report 5-16..................................................................................................135 
            Case Report 5-17..................................................................................................136 
            Case Report 5-18..................................................................................................136 
            Case Report 5-19................................................................................................. 137 
            Neoplasia..............................................................................................................137 
            Case Report 5-20..................................................................................................137   
            Anomalous ...........................................................................................................138 
            Case Report 5-21..................................................................................................138 
            Miscellaneous ......................................................................................................139 
            Case Report 5-22..................................................................................................139 
            Case Report 5-23..................................................................................................139 
            Case Report 5-24..................................................................................................139 



  
 

x 
            Ornithischians ......................................................................................................140 
            Congenital/Developmental ..................................................................................140    
            Case Report 5-25..................................................................................................140   
       Trauma .................................................................................................................141 
            Case Report 5-26..................................................................................................141 
            Inflammatory........................................................................................................141 
            Case Report 5-27..................................................................................................141 
            Case Report 5-28..................................................................................................142 
            Case Report 5-29..................................................................................................142 
            Case Report 5-30..................................................................................................143 
            Neoplastic ............................................................................................................143 
            Case Report 5-31..................................................................................................143 
            Circulatory ...........................................................................................................144 
            Case Report 5-32..................................................................................................144 
            Anomalous ...........................................................................................................145 
            Case Report 5-32..................................................................................................145 
       Dinosaur Oral Pathology Plates ................................................................................146 
  
6.   AVIAN CASE REPORTS AND DIAGNOSTIC INTERPRETATION...................163 
      Introduction................................................................................................................163 
            Elements of the Avian Skull ................................................................................163 
            Age Estimations ...................................................................................................165 
            Case Report Numbering.......................................................................................165 
      Struthioniformes ........................................................................................................165 
            Inflammatory........................................................................................................165 
            Case Report 6-1....................................................................................................165 
            Case Report 6-2....................................................................................................166 
            Case Report 6-3....................................................................................................167 
            Congenital/Developmental ..................................................................................167 
            Case Report 6-4....................................................................................................167 
            Metabolic .............................................................................................................168 
            Case Report 6-5....................................................................................................168 
            Case Report 6-6....................................................................................................169 
            Neoplasia..............................................................................................................169 
            Case Report 6-7....................................................................................................169             
            Case Report 6-8....................................................................................................170 
            Anomalous ...........................................................................................................170 
            Case Report 6-10..................................................................................................171 
      Galliformes ................................................................................................................171 
            Inflammatory........................................................................................................173 
            Case Report 6-11..................................................................................................173 
            Case Report 6-12..................................................................................................173 
            Congenital/Developmental ..................................................................................174 
            Case Report 6-13..................................................................................................174 
            Case Report 6-14..................................................................................................174 
            Case Report 6-15..................................................................................................175 



  
 

xi 
                     

TABLE OF CONTENTS—CONTINUED 
 
            Case Report 6-16..................................................................................................175 
            Case Report 6-17..................................................................................................175 
            Neoplasia..............................................................................................................176 
            Case Report 6-18..................................................................................................176 
            Case Report 6-19..................................................................................................176 
            Anomalous ...........................................................................................................177 
     Case Report 6-20..................................................................................................177 
            Case Report 6-21..................................................................................................177 
            Miscellaneous ......................................................................................................178 
            Case Report 6-22..................................................................................................178 
            Case Report 6-23..................................................................................................178 
      Corvidae.....................................................................................................................178 
      Falconiformes ............................................................................................................179 
            Trauma .................................................................................................................179 
            Case Report 6-24..................................................................................................179 
            Case Report 6-25..................................................................................................180 
            Case Report 6-26..................................................................................................180 
            Metabolic .............................................................................................................181 
            Case Report 6-27..................................................................................................181 
            Case Report 6-28..................................................................................................182 
            Inflammatory........................................................................................................185 
            Case Report 6-29..................................................................................................185 
            Case Report 6-30..................................................................................................186 
   Case Report 6-31..................................................................................................186 
            Case Report 6-32..................................................................................................186 
            Case Report 6-33..................................................................................................186 
            Case Report 6-34..................................................................................................186 
            Case Report 6-35..................................................................................................186 
   Case Report 6-36..................................................................................................186 
            Case Report 6-37..................................................................................................186 
            Case Report 6-38..................................................................................................186 
            Case Report 6-39..................................................................................................186 
            Case Report 6-40..................................................................................................186 
   Case Report 6-41..................................................................................................186 
            Case Report 6-42..................................................................................................186 
            Case Report 6-43..................................................................................................187 
            Case Report 6-44..................................................................................................188 
            Case Report 6-45..................................................................................................188 
            Anomalous ...........................................................................................................189 
      Case Report 6-46........................................................................................................189 
      Avian Oral Pathology Plates......................................................................................190 
          
 



  
 

xii 
 

TABLE OF CONTENTS—CONTINUED 
 
7.   SQUAMATE AND MAMMALIAN CASE REPORTS 
      AND DIAGNOSTIC INTERPRETATION ..............................................................203 
      Introduction................................................................................................................203 
      Squamata:Iguanids.....................................................................................................203 
            Elements of the Iguanid Skull..............................................................................204 
            Age Estimations ...................................................................................................204 
            Case Report Numbering.......................................................................................205 
            Trauma .................................................................................................................206 
            Case Report 7-1....................................................................................................206 
            Case Report 7-2....................................................................................................206 
            Inflammatory........................................................................................................207 
            Case Report 7-3....................................................................................................207 
            Case Report 7-4....................................................................................................207 
            Case Report 7-5....................................................................................................207 
            Case Report 7-6....................................................................................................207 
            Case Report 7-7....................................................................................................208 
            Case Report 7-8....................................................................................................208 
            Case Report 7-9....................................................................................................209 
            Congenital/Developmental ..................................................................................209 
            Case Report 7-10..................................................................................................209 
            Nutritional/Metabolic...........................................................................................210 
            Case Report 7-11..................................................................................................210 
      Neoplasia..............................................................................................................210 
            Case Report 7-12..................................................................................................210 
            Case Report 7-13..................................................................................................211 
            Miscellaneous ......................................................................................................212 
            Case Report 7-14..................................................................................................212 
            Case Report 7-15..................................................................................................212 
      Synapsida: Theria.......................................................................................................212 
            Elements of the Mammalian Skull.......................................................................213 
          Trauma .................................................................................................................213 
            Case Report 7-16..................................................................................................213 
            Case Report 7-17..................................................................................................215 
            Inflammatory........................................................................................................215 
            Case Report 7-18..................................................................................................215 
            Case Report 7-19..................................................................................................216 
            Case Report 7-20..................................................................................................217 
            Congenital/Developmental ..................................................................................217 
            Case Report 7-21..................................................................................................217 
            Anomalous ...........................................................................................................218 
            Case Report 7-22..................................................................................................218 
            Case Report 7-23..................................................................................................219 
            Neoplasia..............................................................................................................219 



  
 

xiii 
         

TABLE OF CONTENTS—CONTINUED 
          
      Squamate and Mammalian Oral Pathology Plates.....................................................220 
 
8.   SUMMARY OF CASE REPORTS AND DIAGNOSTIC INTERPRETATION.....230 
      Introduction................................................................................................................230 
      Crocodilian Oral Diseases..........................................................................................230 
      Pterosaur and Dinosaur Oral Diseases.......................................................................231 
      Saurischians ...............................................................................................................231 
      Ornithischians ............................................................................................................231 
      Avian Oral Diseases...................................................................................................231 
      Iguana Oral Diseases..................................................................................................232 
      Mammalian Oral Diseases .........................................................................................232 
 
9.   DISCUSSION............................................................................................................238 
      Introduction................................................................................................................238 
      Oral Pathology and Comparisons from the Study Set ...............................................238 
            Trauma .................................................................................................................238 
            Inflammation........................................................................................................246 
            Congenital ............................................................................................................255 
            Developmental/Metabolic....................................................................................256 
            Neoplasia..............................................................................................................259 
            Miscellaneous ......................................................................................................259 
            Other Described Diseases ....................................................................................260 
            Unknown Diseases in Osteological Surveys........................................................260 
      Comments on Comparison of Archosaur Diseases to Phylogenetic Outgroups........266 
            Iguanids................................................................................................................266 
            Monotremes & Marsupials ..................................................................................267 
            Summary ..............................................................................................................268 
            Comments on Dinosaur Immunology..................................................................268 
            Zoological Paleopathology vs. Comparative Paleopathology .............................269 
 
10. CONCLUSIONS........................................................................................................273 
      Final Outcomes ..........................................................................................................273 
      Implications................................................................................................................276 
      Future Work ...............................................................................................................277 
            Oral Pathology of Archosaurs..............................................................................277 
            Beyond Oral Pathology........................................................................................278 
 
REFERENCES ................................................................................................................280 
 
APPENDICES .................................................................................................................296 
 
APPENDIX A: Characters for Cladograms.....................................................................297 
 



  
 

xiv 
 

TABLE OF CONTENTS—CONTINUED 
 
APPENDIX B: Unmeasured Cases .................................................................................301 
 
APPENDIX C: Morphology Tables ................................................................................311 



  
xv 

LIST OF TABLES 
 
Table           Page 
 
 
1.1 Summary of the disciplinary attributes of human paleopathology ..............................4 
 
1.2 Summary of the disciplinary attributes of biomolecular paleopathology....................8 
 
1.3 Summary of the disciplinary attributes of animal paleopathology ............................10 
 
1.4 Summary of the disciplinary attributes of comparative paleopathology ...................13 
 
1.5 Summary of the disciplinary attributes of zoological pathology ...............................16 
 
1.6 Summary of paleopathology disciplines and their limitations...................................19 
 
1.7 Summary of the disciplinary attributes of zoological paleopathology ......................26 
 
2.1 Higher taxa and sample sizes collected within Archosauria......................................32 
 
2.2 Higher taxa and sample sizes collected from iguanid and therian outgroups............32 
 
2.3 A random sampling of disease research on exotic and wildlife species ....................34 
 
8.1 Summary of oral disease cases reported in crocodiles.............................................233 
 
8.2 Summary of oral disease cases reported in tyrannosaurids .....................................234 
 
8.3 Summary of oral disease cases reported in ornithischians.......................................235   
 
8.4 Summary of oral disease cases reported in avians...................................................236 
 
8.5 Summary of oral disease cases reported in iguanids ...............................................237 
 
8.6 Summary of oral disease cases reported in mammals .............................................237 
 
9.1 Summary of oral pathology from the study .............................................................239 
 
9.2 Summary of the archosaur-specific cases ................................................................271 
 
A1   Character Code Matrix for Cladograms...................................................................300 
 
 



  
 

xvi 
 

LIST OF FIGURES 

Figure               Page 

1.1. Comparative Immunological Pathways ....................................................................22 

2.1 Phylogeny of the Study Set.......................................................................................31 

4.1 Anatomy of the Crocodilian Skull ............................................................................61 

4.2 Crocodilian Trauma Case 4-1 ............................................................................. 93-94 

4.3 Crocodilian Trauma Case 4-2 ...................................................................................94 

4.4 Crocodilian Trauma Case 4-3 ...................................................................................95 

4.5 Crocodilian Trauma Case 4-4 ............................................................................. 95-96 

4.6 Crocodilian Trauma Case 4-5 ...................................................................................97 

4.7 Crocodilian Trauma Case 4-6 ...................................................................................97 

4.8 Crocodilian Trauma Case 4-7 ...................................................................................98 

4.9 Crocodilian Trauma Case 4-8 ...................................................................................98 

4.10 Crocodilian Trauma Case 4-9 ...................................................................................99 

4.11 Crocodilian Trauma Case 4-10 ...............................................................................100 

4.12 Crocodilian Trauma Case 4-11 ...............................................................................100 

4.13 Crocodilian Inflammatory Case 4-12......................................................................101 

4.14 Crocodilian Inflammatory Case 4-13......................................................................101 

4.15 Crocodilian Inflammatory Case 4-14.............................................................. 102-103 

4.16 Crocodilian Inflammatory Case 4-15......................................................................104 

4.17 Crocodilian Inflammatory Case 4-16.............................................................. 104-105 

4.18 Crocodilian Inflammatory Case 4-18......................................................................105 

 



  
 

xvii 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

4.19 Crocodilian Inflammatory Cases 4-19, 4-20, 4-21 .................................................106 

4.20 Crocodilian Inflammatory Case 4-22.............................................................. 106-107 

4.21 Crocodilian Inflammatory Case 4-23......................................................................108 

4.22 Crocodilian Inflammatory Case 4-24......................................................................108 

4.23 Crocodilian Congenital/Developmental Case 4-25 ................................................109 

4.24 Crocodilian Individual Variation Case 4-26 ...........................................................109 

4.25 Crocodilian Individual Variation Case 4-27 ...........................................................110 

4.26 Crocodilian Individual Variation Case 4-28 ................................................... 110-111 

4.27 Crocodilian Degenerative Case 4-30 ......................................................................111 

4.28 Crocodilian Degenerative Case 4-31 ......................................................................112 

4.29 Crocodilian Neoplasia Case 4-31............................................................................112 

4.30 Crocodilian Neoplasia Case 4-32............................................................................113 

4.31 Crocodilian Neoplasia Case 4-33............................................................................114 

4.32 Crocodilian Neoplasia Case 4-34............................................................................114 

4.33 Crocodilian Neoplasia Case 4-35............................................................................115 

4.34 Crocodilian Neoplasia Case 4-36............................................................................116 

4.35 Crocodilian Neoplasia Case 4-37............................................................................116 

4.36 Crocodilian Anomalous Case 4-38 .........................................................................117 

4.37 Crocodilian Anomalous Case 4-39 .........................................................................117 

4.38 Crocodilian Anomalous Case 4-40 .........................................................................118 

 



  
 

xviii 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

4.39 Crocodilian Anomalous Case 4-41 .........................................................................118 

4.40 Crocodilian Anomalous Case 4-42 .........................................................................119 

4.41 Crocodilian Taphonomic Case 4-43 .......................................................................119 

4.42 Fossil Crocodilian Inflammatory Case 4-44 ...........................................................120 

4.43 Fossil Crocodilian Congenital/Developmental Case  4-45.....................................120 

4.44 Fossil Crocodilian Congenital/Developmental Case 4-46......................................121 

5.1    Dinosaurian Skull Anatomy....................................................................................123 

5.2    Saurischian Trauma Case 5-2 .................................................................................146 

5.3    Saurischian Trauma Case 5-4 .................................................................................146 

5.4    Saurischian Trauma Case 5-5 .................................................................................147 

5.5    Saurischian Trauma Case 5-6 .................................................................................147 

5.6    Saurischian Trauma Case 5-7 .................................................................................148 

5.7    Saurischian  Trauma Case 5-8 ................................................................................149 

5.8    Saurischian Inflammatory Case 5-9........................................................................149 

5.9    Saurischian Inflammatory Case 5-10......................................................................150 

5.10  Saurischian Inflammatory Case 5-11......................................................................150 

5.11  Saurischian Inflammatory Case 5-12......................................................................151 

5.12  Saurischian Inflammatory Case 5-13.............................................................. 151-152 

5.13  Saurischian Inflammatory Case 5-14......................................................................153 

5.14  Saurischian Inflammatory Case 5-15.............................................................. 153-154 

5.15  Saurischian Inflammatory Case 5-16......................................................................155 



  
 

xix 
 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

5.16 Saurischian Inflammatory Case 5-17..............................................................155, 156 

5.17 Saurischian Inflammatory Case 5-18......................................................................156 

5.18 Saurischian Inflammatory Case 5-19......................................................................157 

5.19 Saurischian Neoplasia Case 5-20....................................................................157, 158 

5.20 Saurischian Anomalous Case 5-21 .........................................................................158 

5.21 Saurischian Miscellaneous Case 5-22, 5-23, 5-24 ..................................................159 

5.22 Ornithischian Trauma Case 5-26 ............................................................................160 

5.23 Ornithischian Inflammatory Case 5-30...................................................................160 

5.24 Ornithischian Neoplasia Case 5-31.........................................................................161 

5.25 Ornithischian Anomalous Case 5-33 ......................................................................162 

6.1 Avian Paleognathous Skull Anatomy .....................................................................164 

6.2 Struthioniform Inflammatory Case 6-1...................................................................190 

6.3 Struthioniform Inflammatory Case 6-2...................................................................190 

6.4 Struthioniform Inflammatory Case 6-3...................................................................191 

6.5 Struthioniform Metabolic Case 6-5 ........................................................................191 

6.6 Struthioniform Metabolic Case 6-6 ........................................................................192 

6.7 Struthioniform Neoplasia Case 6-7.........................................................................192 

6.8 Struthioniform Neoplasia Case 6-8.........................................................................193 

6.9 Struthioniform Neoplasia Case 6-9.........................................................................193 

6.10 Struthioniform Anomalous Case 6-10 ....................................................................194 



  
 

xx 
 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

6.11 Avian Neognathous Palate Anatomy......................................................................172 

6.12 Galliform Inflammatory Case 6-11.........................................................................195 

6.13 Galliform Neoplasia Case 6-18...............................................................................195 

6.14 Galliform Neoplasia Case 6-19...............................................................................196 

6.15 Falconiform Trauma Case 6-24 ..............................................................................196 

6.16 Falconiform Trauma Case 6-25 ..............................................................................197 

6.17 Falconiform Trauma Case 6-26 ..............................................................................197 

6.18 Falconiform Metabolic Case 6-27 ..........................................................................198 

6.19 Falconiform Metabolic Case 6-28 .................................................................. 198-200 

6.20 Falconiform Inflammatory Case 6-29.....................................................................201 

6.21 Falconiform Inflammatory Case 6-30 to 6-43 ........................................................202 

6.22 Falconiform Inflammatory Case 6-45.....................................................................202 

7.1 Iguanid Skull Anatomy................................................................................... 204-205 

7.2 Iguanid Trauma Case 7-1........................................................................................219 

7.3 Iguanid Trauma Case 7-2........................................................................................220 

7.4 Iguanid Inflammatory Case 7-5 ..............................................................................220 

7.5 Iguanid Inflammatory Case 7-7 ..............................................................................221 

7.6 Iguanid Inflammatory Case 7-8 ..............................................................................221 

7.7 Iguanid Inflammatory Case 7-8 ..............................................................................222 

7.8 Iguanid Inflammatory Case from Dreamworld.......................................................222 



  
 

xxi 
 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

7.9 Iguanid Inflammatory Case from Dreamworld.......................................................223 

7.10 Iguanid Inflammatory Case 7-9 ..............................................................................223 

7.11 Iguanid Congenital/Developmental Case 7-10 .......................................................224 

7.12 Iguanid Neoplasia Case 7-12 ..................................................................................224 

7.13 Iguanid Neoplasia Case 7-13 ..................................................................................225 

7.14 Mammalian Skull Anatomy....................................................................................214 

7.15 Mammalian Trauma Case 7-16...............................................................................225 

7.16 Mammalian Trauma Case-Currumbin Wildlife Sanctuary.....................................226 

7.17 Mammalian Trauma Case 7-17...............................................................................226 

7.18 Mammalian Inflammatory Case 7-18 .....................................................................227 

7.19 Mammalian Inflammatory Case 7-19 .....................................................................228 

7.20 Mammalian Inflammatory Case 7-20 .....................................................................228 

7.21 Mammalian Congenital/Developmental Case 7-21 ................................................229 

7.22 Mammalian Anomalous Case 7-22.........................................................................229 

9.1 The Phylogenetic Distribution of Head Biting Trauma..........................................245 

9.2 The Phylogenetic Distribution of Penetrating Trauma from Feeding ....................245 

9.3 The Phylogenetic Distribution of Fracture .............................................................246 

9.4 The Phylogenetic Distribution of Necrotizing Dermatitis ......................................248 

9.5 The Phylogenetic Distribution of Fusarium sp. Infection ......................................248 

9.6 The Phylogenetic Distribution of Caseous Abscesses ............................................249 



  
 

xxii 
 
 

LIST OF FIGURES—CONTINUED 

Figure               Page 

9.7 The Phylogenetic Distribution of Stomatitis...........................................................250 

9.8 The Phylogenetic Distribution of Trichomoniasis..................................................251 

9.9 The Phylogenetic Distribution of Osteopenia.........................................................257 

9.10 The Phylogenetic Distribution of Nutritional Secondary Hyperparathyroidism ....257 

9.11 The Phylogenetic Distribution of Osteomalacia .....................................................258 

9.12 The Phylogenetic Distribution of Osteoporosis......................................................258 

 

 



  
 

xxiii 

GLOSSARY 

 This glossary of terms is provided as a reference for the technical language of 

disease processes and diagnosis.  For additional definitions or explanations the reader 

should consult the references within this glossary as a starting point.  Anatomical and 

paleontological terms were excluded from this glossary but can readily be accessed in 

intermediate textbooks on the subjects of vertebrate paleontology and comparative 

vertebrate anatomy. 

 

abscess (noun) a walled off compartment in which pus and liquid necrotic material 

accumulates in the advanced stages of an infection due to a variety of possible pathogens 

(Blood & Studdert, 2002). 

 

acute (adjective) pertaining to brief duration and/or high degree of severity (Anderson et 

al., 2002) 

 

aneurysm (noun) a herniation of a blood vessel (Blood & Studdert, 2002). 

 

angiogenesis (noun) the development of vascularization into a site of inflammation, 

infection of neoplastic growth (Robbins & Cotran, 2006). 

 

atherosclerosis (noun) sequential ‘hardening’ of the arteries due to deposition and later 

putrifaction of cholesterol plaques on arterial walls (Robbins & Cotran, 2005). 
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arthritis (noun) inflammation of the joint which involves degeneration of articular 

cartilage, remodeling of the surrounding bone, and reduction of function (Weisbrode & 

Doige, 2001). 

 

avascular necrosis (noun) the death of bone cells due to inadequate perfusion of blood 

which typically occurs in the femoral head and joints due either to vascular occlusion or 

accumulation of impermeable gas bubbles (Ortner, 2005). 

 

brachycephalism  (noun) a defect in which the skull fails to lengthen during growth, 

leading to a shortened narrow skull (sensu Youngprapakorn, 1994). 

 

callus (noun) the progressively changing mass that forms at a fracture site and transitions 

from granulation tissue to woven bone and remodels to form secondary bone.  Calluses 

either form within the spongiosa, or along the margins of a bone and assist in providing 

stability (Weisbrode & Doige, 2001). 

 

candidiasis (noun) the development of infection of the oropharynx by Candida sp. 

following immunocompromise (Olsen, 2003). 

 

capilliariasis (noun) infection caused by the Capillaria sp. parasite.  This infection leads 

to stomatitis and granulomas in the mandible in raptors (Cooper, 2002). 

 



  
 

xxv 

caseous (adjective) describes cell death in which a group of cells experiences a 

combination of liquefactory and coagulative death (Robbins & Cotran, 2006). 

 

Chagas disease (noun) a parasitic disease caused by Leishmania sp which leads to 

osteolysis in the facial region (Ortner, 2005). 

 

chronic (adjective) Non-resolving and longterm, typically used to refer to inflammation 

(Anderson et al., 2002). 

 

comminuted fracture (noun) a fracture in which the bone is shattered and does not realign 

and knit properly (Weisbrode & Doige, 2001). 

 

decompression syndrome (noun) the formation of nitrogen gas bubbles within the 

vasculature and joints leading to inadequate perfusion and cell death which causes cavity 

development within the bone and increased porosity (Ortner, 2005). 

 

dermatitis (noun) an “inflammation of the skin” (Blood & Studdert, 2002). 

 

dermatomycosis (noun) a fungal skin infection (Huchzermeyer, 2003). 

 

discospondylitis (noun) inflammation of the intervertebral disk resulting from bacterial 

infection and leading to bony proliferative response of surrounding articular surfaces 

(Weisbrode & Doige, 2001). 
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edentulousness (adjective) Lacking erupted teeth due to closure of the alveoli and 

retention of the growing teeth (Erickson, 1996). 

 

enamel hypoplasia (noun) inadequate formation of enamel leading to growth cessation 

lines similar to seasonal variations (Ortner, 2005). 

 

etiology (noun) “the cause of a disease” (Anderson et al., 2002). 

 

exostosis (noun) a proliferative response at the bone surface (Weisbrode & Doige, 2001). 

 

exudate (noun) a filtrate from the blood stream accumulated as the result of increased 

localized pressure during inflammation  (Robbins & Cotran, 2006). 

 

fibrin (noun) “an insoluble protein that is essential to clotting” (Blood & Studdert, 2002). 

 

fibriscess (noun) the accumulation of a fibrous, caseous necrotic mass in a walled off 

compartment due to infection by a range of pathogens in archosaurs (Huchzermeyer, 

2003). 

 

fibrosarcoma (noun) a malignant tumor of the fibrous connective tissue (Janert, 1988). 

 

fibrous osteodystrophy (noun) dysfunction of bone structural integrity due to an excess 

accumulation of fibrous connective tissue during metabolic compromise (Mader, 2006). 
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gingivitis (noun) inflammation of the gingival caused by a variety of diseases including 

hypovitaminosis C (Mehler et al., 2003) and bacterial buildup between the teeth 

(Huchzermeyer, 2003). 

 

gout (noun) the aggregation of urate crystals in the joints and viscera  (Mader, 2006). 

 

granuloma (noun) a chronic inflammatory mass resulting in archosaurs from the 

collection of dead heterophils at an abscess site (Montali, 1988). 

 

heterophil (noun) an archosaurian non-oxidative leukocyte involved in non-specific 

immune response (Tizard, 1987) 

 

hyperparathyroidism (noun) the excess production of parathormone leading to depletion 

of bone calcium content (Weisbrode & Doige, 2001). 

 

hypertrophy (noun) an increase in cell size but not in cell number (Robbins & Cotran, 

2006). 

 

hypocalcemia (noun) the systemic depletion or absence of calcium resulting from 

nutritional and/or metabolic factors (Lannert, 1982). 

 

hypovitaminosis (noun) a nutritional disease connected to the deficiency of a vitamin in 

the body (Mader, 2006). 
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immunoglobulin (noun) an antibody of the specific immune system of which there are 

numerous types designated by letters according to classes (Madigan et al., 2003). 

 

infarction (noun) disruption of blood flow to an area (Robbins & Cotran, 2006). 

 

infection (noun) “invasion and multiplication of microorganisms in body tissues” (Blood 

& Studdert, 2002). 

 

inflammation (noun) a macrophage mediated response to cellular injury which differs 

according to the branches of vertebrate phylogeny (Montali, 1988). 

 

leprosy (noun) a treponemal disease caused by T. leprae typically acquired by the 

immunosuppressed which leads to decreased bone density and necrosis followed by 

sloughing of distal appendages (Ortner, 2005). 

 

lesion (noun) “any pathological or traumatic discontinuity of tissue or loss of function of 

a part” (Blood & Studdert, 2002). 

 

leukocyte (noun) white blood cell.  In mammals these are the eosinophils, neutrophils, 

monocytes and basophils.  In archosaurs, the heterophil is present instead of the 

neutrophil (Tizard, 1987). 

 

lipoma (noun) a benign mass of adipose tissue (Youngprapakorn, 1994). 
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lysed (verb, past tense) eroded (Anderson et al., 2002). 

 

maceration (noun) the use of acid treatment to remove layers of tissue (Blood & Studdert, 

2002), also used to refer to the removal of flesh from bone via chemical processes. 

 

necrosis (noun) the death of cells which takes either a liquifactive mode in which cell 

membranes are destroyed and the organelles disintegrate, a coagulative mode in which 

the cell membrane remains intact but the cell contents disintegrate in situ, and a caseous 

mode in which the two are combined (Robbins & Cotran, 2005). 

 

necropsy (noun) the veterinary version of the post-mortem (Blood & Studdert, 2002). 

 

nutrient foramina (noun) a canal into the bone through which a blood vessel travels 

(Banks, 1993). 

 

oral mucosa (noun) the epithelium of the oropharynx (Banks, 1993). 

 

osteoarthritis (noun) inflammation of the articular surfaces leading to cartilage 

destruction, joint wear and proliferative response (Baker & Brothwell, 1981).  

 

osteochondroma (noun) a benign bone tumor arising from cartilaginous emboli (Ortner, 

2005). 
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osteoma (noun) a benign bone growth of periosteal derivation (Saif, 2003). 

 

osteomalacia (noun) the juvenile form of qualitative osteopenia (Banks, 1993), namely a 

dysfunction of mineralization of the bone due to nutritional and/or metabolic factors 

(Huchzermeyer, 2003). 

 

osteomyelitis (noun) inflammation of the bone interior leading to swelling of the bone 

and erosion (Weisbrode & Doige, 2001). 

 

osteopenia (noun) the inadequate development of bone either due to a reduction of bone 

density or mineral content (Banks, 1993). 

 

osteopetrosis (noun)  the overproduction of bone due to unchecked osteoblastic bone 

deposition (Baker & Brothwell, 1981). 

 

osteosarcoma (noun) a malignant bone growth arising either from the endosteum or 

periosteum (Mader, 2006). 

 

papilloma (noun) a benign growth resulting from infection by the herpes virus.  The 

effects from this neoplasm in turtles are quite damaging to the head (Mehler et al., 2003). 

 

parosteal (adjective) associated with the exterior periosteal layer (Blood & Studdert, 

2002). 
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pathogen (noun) a disease causing organism such as a fungus, virus, bacterium or parasite 

(Anderson et al., 2002). 

 

pathognomonic (adjective) a singularly diagnostic aspect of pathology in a case which 

identifies the disease (Blood & Studdert, 2002). 

 

peri-mortal (adjective) at or just before the time of death.  Used in the context of diseases 

such as trauma which show no indication of healing and/or remodeling. 

 

periosteal reaction (noun) the inflammation of the periosteum following disturbance of 

the layer (Weisbrode & Doige, 2001). 

 

phagocytosis (noun) the cellular process of engulfing foreign bodies (Robbins & Cotran, 

2005). 

 

pneumonia (noun) infection of the lower respiratory tract accompanied by respiratory 

compromise (Robbins & Cotran, 2005). 

 

plaque (noun) a virally-induced erosional feature (Blood & Studdert, 2002). 

 

polyp (noun) “any growth or mass protruding from a mucus membrane” (Blood & 

Studdert, 2002). 
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prognathism (noun) congenital elongation of the upper or lower jaws (Mehler et al., 

2003). 

 

proliferative (adjective) relating to cellular hyperplasia (Blood & Studdert, 2002). 

 

pseudomoniasis (noun)  infection by Pseudomonas sp. bacteria, which is typically part of 

the normal oral flora of archosaurs (Mader, 2006). 

 

purulent (adjective) “producing pus” (Andersen et al., 2002). 

 

rhinitis (noun) inflammation of the nasal sinuses. Extension of the inflammation into the 

oropharynx is termed rhinopharyngitis (Youngprapakorn, 1994). 

 

scoliosis (noun) the progressive lateral displacement of the spine during growth in 

humans (Anderson et al., 2002). 

 

sequela (noun) the disease which develops after an initial disease in association with its 

effects (Blood & Studdert, 2002). 

 

somitomere (noun) anterior developmental blocks in the embryo which lead to the 

formation of the head (Kardong, 2002) 
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spondylarthropathy (noun) fusion of the vertebrae due to a variety of joint diseases that 

affect the interarticular space (Weisbrode & Doige, 2001). 

 

stomatitis (noun) inflammation of the oropharynx (Mehler et al., 2003). Within the 

context of this dissertation stomatitis refers to inflammatory disease of the oropharynx 

caused by a microbial rather than a traumatic or autoimmune origin. The influence of 

stomatitis on bone is result of the secondary effects of the development of granulomatous 

lesions. 

 

stress fracture (noun) the fracture of bone due to cyclic low stress loading of the bone 

(McGowan, 1999). 

 

suppurative (adjective) “pus-forming” (Andersen et al., 2002). 

 

syphilis (noun) a sexually transmitted disease of uncertain geographic origin caused by a 

treponemal spirochete that leads to several progressive stages with profound effects on 

the skeleton, particularly the skull (Ortner, 2005). 

 

systemic  (noun) spread throughout the body; lacking a single focus (Blood & Studdert, 

2002). 

 

tendon avulsion (noun) traumatic removal of the aponeurosis from the bone surface 

(Weisbrode & Doige, 2001). 
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treponemal disease (noun) one of four diseases caused by treponemal spirochete bacteria 

including syphilis, yaws, leprosy and bejel (Ortner, 2005). 

 

trichomoniasis (noun) parasitic infection caused by the Trichomonas sp. parasite, 

typically acquired through interaction with prey vectors (Heidenreich, 1995). 

 

tuberculosis (noun) infection by a species of Mycobacterium.  Often the disease affects 

the respiratory tract, but joint spaces, and areas of slowed circulation are also affected 

(Robbins & Cotran, 2005). 

 

ulcerative (adjective) relating to a localized erosive inflammatory process with associated 

cell death (Blood & Studdert, 2002). 



  
 

xxxv 

ABSTRACT 
 
 As a reaction to comparative paleopathology, which homologizes human and 
dinosaur disease, this project proposed that a broad-scale survey of oral pathology in 
archosaurs would reveal unique relationships in disease.  The approach that was created 
to pursue this study was termed zoological paleopathology. The justification of this 
approach lies in the differences between the immune and  inflammatory response in 
mammals and archosaurs.  This response governs disease progression within the body 
and the morphology of many lesions.   
 2,443 skulls and heads were examined for abnormalities from specimens 
representing four major groups of archosaurs; the crocodiles, pterosaurs, dinosaurs and 
birds,.  Skulls of iguanids, monotremes and marsupials provided outgroup comparisons 
for the study.  Lesions were analyzed, photographed and interpreted for 123 total cases.  
The majority of cases related to either traumatic or inflammatory diseases.  The disease 
patterns within the study were compared using cladograms and addition reports from the 
veterinary literature.      
 When the patterns in disease were compared between archosaurs and the 
outgroups, the influence of anatomy, behavior and immunology, or phylogenetic 
constraint, was evident in the disease categories of trauma, inflammatory diseases, 
congenital/developmental diseases, neoplasia and certain unknown diseases.  In fact, 
77.7% of the diseases could only be explained adequately with reference to archosaur 
pathology.  The comparative paleopathology approach was able to explain fracture and 
metabolic bone diseases through cross-vertebrate comparison, but was only relevant for a 
fraction of the cases.  The results demonstrate a clear division of work between the 
phylogenetic comparisons of zoological paleopathology and the general comparisons of 
comparative paleopathology. 
 In addition to establishing the domain of a new discipline, this project also delved 
into the nature of dinosaur immunity and contributed methods for the naming of 
unknown diseases in the fossil record.  The dinosaur immune system was inferred to be 
homologous with that of crocodiles and birds on the basis of similar inflammatory 
diseases resulting from immune response.  The construction of phylogenetic comparisons 
in ancient disease research, the elucidation of disease development and progression, and 
the exploration of undiscovered diseases in the fossil record will provide new fronts in 
the expanding field of paleopathology.  
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CHAPTER 1 

ZOOLOGICAL PALEOPATHOLOGY  

Introduction 

 
 In 2002, I began working on mandibular pathology in Tyrannosaurus rex and 

other tyrannosaurids because of a relatively large collection of affected individuals at the 

Museum of the Rockies.  I was inspired to pursue this research by the description of 

mandibular pathology in a Tyrannosaurus rex specimen at the Field Museum in Chicago 

(Rega, 2001) and insinuations of more specimens elsewhere (Carr pers. comm.. 2002).  

The personal result of this research was a growing dissatisfaction with methods used to 

diagnose diseases in tyrannosaurs and their clade the Archosauria.  The current research 

approach at the time involved the application of singular human and domestic animal 

disease diagnoses to dinosaurs (e.g. Rothschild; 1988; Sullivan et al., 2000; Rothschild & 

Tanke, 2003).  One particular example of the difficulties encountered in assessing this 

research comes from a study of tumor epidemiology in dinosaurs (Rothschild & Tanke, 

2003).  In this work the authors diagnosed three tumors as occurring in dinosaur bones 

viewed in the study based on comparison to human pathology; desmoplastic fibroma, 

hemangioma, and osteoblastoma.  When compared to veterinary studies of ten thousand 

wild Australian birds with tumors (Reece, 1992), and an extensive study of tumors in 

domestic fowl (Campbell, 1969), desmoplastic fibroma and hemangioma occurred in 

birds, but not within the bone.  The third tumor, osteoblastoma, has never been reported 

in animals (Blood & Studdert, 2003).  None of these tumors has ever been reported in 

crocodilians (Mader, 2006).  Therefore, if the extant phylogenetic bracket of dinosaurs is 
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taken into account, these tumors cannot be found in any related extant relative.  I found 

these types of results difficult to reconcile.  

  I worked with Rega and Hanna (2003) to address this problem through the 

utilization of differential diagnoses and neutral descriptive terminology, but this approach 

did not resolve the phylogenetic issue.  In 2004, I expanded the project in order to 

investigate the legitimacy of a phylogenetic bracketing (Witmer, 1995) approach to 

archosaur paleopathology.  This dissertation evaluates the differences between this new 

approach, and what I term comparative paleopathology.  I hypothesize that a broad scale 

survey of archosaurian pathology with reference to the veterinary literature on crocodiles 

and avians will reveal common diseases unique to Archosauria which cannot be 

explained by hominid and other mammalian pathology.  I further submit that structural 

and immunological differences between archosaurs and other groups prohibit 

phylogenetically transgressive disease comparison.         

The execution of this work was designed to thoroughly assess the plausibility of 

this hypothesis.  Four goals for this research were developed to provide the framework of 

this investigation: 

1. Develop and test an alternative methodology and philosophy to 

comparative paleopathology based on phylogenetic bracketing (Witmer, 

1995). 

2. Develop a thorough knowledge of archosaur oral pathology through 

literature survey and specimen-based research. 

3. Examine the difference between archosaur and mammalian oral 

pathology. 
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4. Understand the effectiveness of the current comparative paleopathology 

approach to understanding archosaur oral pathology. 

These goals are addressed in this work through the review of current disciplinary 

approaches in paleopathology, the proposal of a new approach, the subsequent 

application of this approach to a survey of modern and ancient archosaurian oral 

pathology, and the analysis of the effectiveness of this study.    

The initial argument for a new way of studying diseases in the fossil record 

emerges from the review of other disciplines in paleopathology and their methodological 

approaches. 

Approaches to the Study of Ancient Diseases 

 
 Many factors obscure the ability to discover traces of ancient disease, including 

weathering of the bone (Behrensmeyer, 1978), transport and abrasion of elements 

(Allison & Briggs, 1991), trampling and pit wear of buried specimens (Fiorillo, 1988), 

the constant winnowing of specimens (Signor & Lipps, 1983) and the narrow range of 

diseases that cause changes in the bone (Weisbrode & Doige, 2000).  In addition, only 

sub-acute and chronically diseased animals give any indication of their diseases (Wood et 

al., 1992), for unlike many organ systems, bone has a slower rate of abnormality 

development.  Yet even with these obstacles abnormal specimens do survive. The 

published record of ancient diseases is biased not only by taphonomy and gross disease 

manifestation, but also by the paleopathology discipline from which diagnoses are drawn.   

Many paleopathology approaches exist for studying ancient animal disease, but none 

specifically takes into account phylogeny.  This dissertation proposes a new approach 
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called zoological paleopathology which would fill this diagnostic gap.  Before discussing 

the disciplinary significance of zoological paleopathology it is important to first 

understand the scientific domain of other paleopathology disciplines. 

The Disciplines of Paleopathology 
 

Human Paleopathology  Humans are often found entombed with items from their  

daily life including harvested crops, tools, weapons, idols, and clothing.  They may also 

have bony abnormalities resulting from armed combat, mutilation, venereal diseases or 

surgery (Ortner, 2005).  Agriculture, city life, trades, legal systems, religion, and 

medicine are uniquely human and all of these can affect the health of an individual.  The 

occurrence of disease in human remains cannot be analyzed without consideration of 

societal influences on human health.  

Although scientists like Virchow (Waldron, 1994) and Owen (Owen, 1874) make 

early mention of animal diseases in the fossil record, the first major work in 

paleopathology was done on the pathology of mummified high priests from Eygptian 

tombs (Ruffer, 1921).  This study gave birth to human paleopathology (Table 1.1) which 

 
Table 1.1 A brief summary of the disciplinary attributes of human paleopathology. 

 
Time Range c. 6-7mya (from fossil hominids to present day) 
Implicit Assumptions 
  1. Modern human pathology provides a complete reference for diagnosis. 
  2. The historical record can provide inferences for epidemiology and behavior. 
  3. All disease processes are uniformitarian. 
Applications 
 

Research on all hominid remains, including soft tissue and bone. 

Methods 
 

Gross examination,  histopathology, radiography, CT, SEM, MRI 
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was the first of the disciplines in paleopathology.  Interestingly, Ruffer’s article 

investigated soft tissue pathology, rather than bone pathology.  The diseases mentioned 

included urinary stones, pneumococcal pneumonia and atherosclerosis, which are 

ascribed to deficient diet, overcrowding and poor exercise (Kumar et al., 2006).  These 

diseases are closely related to the societal status of high priests, since they would have 

had access to a rich red meat diet and had close contact with worshippers who might have 

carried pneumonia from their cramped dwellings to a temple. 

Pre-modern archeological research is dominated by ethnological studies of human 

remains from different societies.  In his later years, Roy Moodie published studies on pre-

Columbian Peruvians derived from the excavations conducted by the San Diego museum 

under Alex Hřdlicka.  Two sizeable articles, one on head injuries (Moodie, 1927) and the 

other on cranial tumors (Moodie, 1926) of pre-Columbian Peruvians strongly influenced 

the research approach of populational paleopathology later in the century.  The paper on 

skull injuries reflects a fascination on the part of the author in regards to damage to the 

skull due to club, slingshot and sharp blade trauma, and its distribution in both sexes.  In 

one of his 1926 papers, Moodie made use of pictures and cranial radiographs to 

demonstrate the relationships between contemporary and ancient tumors of the skull.  

More recent examples of pre-Modern societal studies include findings of gall stones, 

Chagas disease, and a genetic ear condition in pre-Columbian Chileans (Castro et al., 

1997), and evidence of nutritional diseases due to a maize-based diet, and tuberculosis 

and syphilis resulting from over-crowding in a Zuni pueblo village (Lahr & Bowman, 

1992).  Studies like these can provide proxies for societal behavior of cultures that are not 

well understood. 
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 Insights into pathology during the historical period are assisted by recorded 

information.  The most valuable investigations during this time come from cemeteries 

and family crypts because there is often a record of identity and lifespan which can be 

connected to period writings for the individual.  The cellist Boccherini’s skeleton was 

recently exhumed, and found to have extreme scoliosis which corroborated historical 

observations of frequent musical sessions in which his body was contorted in an extreme 

posture (Ciranni & Fornaciari, 2003).  The reportedly frequent horseback riding and 

access to rich foods of the Baron de Medici were recently demonstrated to be true by the 

discovery of robust muscle attachments in the femurs and gout in the feet of his exhumed 

skeleton, found during tomb excavations in Italy (Fornaciari, 2005).  Several French 

soldiers from a mass grave in Zurich show identical cranial gunshot trauma which 

concurs with observations of wounded soldier executions by Russian troops during the 

Second Battle of Zurich in 1799 (Meyer, 2003).  When historical records and observation 

are combined with human paleopathology research, the influence of society on health, 

whether it is occupational, class or conflict related becomes clear. 

  Even in cases where the health of individuals was not described in the historical 

record, the knowledge of their occupational status greatly aids interpretation.  The Mary 

Rose, the flagship of Henry the VIII’s navy, sunk in 1545 with all hands aboard (Stirland 

& Waldron, 1997).  The consolidated remains from the wreck were compared to seperate 

burials in a medieval period graveyard in Norwich.  The results showed that the crew was 

aged primarily below thirty (due to skeletal immaturity), yet suffered from diseases of old  
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age such as arthritis and vertebral fusion (Stirland & Waldron, 1997).  This was 

interpreted as being a direct result of the mechanical constraints of shipboard living (e.g. 

like constant stooping below decks and lifting heavy weights). 

 Individual sites provide information, but the overall trends in pathology show that 

societal causes of disease are more prevalent.  Rogers and Waldron (1989) described the 

four major infectious skeletal pathology etiologies in human remains as osteomyelitis, 

tuberculosis, leprosy and syphilis/treponemal diseases.  Osteomyelitis can result from 

complications of trauma in an unsanitary environment.  Tuberculosis is a bone and lung 

disease which spread rapidly in overcrowded areas with poor sanitation.  Leprosy is 

spread in immunocompromised individuals in overcrowded tropical to temperate regions.  

Syphilis is a venereal disease which was spread by cultural interaction around the globe 

(Ortner, 2005).  Most abnormalities found in human skeletons can be tied to one of these 

diseases (Rogers and Waldron, 1989) and all are the result of human societal interaction. 

 Human paleopathology differs from paleopathology of fossil vertebrates due to 

the pervasive influence of society on its conclusions.  Society created a broad gap 

between the common diseases of humans and wild animals due to various causes 

including social position, occupation, city dwelling, and cross cultural interactions such 

as warfare and trade.  The majority of work in the field focuses on these effects as they 

are manifested in archeological and historical era remains.  Because of this, the 

circumstances of human diseases should be considered largely exclusive to the species. 

Biomolecular Paleopathology  Biomolecular paleopathology (Table 1.2) is a 

relatively recent discipline based on the amplification of microbial DNA fragments from 
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human and other animal remains.  The process is limited by the durability of DNA during 

burial and diagenesis (Yang et al., 1994).  The extent of DNA preservation is around 

500,000 years (Lindahl, 1993) despite previous suggestions of bacterial DNA in the 

abdomen of an Eocene hymenopterid (Cano et al., 1994) and Tyrannosaurus rex 

(Schweitzer, 1997).  Medieval period human specimens have differential survival ratios 

for DNA based on the morphology of the microbes involved.  This allows genetic 

information from a limited range of microbial taxa to be recovered (Bouwman & Brown, 

2005).    Because of these limitations, biomolecular paleopathology has little utility for 

ancient disease studies.  

 
Table 1.2. Summary of the disciplinary attributes of biomolecular paleopathology. 

 
Time Range c. 500,000 years (upward limit of DNA preservation) 
Implicit Assumptions 
  1. The DNA recovered is ancient and comparable to modern pathogens. 
  2. DNA can be amplified for study using polymerase chain reaction. 
Applications Pathogens from animal remains, including soft tissue and 

bone. 
Polymerase Chain Reaction Methods 
Electrophoresis 

 

 Tuberculosis has been the subject of several studies because of prevalent skeletal 

symptoms (Mays & Taylor, 2002) and DNA preservation.  Even though studies differ as 

to methodology, the common approach to studying ancient tuberculosis involves 

sampling bone directly from tuberculous lesions or periosteal reaction on bony regions 

that tend to develop significant abnormalities due to mycobacterial infection (Bouwman 

& Brown, 2005, Bathurst & Barta, 2004, Mays & Taylor, 2002).  Work has been 

conducted relating to DNA and biomolecules drawn from appendicular and rib growths 
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in human remains from two villages in medieval England (Mays & Taylor, 2002), 

vertebral erosions in a pre-Columbian human population (Braun et al., 1998), 

appendicular lesions in Iroquois dogs (Bathurst & Barta, 2004), and medieval human ribs 

with Pott’s disease (Gernaey, et al., 2001).  One potentially diagnostic abnormality for 

tuberculosis which was frequently sampled is hypertrophic osteoarthropathy, which is an 

extremely florid proliferative overgrowth of bone (Bathurst & Barta 2004).  The focus of 

this research was on developing the methodology to isolate mycobacterial DNA in 

affected individuals, potentially as a test case for studying other diseases. This recovery 

and identification based approach is appropriate in considering the difficulty encountered 

by the researchers who tried to isolate treponemal DNA (Bouwman & Brown, 2005).   

 Because these studies involve the ability to find tuberculosis DNA rather than 

accurate diagnosis, they have limited utility for paleopathology at this time. Biomolecular 

paleopathology is strongly inhibited by taphonomy and may take considerable effort to 

become a useful tool for paleopathology.  Therefore, this field does not currently provide 

helpful tools for analyzing fossil material.  Additionally, rapid microbial evolution may 

make identification of exceptionally preserved pathogens exceedingly difficult or 

impossible.   

Animal Paleopathology  Animal paleopathology (Table 1.3) (sensu Chaplin, 

1971; Harcourt, 1971; Baker & Brothwell, 1980) encompasses the study of abnormalities 

in Pleistocene to sub-recent animal remains in relation to human interaction and recent 

environmental conditions.  It is a discipline within archaeology, and thus diagnoses given 

by researchers combine abnormality data from exhumed bones with data concerning the 
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condition of human habitation and land use.  The focus of animal paleopathology is often 

not on the final diagnoses, but on the implications of these diagnoses to human behavior 

(Teegen, 2002), technology (Baxter, 2002), and animal husbandry (Udrescu & van Neer, 

2002). 

Animal paleopathologists have made great strides in understanding the influence 

of human ownership on animal health and welfare in the last several decades.  The 

employment of cattle as draft animals represented a major technological advance in 

human society, therefore, much time and energy has been focused on pinpointing the  

            
Table 1.3. A summary of the disciplinary attributes of animal paleopathology. 
 

Time Range From first human influence on animals to present 
Implicit Assumptions 
  1. Diseases of domestic animals often result from poor animal husbandry 
  2. Domestic animals have a typical suite of abnormalities 
  3. Ancient agrarian equipment produced similar abnormalities to those used 
today. 
Applications Identifying abnormalities of pre- and post-

domestication species. 
Methods Similar to human paleopathology 

 

transition in various societies from subsistence farming to a large-scale agricultural 

economy (de Cupere et al., 2000).  Prior to the advent of paleopathology research, 

evidence for the exploitation of cattle was based upon archaeological and historical finds, 

either in writings, images, or plowing artifacts found at sites (Johanssen, 2002, Telldahl, 

2002).  Paleopathological analysis of neolithic to medieval period remains provided an 

important means of filling in an incomplete historical record (Telldahl, 2002).     Because 

plowing produces stress on different parts of the body, not all of which are preserved at 
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slaughter (Johanssen, 2002), it is difficult to choose an element on which to place 

research focus.  Deformation is known to occur at the spine (Fabis, 2002), the pelvis 

(Groot, 2002), phalanges (Johanssen, 2002; de Cupere et al., 2000) and the skull and neck 

below the yoke (Brothwell et al., 1996), 

The presence of these types of abnormalities in ancient cattle has not always been 

conclusive.  Occipital perforations in cattle were previously described as evidence of 

draft exploitation, but recent studies (Manaseryan et al., 1999; Baxter, 2002) have 

discovered similar lesions in aurochs (ancestral cattle) and concluded that they are 

congenital in nature.  Osteoarthritis of the hip joint can be caused by plowing, but is also 

frequently present in old age (Baker & Brothwell, 1980; Weisbrode & Doige, 2000; 

Groot, 2002).  Groot (2002) compared the occurrence of osteoarthritis of the hip to the 

occurrence of phalanx abnormalities in other species engaged in plowing, and 

abnormalities in modern draft cattle.  This holistic and comparative approach thoroughly 

examined the diagnostic ambiguity of pelvic abnormalities.  Another article delved into 

the connection of spinal pathology to plowing by linking asymmetry of thoracic 

transverse processes to applied directional forces in a team of oxen which were buried 

together by the Baden culture of southwestern Slovakia (c. 4,000 BC) (Fabis , 2002). 

Deformation of the bones in cattle feet is primarily evident as “exostoses, lipping, 

and depressions/lesions”(Telldahl, 2002).  Exostosis is caused by persistent stress, lipping 

is “an expansion of the articular surface” caused by hypertrophy, and depressions and 

lesions were due to localized erosion during the remodeling of the bone.  Several 

different methods were developed to cope with quantifying the presence of draft use on 

the basis of altered phalanges.  Initially, the remains of aurochs from strata contemporary 
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to human settlements but lacking in human influence, were examined for alterations to 

the phalanges (Johanssen, 2002).  The same types of abnormalities were present in wild 

cattle as in draft animals, but on a less common basis and typically in older individuals.  

The study concluded that it would be difficult to assess the use of draft animals in a 

society where plowing was an infrequent occurrence (Johanssen, 2002).  Overall, the 

statistic quantification of phalangeal deformation appears have best addressed the 

analysis of draft exploitation in cattle.  

 Animal paleopathology has made a strong contribution to the understanding of 

diseases in animals that lived in the areas surrounding or within human habitation (sensu 

Baker & Brothwell, 1980).  The data collected and the methods employed continue to be 

incredibly useful for understanding changes in animal welfare and the behavior of 

humans towards animals throughout our brief history.  Since its focus lies within the 

human realm, the application of animal paleopathology does not encompass the 

Pleistocene and modern history of wild animals outside of human influence, or the pre-

Pleistocene disease history of vertebrates.   

Comparative Paleopathology   The term comparative paleopathology is used here 

to refer to the application of human or domestic animal pathology diagnoses to all fossil 

vertebrate taxa including those outside of the mammalian phylogenetic bracket (Table 

1.4).  This approach is referred to in current paleontological literature as 

“paleopathology” and is the reigning methodology in paleopathology research from the 

late twentieth and early twenty-first century.  The main focus of comparative 

paleopathology has historically been pathology of the joint (e.g. Rothschild & Berman, 
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1991), primarily of those conditions concerning vertebrae (Rothschild & Martin, 1993).  

This priority is reflected in the most current text on paleopathology, Paleopathology: 

Disease in the Fossil Record (Rothschild & Martin, 1993).  Certain types of joint 

pathology, like osteoarthritis, are fairly conservative across tetrapod phylogeny, and 

although anatomy differs, often the disease manifestations are similar between major 

groups (Ortner, 2005; Baker & Brothwell, 1980; Mader, 2006).  

 
Table 1.4. A brief summary of comparative paleopathology’s disciplinary attributes. 

 
Time Range Early Mesozoic to Late Pleistocene 
Implicit Assumptions 
  1. The extensive human pathology record is the most accurate pathology source. 
  2. Diseases of bone are non-specific and can be compared across all phylogeny. 
  3. Diseases are static in character, and do not change significantly. 
Applications Abnormalities in all tetrapod taxa. 
Methods Similar to human paleopathology 

 
An illustrative example of comparative pathology research is a survey conducted 

of vertebral conditions in perissodactyls (Rothschild et al., 2001).  Of the hundreds of 

individuals examined, numerous vertebrae showed diagnosed symptoms of 

spondylarthropathy (vertebral overgrowth and fusion), which the authors suggested might 

be a functional adaptation (Rothschild et al., 2001), rather than an issue of senescence.  

Additionally, a study of Paleocene mammals (Rothschild et al., 1998) found 

spondylarthropathy in the Pantodonta, Dinocerata, and Perissodactyla.  This work also 

hypothesized that the disease might be some form of adaptation for strengthening the 

vertebral column.  Additionally, this theory was used to explain spondylarthropathy as 

diagnosed in dinosaurs (Rothschild & Martin, 1999).   
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On the subject of other orthopedic diseases, several papers have been written on 

the subject of fractures with similar methods.  A reported ornithomimid impact fracture 

showed evidence of foreshortening and malalignment with subsequent healing (Sullivan 

et al., 2000).  The radiographs in this case showed detail of a callus at the fracture site, 

and cited sources include reference to impaction fracture in human hands (Wolfe et al., 

1995).  Another paper reported a stress fracture in a ceratopsian phalanx with reference to 

the common injuries of greyhounds, racing horses, and ballerinas (Rothschild, 1988).  All 

of these groups place abnormal stresses upon the phalanges.  This article states that: 

“Metatarsal stress fractures in man are probably analogous to the ceratopsian lesion.  

Their etiology in man typically relates to marching, heavy lifting or prolonged standing” 

(Rothschild, 1988). The paper subsequently asserts that this feature arose from fight or 

flight behavior.  Another article on of stress fractures and tendon avulsions in theropods 

(Rothschild et al., 2001) revealed a number of abnormalities which compared well with 

human orthopedic pathology.   

Other diseases which are not strictly orthopedic have been the focus of 

comparative paleopathology as well.  Decompression syndrome (Caisson disease, 

avascular necrosis or ‘the bends’) in certain reptiles has been the subject of several 

comparative paleopathology articles (Rothschild, 1987, 1991; Rothschild & Storrs, 2003; 

Motani et al., 1999).  Avascular necrosis, as described in human paleopathology (Ortner, 

2005) is an inadequacy of blood perfusion to the femoral head.  One paper on the 

condition in marine turtles took a included works on other turtles and birds, as well as 

cited human reports on decompression syndrome (Rothschild, 1987). A later paper on the 

same subject involved a highly detailed investigation of circulation in turtles in relation to 
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avascular necrosis, as well as an examination of turtle specimens with the disease 

(Rothschild, 1991).   In a later article avascular necrosis was diagnosed in plesiosaurs as 

decompression syndrome (Rothschild & Storrs, 2003).  Incidences were noted in several 

plesiosaur taxa.   

Several comparative paleopathology papers on the subject of ancient tumors have 

been written using the comparative paleopathology approach.  For example, in analyzing 

a Mesozoic dinosaur tumor one article reads; “Hemangiomas are benign tumors of blood 

vessels found in isolated vertebrae of 6-12% of people”(Rothschild & Tanke, 2003).  

Four other papers using this approach have looked respectively at the topic of a suspected 

tumor in the centra of a dinosaur vertebrae (Rothschild et al., 1998), a diagnosis of 

metastatic cancer in an allosaur (Rothschild et al. 1999), a broad survey of tumors in 

dinosaur vertebrae incorporating thousands of dinosaurs (Rothschild et al., 2003) and 

osteochondroma in Hesperocyon, an Oligocene canid (Wang & Rothschild, 1992).  These 

papers reference either human health statistics, human pathology descriptions, or small 

animal veterinary sources.  Through these analyses, very similarly tumors to those 

described in fossil taxa were found in the medical and veterinary literature.  

 Comparative paleopathology often employs review of numerous specimens, but 

the continual reliance on human pathology literature as a diagnostic source for non-

primate pathology prevents this work from realizing the full potential of phylogenetic 

inquiry.  Certain skeletal abnormalities can be identified which have similar 

manifestations in humans and even archosaurs.  However, the relatedness of these 

diseases should be proven through detailed analysis of the diseases in each group.  In the 

field of comparative medicine, animal models are developed not by direct initial 
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comparisons, but through thorough study of pathogenesis in each group and subsequent 

assessment of relationships (sensu Cooper, 1985).  Because of the differences in 

immunology and anatomy, comparative paleopathology should only be able to explain a 

fraction of the diseases present in archosaurs.  Subsequent discussion in later chapters 

will address this problem further. 

Zoological Pathology (Retrospective Studies)  Zoological pathology (sensu 

Fowler & Miller, 2005) (Table 1.5) examines disease in exotic or wildlife species. One 

tool used by veterinary pathologists and epidemiologists working within this field is the 

retrospective study.  These studies consider diseases within a group of recent animals, 

and may occasionally refer to sub-fossil specimens.  Retrospective studies provide the 

fundamental model for large scale disease surveys, and are related to methods employed 

by paleopathologists (Waldron, 1994).   

 
Table 1.5. A brief summary of the disciplinary attributes of zoological pathology. 

 
Time Range Late Neogene to Recent 
Implicit Assumptions 
1. A large known data set is needed to understand the pattern of disease. 
2. The fossil record can provide useful knowledge about disease 
manifestations. 
3. Diseases may indeed have evolved. 
Applications Abnormalities found in all tetrapod taxa. 
Methods Gross Pathology, Histopathology, all modalities. 

 
Two examples of retrospective studies are Colyer’s Variations and Diseases of 

the Teeth of Animals (rev. Miles & Grigson, 1990) and Patterns of Injury and Illness in 

Great Apes (Lovell, 1990).  Colyer’s Variations presents an inclusive survey of oral and 

primarily dental, periodontal and endodontal pathology in different mammalian groups.  
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All etiologies of importance to tooth growth, development, and longevity were examined 

in very fine detail, including such conditions as enamel hypoplasia, abnormalities of 

eruption, hypertrophy and rotation (Lovell, 1990).  The revised edition places a 

phylogenetic emphasis on pathology of both modern and fossil mammals.  This approach 

demonstrates clear trends within and between the groups proving that broad-scale 

pathology patterns exist and that these can be evaluated from museum collections 

material. 

In Patterns of Injury and Illness in Great Apes, Lovell (1990) discusses bone 

pathology in chimpanzees, gorillas, and orangutans collected from Africa in the 20th 

century.  Following a detailed presentation of individual specimen pathology reports, 

patterns in disease presentation were assessed by skeletal location, and related according 

to similar pathology.  The results of the study showed commonalities in disease within 

and between great ape species.  This cross-taxon approach which also used numerous 

individuals, and drew upon museum collections of skeletal specimens, shows again that 

there are extensive patterns in skeletal pathology which can be discovered through large 

surveys.   

Smaller scale retrospective studies generally examine the history of a current 

problem in pathology that has created a significant impact in certain animal populations 

(e.g. mortality of common loons, Sidor et al., 2003).  Retrospective studies can also 

examine past epidemics (e.g. mortality of sea otters, Kreuder et al., 2003), or survey 

pathologic conditions within an historically collected taxonomic group (e.g. in bears, 

Kitchener, 2004). Modern pathologists conducting these studies have the advantage of 

field reports, pre-mortem photographs, necropsy reports, tissue samples and clinical 
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pathology of individuals.  The temporal resolution of studies could theoretically stretch to 

specimens in veterinary pathology collections from the late 19th century, given that at 

least a portion of the evidence mentioned in publications would still be available from 

that period.  This type of research serves as an example of how different types of 

information can be used to advantage in an historical review of diseases, particularly 

when attempting to incorporate data from skins, preserved specimens, skeletons, 

histology, and fossil specimens.  Effective small studies from museum collections have 

been conducted on subjects such as modern crocodilian skeletal pathology (Kälin, 1936), 

osteoarthritis in captive bears (Kitchener, 2004), and the skeletal response of cricket frogs 

to agricultural toxins (McCallum & Trauth, 2003).  Small studies are able to produce case 

descriptions or trends concerning a specific skeletal abnormality, but they cannot address 

patterns in phylogeny. 

The retrospective study in zoological pathology can contribute to the knowledge 

of disease either in a wide or narrow scope.  The success of retrospective studies in 

discovering patterns in disease provides validation for constructing similar research 

designs for ancient animals with the expectation of significant returns.  The strength of 

this research lies in the fact that it deals with diagnosed conditions in modern animals 

with known diseases, and traces the history of diseases within a group. The difficulty 

with using this approach in paleopathology is that the animals involved are often extinct, 

therefore, this field is more germane to zoological species and those wild animals brought 

to a pathology lab. Additionally, these studies usually involve soft-tissue pathology and 

not bone pathology, which remains largely unknown.  The discipline is also constrained 

by the lack of taphonomy and paleontology expertise of its practitioners, therefore the 
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fossil material studied has to be relatively recent.  Organized surveying and observation 

in order to examine a complex problem is the obvious approach to paleopathology that is 

suggested by zoological pathology research. 

Summary  The limitations (Table 1.6) of the five disciplines in paleopathology  
 
demonstrate that there is currently no niche for studying ancient archosaurian diseases.  

Human, animal and comparative paleopathology differ in application, but all share a 

focus on the human sphere, either through human diseases or environment and culture 

relating to humans.  Biomolecular paleopathology does not extend beyond diseases which 

have already been sequenced, and cannot resolve denatured DNA or unknown diseases.  

Zoological pathology is not a paleontological discipline and typically only examines 

specimens for which a diagnosis has been made and does not examine dry bone 

pathology. 

 
Table 1.6. A summary of paleopathology disciplines and their limitations. 

 
Discipline Limitations for archosaur paleopathology research 
Human Paleopathology Focus on human diseases, cultural influence, 

behavior 
Biomolecular Paleopathology Extent of DNA preservation, knowledge of 

pathogens 
Animal Paleopathology Focus on domesticates, agricultural practices 
Comparative Paleopathology Application of primarily human pathology 

diagnoses 
Zoological Pathology Application of knowledge to extant wildlife 

diseases 
 
 A new approach that combines the depth of the retrospective study with disease 

exploration, phylogenetic bracketing (sensu Witmer, 1995) for ancient animal disease 

diagnosis, paleontology and taphonomy is needed.  This approach would provide the 
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ability to make accurate diagnoses in extant and extinct groups without the difficulties 

encountered in using current paleopathology approaches. 

A New Approach in Paleopathology 

Past Assumptions and Current Considerations 
 

As inferred in in the previous section, comparative paleopathologists assume a 

uniformity of diseases throughout vertebrates.  With this assumption, they have linked the 

diseases of humans to those found in dinosaurs and other non-hominid taxa.  Therefore, 

the disease comparisons which comparative paleopathologists make are analogous, 

comparing similar structures in different groups.  The strength of this assumption is based 

upon the fact that bone response is similar throughout vertebrate taxa (Rothschild & 

Martin, 1993; Banks, 1993).  However, developments in comparative immunology 

throughout the last century bring the blanket assumption of uniformity in vertebrate 

osseous diseases into question (Cooper, 1976), as will be discussed in this section. 

On the most basic level the physical manifestation of a disease comes about as the 

result of two critical factors.  First, the operation and interaction of osteoblasts and 

osteoclasts within the bone (Banks, 1993) as noted by comparative paleopathologists, and 

second, the immune response of the body to insult, which is limited to the etiologies (see 

glossary in appendices) which do not involve congenital defects, development  and 

endocrine disorders (some circulatory disorders are also excluded) (Kumar et al., 2006).    

Coincidentally, those etiologies which do involve immune response in some manner are 

the ones most frequently reported from the fossil record (Tanke & Rothschild, 2002). 
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Comparative paleopathology (Rothschild, 2005, pers. comm.) has argued that the 

function of osteoblasts and osteoclasts in vertebrates is limited enough in scope to 

produce a finite set of similar pathological responses that can be broadly compared.  

Although these cells perform the same functions of deposition and erosion, the 

architecture of archosaur bone tissue is substantially different than that of mammals 

(Chinsamy, 2005; Padian et al., 2001; Horner et al., 2001).  This inherent structure is 

governed by physiology and growth rates, and has features such as lines of arrested 

growth and extensive fibrolamellar bone which are not commonalities with mammalian 

bone tissue (Chinsamy, 2005). 

More importantly, the immune response of archosaurs and mammals is inherently 

different (Figure 1.1).  The concept that immune systems differ throughout phylogeny has 

existed since Metchnikoff’s research on phagocytosis in the late 1800’s (Travis, 1993), 

around the same time that paleopathology was gaining in popularity (Waldron, 1994).  

Differential immunology was characterized and promoted by Cooper (1976, 1985) as the 

new field of comparative immunology, and is a continuing area of novel research. 

  The primary or innate immune response in tetrapods consists of a non-specific 

immune response undertaken by leukocytes.  In mammals, the two key cells are the 

macrophages and their recruited neutrophils that travel through vessel walls to the 

macrophage chemokine signaling loci within the tissues (Kumar et al., 2006).  The 

neutrophils then deploy oxidative, non-oxidative and protease granules against the 

pathogen.  Crocodilians and avians, on the other hand, possess a different type of cell 

called the heterophil which does not have any oxidative mechanisms of killing microbes, 

but releases beta-defensins which are widely effective (Terio, 2004).    Although the 
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precise immunological factors in alligator serum have not yet been discovered, it is 

suspected that a powerful link in the microbe destroying complement system may be 

present in crocodilian blood (Merchant et al., 2003).   Even the archosaurian erythrocyte 

 
 

         Figure 1.1. This figure shows the comparative immunological pathways for the   
         inoculation of Salmonella sp. into an animal (Montali, 1988).  Note that although  
         the terminology of these steps is similar, the results are not. 
 

may play a non-specific immune role as a phagocyte (Webb & Manolis, 1998).  Despite 

these positive attributes of the archosaurian immune system, crocodilians are hampered 

by a drop in body temperature during the winter, and often have no non-specific immune 

response during this time (Cooper, 1990, Merchant et al., 2003). 
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Another negative aspect of archosaur immunity is the frequent formation of 

heterophilic granulomas (Terio, 2004).  These differences in immune system mechanics 

mean that the non-specific immune response in archosaurs and mammals lead to unequal 

outcomes.  

The mechanisms of specific immunity also differ between archosaurs and 

mammals (Tizard, 2002). The nature of this immune system branch is uncertain in 

crocodilians (Merchant et al., 2003); however, it is fairly well understood in birds due to 

decades of research on production animals (Sharma, 1991).  Although birds (Sharma, 

1991), and crocodiles (Merchant et al., 2003) have a similar system of B and T 

lymphocytes to mammals, the response to antigens mediated by immunoglobulins in 

birds is not the same (Tizard, 2002).  The fixation of antigen specificity for 

immunoglobulins occurs in the bursa of Fabricius (Tizard, 2002), a lymphoid region 

proximal to the cloaca in birds, during a very short period in juvenile development.  This 

means that adult avians cannot mount an adaptive specific immune response to pathogens 

unrecognized by matured antibodies (Tizard, 2002).    Additionally, the primary avian 

immunoglobulin, IgY, is different than mammalian IgG in that is unable to initiate the 

complement system to neutralize pathogens (Tizard, 2002).  The consequence of early 

immune system fixation and the inability to readily activate the complement system in 

avians is the reliance on non-specific immunity when a novel antigen is encountered.   

Because crocodilians are capable of producing antibodies (Tizard, 2002), 

inferences can be made that their specific immune system may function similarly.   The 

potential for failure in archosaur specific immunity may account for evolution of the 

potent beta-defensins in heterophils mentioned earlier.  This limited immune repetoire 
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might account for the lack of development of certain chronic bone diseases like syphilis 

and leprosy (Ortner, 2005) in archosaurs that are seen in immunologically adaptive 

hominids.  Overall, this difference in specific immune response has the potential to create 

separate disease symptoms for the same pathogen in mammals and archosaurs. 

Another aspect of archosaur disease relates directly to the absence of neutrophils, 

and the nature of inflammation in crocodiles and birds.  Although crocodiles possess 

lymphoid tissue such as the thymus and rudimentary lymph nodes, they do not have 

extensive lymphatic drainage (Webb & Manolis, 1998) via lymphatic ducts as in both 

birds and mammals (Tizard, 1987).  As a result, the accumulation of mobile exudates 

during inflammation (Kumar et al., 2006) would be highly undesirable, as crocodilians 

would be unable to disperse this fluid to the lymphatics.  Therefore, during the 

heterophilic response, fibrin is exuded into the inflammatory site and forms a mass rather 

than a fluid accumulation (Huchzermeyer, 2000).  If this inflammation is the result of a 

self-isolating infection, a large solid mass can form.  Huchzermeyer (2003) has called this 

a fibriscess, but an equally proper term would be a caseous abscess or ‘reptilian’ abscess 

as this is seen in basal ‘reptilians’ and all subsequent groups including avians. (NB: 

Caseous abscesses can occur in mammals as a result of particular diseases such as 

tuberculosis (Kumar et al., 2006) but these abscesses form in the joints and lungs, rather 

than the palate or jaws.  There are no special case exceptions to the mode of abscess 

formation in archosaurs.) 

Other diseases of archosaurs which do not relate directly to immunity are also 

fundamentally different, such as the prevalence and location of neoplastic diseases 

(Mauldin & Done, 2006).  The various types of congenital diseases, which are unlike 
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those in mammals, often result from incubation temperatures and the effects of 

environmental toxins upon the egg (Youngprapakorn, 1994).  The ramification of 

archosaur anatomical and immunological deviations from the mammalian condition is an 

inevitable separation in inflammatory and infectious disease susceptibility, manifestation 

and resolution.   

These differences in immunity provide potential invalidation of a pan-taxonomic 

comparative paleopathology approach.  If the response to disease cannot be completely 

homologized across vertebrate taxa, then a new way of explaining disease relationships is 

needed.  This new approach is discussed in the next section. 

Zoological Paleopathology 
 

Zoological paleopathology refers to the study of diseases in fossil vertebrates with 

direct reference to the extant phylogenetic bracket (Witmer, 1995) and the history of 

zoological pathology research.  The source of data for this new approach comes from 

observation of disease in modern animals and the comparison of these findings to 

diseases in lesser understood extinct relatives.  Zoological paleopathology (Table 7) 

accepts the probability of changes in disease occurrence, and the possibility of novel 

diseases existing in the fossil record which can only be described and differentiated in the 

light of strict phylogenetic disease investigation.  As viewed in the context of other fields, 

differential anatomy and immunity, zoological paleopathology makes the most direct 

comparisons of diseases in fossil animals and is therefore the most conservative.  Despite 

the fact that zoological paleopathology has only recently been named (Wolff & 
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Varricchio, 2005) and defended, a few previously published papers have used methods 

that partially embrace these concepts.    

An early case of zoological paleopathology-type research comes from the 

Transactions of the Royal Society of New Zealand. 

 
Table 1.7. A brief summary of zoological paleopathology disciplinary attributes 

 
Time Range Cambrian to sub-recent 
Implicit Assumptions 
  1. Diseases are more comparable within the extant phylogenetic bracket. 
  2. Diseases are best compared from similar situations) 
  3. Ancient diseases are similar to modern diseases. 
  4. Some diseases in the fossil record may not have been recorded,  
      or may have evolved or become extinct along with the groups they affected.  
Applications All animal remains with an extant phylogenetic bracket 

(EPB) (Witmer, 1995), including soft tissue and bone. 
Methods Gross examination, histopathology, radiography, CT, 

SEM 
 

A moa was excavated with a large perforative infectious lesion of the 

tarsometatarus, and due to its clear status as an extinct modern ratite, the authors 

conducted a search of ratite pathology (Anderson & Sorenson, 1944).  

“Dr. L. Goss, veterinarian at the institution [New York Zoological Society], had 

been carefully through the records of his department, but could find nothing 

describing a pathological condition and could recall nothing of the sort from his 

own experience.  Mr. Crandall had certainly seen birds of the group with bone 

enlargements suggestive of healed lesions…” (Anderson & Sorenson, 1944) 

A specimen was finally located at the American Museum of Natural History in New 

York, “after going over their collections of ostriches and their allies, he found one 
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specimen of a male cassowary of undetermined species which showed decided 

pathological lesions at the upper ends of both tarsi and extending well down in front” 

(Anderson & Sorenson, 1944). 

 Several recent examples exist of similar research.  A study concerning split 

carinae of the teeth of tyrannosaurids incorporated published data from alligators and 

reports of mammalian dental development (Erickson, 1995).  Although Erickson’s 

conclusions were ultimately drawn from human populational variation, a broad variety of 

archosaur taxa were surveyed for anomalous conditions.  Recent work on histopathology 

of trauma in the sails of dimetrodon utilizes zoological pathology research in 

development of differential diagnoses (Rega et al., 2004, 2005; Sumida et al., 2005).  In 

an evaluation of the holotype of the Pleistocene crocodile Toyotamaphimeia 

machikanensis, Katsura (2004) relied heavily on modern crocodile and alligator 

pathology literature for differential diagnosis of pathological conditions.  As a result of 

thorough description, Katsura’s analysis of this crocodile represents one of the only 

paleopathology papers to rely solely on a phylogenetic framework.  The paper connects a 

partial lower mandible amputation, comminuted fractures, and bite wounds with 

matching deformities from the veterinary literature, photographs, and reports.  These 

studies demonstrate the effectiveness of conservative disease correlation within related 

taxa. 

Human paleopathology has the largest and oldest range of paleopathology 

publications and technical critiques as resources. Animal paleopathology yields good 

examples of multi-species surveys and describes the cause and effect of abnormal stresses 

and environmental conditions on bone.  Comparative paleopathology emphasizes the 
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maximum utilization of museum specimens and imaging resources possible.  Zoological 

pathology provides a paradigm of clinical comparison between ante-mortem and sub-

recent to recent wildlife remains.  Zoological pathology, human paleopathology and 

animal paleopathology demonstrate that the most effective disease studies are those that 

adopt a phylogenetic framework.  In many paleopathology studies, especially for 

archaeological material, this is already typical.  For non-archeological material, the 

transition to this mode of investigation is necessary.  Zoological paleopathology 

represents a strong bridge from the phylogenetic methods of zoological pathology to the 

diseases noted in the fossil record.  

The Application of Zoological Paleopathology in this Dissertation 

 
This study is based on data gathered from 2,443 skulls spanning archosaur 

diversity from crocodyliforms to falconiformes.  It improves upon previous work on 

fossil archosaurs by developing diagnoses from disease symptoms that exist in extant 

relatives.  By combining veterinary knowledge and data collection from modern animals, 

extrapolation can be made to extinct animals for which little information is available.  

Using this approach contends with the problem of equifinality, or the concept that 

different disease processes can end up producing similar results.  Making close 

evolutionary comparisons with extant archosaurs allows for the maximum likelihood that 

diagnosis of a disease will be accurate rather than analogous.    
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CHAPTER 2 

MATERIALS AND METHODS 

Study Parameters 

Since archosaurian oral pathology has not been thoroughly described in the 

paleopathological literature and most individuals observed in this study were seldom part 

of a population, this study is by its nature case descriptive.  The discussion of common 

diseases will be based on occurrence rather than the prevalence (Waldron, 1994).  In 

order to create a data set that would best describe these diseases, assumptions and 

parameters had to be established, which are summarized as follows: 

Archosauria is a monophyletic grouping. • 

• 

• 

• 

Modern diseases in extant relatives of ancient animals represent the 

majority of possible diseases found in those animals in the fossil 

record. 

Zoological and domestic specimens do not represent appropriate data 

points due to a significant husbandry and environmental effects on 

diseases. 

Due to the relative exposure of bony elements in certain species, 

varying modes of preservation of extant material may or may not be 

appropriate.  (For instance, the fluid specimen of a crocodile may 

provide a good view of the palate and jaw abnormalities, but the skin 

of a platypus will not provide suitable information on the bony 
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abnormalities of the jaw due to the thickness of the bill and lack of 

visibility of the elements). 

Due to the nature of disease distribution, the element is the lowest 

denominator of data collection.  Unless a bone fragment can be 

identified to a specific location on an element, it can not be considered 

for analysis.  Highly deformed or crushed fossil specimens can not be 

considered fit for observation and data collection. 

• 

• Data collection can be limited to the typical size of a wildlife biology 

study, namely 30 individuals or greater. 

These assumptions were set in order to provide boundaries and consistency within this 

study.  The above criteria provide methodological precision and the probability of 

reliable final results.   

Materials 

Taxon Selection 

 Taxa were selected for this study on the basis of phylogenetic affiliation to 

Archosauria, availability in quantity and accessibility of collections holdings. 

 Phylogenetic Relationships    The primary goal of data collection was the creation 

of a large comparative set of taxa (Figure 2.1) within which pathology cases could be 

drawn for analysis.  Groups were selected from extant and extinct archosaur phylogeny 

(Table 2.1) as well as three major outgroups to Archosauria (Table 2.2).  The Archosauria 

includes all taxa above Iguania on the data set phylogeny (Figure 2.1).   
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Figure 2.1 Phylogenetic relationships of the data set. Crocodilomorpha refers to those  
    crocodiliforms outside of modern crocodilian taxa. (Modified from Benton, 2005;  
    Brochu & Densmore, 2001) 

In order to produce broad pathology comparisons, analysis was conducted on a generic or 

higher clade-level basis. 

The archosaur groups shown in Table 2.1 were chosen to span the diversity of 

Archosauria. The greatest representation falls within the modern and Pleistocene taxa.  

The outgroups shown in Table 2.2 were chosen because the iguanids are a close 

‘reptilian’ outgroup to archosaurs, and the mammals chosen are the most primitive extant 

mammals, although they are relatively recent members of the groups to which they 

belong (Benton, 2005).  It was essential to have mammals involved in this study in order 

to provide fair comparison to comparative paleopathology studies of archosaurs. 

 

 

 

 



  
 

32 

Table 2.1. Higher taxa and sample sizes collected within Archosauria 
   (*Pterosauria and some Ceratopsia were examined from photographs.) 
 

Taxon Sample Size (n= 2,443) 
Mesoeusuchia  
     Crocodyliforms 50 
     Crocodylidae 137 
     Caimanidae 111 
     Alligatoridae 156 
Pterosauria 61* 
Dinosauria  
  Ornithischia  
     Hadrosauridae 108 
     Protoceratopsidae and Ceratopsidae   45* 
  Saurischia  
      Tyrannosauridae 58 
Aves  
   Paleognathae  
     Dinornithiformes 165 
     Apterygidae 91 
     Rheidae 32 
     Casuariidae 56 
   Neognathae  
     Galliformes  
       Phasianidae 509 
       Odontophoridae 80 
       Meleagrididae 63 
     Corvidae* 84 
     Falconiformes  
        Accipitridae 81 
        Pandionidae 57 
        Cathartidae 76 

 
Table 2.2. Higher taxa and sample sizes collected from iguanid and therian outgroups. 
 

Taxon Sample Size 
 
 

187 
 
 

109 

“Reptilia” 
   Squamata 
      Iguanidae 
 
Theria 
   Monotremata 
   Marsupialia 127 
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Availability 

 Most species included in this study were chosen either because an individual 

species was extensively collected and available at numerous institutions (e.g. Alligator 

mississippiensis), or because a particular group, such as the struthionidae, was well 

represented, even if certain species could not be found in high numbers.  These criteria 

for selection allowed the inclusion of all clades which could meet or exceed the typical 

sample size of specimens in a wildlife pathology study of twenty or more individuals 

(Table 2.3). Wildlife pathology studies typically have a wide variety of sample sizes, 

typically due to specimen availability, and the feasibility of study completion. The 

average wildlife disease study ranges from the limited numbers seen in case reports to 

vast numbers encountered by veterinary pathology laboratories over substantial periods.  

Certain groups could not be included directly in the study, either because of 

sparse collection, such as the gavialids, or because of diffuse collections holdings which 

was the case with the Pterosauria.  Many modern archosaurs were sampled beyond 

minimal quantities in order to gain insight into the pathology of infrequently described 

skeletal pathology.  The final sample size of groups reflects different factors including 

collections holdings, museum sampling efforts, and the logistical constraints of 

conducting a broad scale survey. 

Specimen Sampling 
 

Within an individual taxon, the sample selection criteria differed between extant 

and extinct animals.  For disarticulated fossil material, as many elements of the feeding 

apparatus as possible were examined (e.g. pre-maxilla, maxilla, palate, pterygoids, 
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mandible).   For articulated fossil material, as many skulls as possible were examined.   

For extant material, emphasis was placed on viewing skull material over fluid-preserved 

 
Table 2.3. This is a random sampling of disease research on exotic and wildlife species 
and the numbers utilized in studies from the last ten years. 
 

Authors Year Study Journal 
Morishita et al. 2005 Scaly Leg Mite Infestation in Chickens 

(n=29) 
J. Avian Med. and Surgery 
19(3):230-233 

Ramer et al. 2005 Vitamin D in Iguanas: Hypocalcemia  
(n=22 Ricord’s and 7 rhinoceros 
iguanas) 

J. Zoo and Wildlife Med.  
36(2): 188-191 

Olson et al. 2005 Bacterial Diskospondylitis in  Mink  
(n=40) 

J. Vet. Path. 42: 125-131 

Soldati et al. 2004 Granulomatous Inflammation in 
Reptiles 
(n=48 snakes, 27 chelonians, 15 
squamates) 

J. Vet Path. 41:388-397 

Yamamoto et 
al. 

2004 Adenocarcinomas in wild ducks (n=3) Avian Pathology 33(6):581-
585 

Heatley et al. 2004 Trauma induced aneurysmal bone cysts 
(n=1 cockatoo, 2 cockatiels) 

J. Zoo and Wildlife Med. 
35(2):185-196 

Komnenou et 
al. 

2003 Gastric Impaction in Ostriches (n=9) J. Vet. Med. 50:474-477 

Callie et al. 2000 Serological Survey of Infectious 
Disease 
in Anacondas (n=5 male, 5 female) 

J. Zoo and Wildlife Med. 
32(3):320-323 

Herbst et al. 1999 Fibropapillomas of Green Sea Turtles 
(n=25 Floridian, 15 Hawaiian sub-
species) 

J. Vet Path. 36: 551-564 

Trinkhaus et al. 1998 Psittacine beak and feather disease 
(n=23) 

Avian Pathology 27(6):555 

Buddle et al. 1997 Kiwi and Lesser Short-Tailed Bat 
Response to Rabbit Hemorrhagic 
Disease Virus 
(n=6 kiwi, 4 bats) 

NZ Vet. J. 45(3):109-113 

Lovich et al. 1996 Shell Disease in Turtles 
(n=112 in 8 species) 

J. Wildlife Diseases 32(2): 
259-265 

 

specimens or skins in most cases because bone abnormalities are more easily interpreted 

without overlying soft-tissue.  In addition, only specimens that were not bred or raised in 

captivity were included in data interpretation, so as to not bias the results towards human-

transmitted or artificially-induced environmental diseases.  
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Abbreviations 

Measurement Abbreviations  

‘RC’ refers to the rostral-caudal axial measurement.  ‘ML’ refers to the medio-

lateral axial measurement.  ‘DV’ refers to the dorso-ventral axial measurement.  

Measurement units are reported according to standard metric units. 

Institutional Abbreviations  
 

AMNH (American Museum of Natural History, FR= Fossil Reptiles), DM ( Te 

Papa Tongarewa, National Museum of New Zealand),  HMNH (Harvard Museum of 

Natural History), MOR (Museum of the Rockies, OST=osteology), QM (Queensland 

Museum), RTMP (Royal Tyrrell Museum of Paleontology), UBC (University of British 

Columbia), USNM (United States National Museum), UWBM (University of 

Washington, Burke Museum), UWZS (University of Wisconsin Zoological Museum) 

Methods 

 The data collection methodology was developed to provide the least bias possible 

and repeatability of the results.  The intent of this process was to gain as much 

information as possible from gross pathology observation. This goal explains the 

provision of morphometric data sets, detailed description, and differential diagnosis, as 

well as the careful attention to specimen collection parameters, and the limitations of 

preservation techniques (formalin, preserved skins, defleshed and fossil bone).   
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Morphological Skull Measurements 
 

Five morphological measurements of each specimen were taken: snout to occiput 

length, width post-orbital, and height of the cranium measured from the pterygoid flange 

to the roof of the skull, length of the mandible from the caudal midline between the 

articulars to the mandibular symphysis, and the width of the mandible from the outer 

edges of the articulars.  Individual disarticulated elements and fragments were measured 

according to length, midpoint height and thickness.  These measurements allowed for a 

general assignment of age classification. 

Subsequent measurements of abnormalities on pathological specimens accounted 

for length, width, breadth of the affected tissue and position in relation to certain 

anatomical markers or articular surfaces.  Following these measurements abnormalities 

were described using descriptive primary survey methodology.   

These measurements were taken in anticipation of making significant size 

comparisons within samples of similarly diseased individuals.  As will be noted in the 

following chapters; however, the numbers of similarly diseased specimens was low, and 

therefore in the majority of cases size comparisons were not possible beyond an 

anecdotal observation.  Only specimens affected by stomatitis were eligible for some  

limited size comparisons, and these were used to confirm estimates of adult size.  

Otherwise, these measurements will have to serve as the basis of continuation of the 

study to include a far larger number of individuals. 

 In addition to size comparisons, reference to the sex of the individual and locality 

were also expected.  Due to the limited number of individuals who belonged to a 

population, the locality data proved to be useful only for establishing limited details of 
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collection and season.  The gender data of individuals was also limited and not significant 

enough to comment on any possible gender related trends.  The low utility of both gender 

and locality data was anticipated early in the project, and was part of the reasoning in 

confining this study to case description rather than epidemiology.  

 The sample size of this project was 2,443 individuals with 123 pathologic cases.  

In order to establish epidemiological trends based on size in future studies, the project 

would probably have to expand significantly to accommodate in order to have 

statistically significant representations of different diseases.  

Primary Survey 
 
The concept of a primary survey was drawn from the initial emergency medical 

response to an injured patient, and was used in this context to contend with an 

abnormality on specimen at a museum collection.  This primary survey methodology was 

developed by myself and Rebecca Hanna in 2003 and is an initial characterization of an 

abnormality’s location relative to other anatomical benchmarks (Chinnery pers. comm., 

2002), and describes its dimensions, bone texturing, physical character and appearance, 

potential mechanisms of formation (i.e. resorption, proliferation, mechanical 

deformation, etc.), physical relationship to the opposite element, and the appearance of 

the bone as represented by a sketch or series of numbered photographs.  During the 

survey, abnormalities were assessed for potential etiologies (e.g. trauma, infection, 

neoplasia, developmental disorders, metabolic bone diseases, etc.).  The specimens were 

photographed from a labial and lingual aspect, along with dorsal and ventral views and 

close-ups of abnormal regions. 
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Secondary Survey 

The secondary survey was designed to ascertain the cause of the abnormality 

presenting in the specimen and includes further diagnostic modalities (such as radiology 

or computed tomographic scanning, and differential diagnosis).  Radiographs and CT-

scanning of specimens was limited due to availability of resources, and consequently 

radiography was not available for the majority of specimens.   When used, the 

radiological method was in accordance with modern veterinary cranial radiographic 

techniques (Colmery & Deforge, 2000) using available x-ray equipment.  

Due to the pattern analysis-based nature of this study, the diagnostic portion of the 

secondary surveys was conducted after the data was fully compiled.   Patterns in disease 

were evaluated for lower and higher taxon groupings and a list of differential diagnoses 

was developed to be compared later with case reports in the veterinary literature.  This 

process allowed for rigorous examination of initial observations in reference to 

subsequent diagnostic work on the affected area.   

The results were analyzed on the basis of abnormality location, distribution, 

severity and character.  Trends were described within the Archosauria on the basis of 

disease pattern homology across phylogenetic groups within the study. 

Statistics 
 
Populational statistics, such as t-tests and other tests of distribution imply an 

assumption of populational membership and contemporary relationships of all 

individuals.  As this is not the case for the majority of specimens, and since the 

percentages of abnormal individuals was not found to be high, the potential results of 
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such tests and calculations were not considered to be scientifically significant.  This study 

was fundamentally case descriptive, and any trends that were identified will have to be 

borne out further within valid populational accumulations to determine or more complex 

epidemiological patterns. 

Cladograms 

 Cladograms displaying disease character states for the data set were traced in 

MacClade using cladograms from Benton (2005) and Brochu and Densmore (2001).  The 

characters were taken from the diseases noted in the study and listed in tables in Chapters 

8 and 9.  Character states were assigned as “0” for no record found, and the presence of a 

disease within the study or within the literature were coded as two separate states of the 

same character.  A total of 42 characters were listed and coded, and the cladograms can 

be seen in Chapter 9.  

Limitations of the Study 

Sampling Biases of Museum Collections 

Sampling bias in this study came from three different sources; collections biases 

in the museums which were visited, the particular biases of this study, logistical 

difficulties of collecting data and preservational biases.  The sampling biases of 

professional museum collectors collecting modern material can only be assessed 

hypothetically.  Only in a few cases were the circumstances of collection of an individual 

described.  The difficulties of attaining a reliable sampling from the field include 

accessibility of specimens, availability of individuals at a locality, feasibility of transport 

for specimens and reliability of purchasing agents in a particular region.  Many 
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individuals have only a regional locality assignment and no collections data, which raises 

some concerns as to the provenance of the specimens.  In only a few cases was there the 

potential that individuals of the same species from a museum collection actually came 

from the same population (e.g. Alligator sinensis, and Caiman yacare from AMNH 

collections).  In order to deal with the problem of population membership, this study was 

set up as a case descriptive study rather than an epidemiological study. 

 The best way to compensate for sampling bias is to obtain numerous samples 

from different collections which had variations on collection criteria such as locality and 

season than other institutions.  In addition, the skull was chosen as the object of research 

because there is a bias that is evident in the large number of samples for which only a 

skull is present.  Taking this compensation into account there is still a concern as to 

whether the individuals collected were selected for their representation of the individual 

in a healthy state.  The majority of museum collections visited do not on preserve 

abnormal individuals but rather maintain a sample of normal morphology.  This may 

account for a low number of profound bony abnormalities discovered in the individuals 

sampled from collections and a higher amount of incidences of palatal abnormalities, as 

these would not have been as noticeable in the field.   

Sampling Biases of this Study 

As described in this chapter and evidenced in subsequent chapters on the results 

of this study, the focus was on osseous abnormalities of the feeding apparatus.  This 

priority was set in an attempt to yield comparisons between extant taxa and extinct taxa 

for which soft tissue is unavailable.  The majority of oral pathology noted in modern 
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crocodilians and avians however is related to the soft tissue, and therefore the rate of oral 

pathology in any skeletal sample will be low.  In addition, in some cases the entirety of 

the feeding apparatus could not be examined, thus depressing the potential of discovery 

of oral abnormalities.  In an effort to offset this difficulty, fluid specimens and skins of 

crocodilians, avians, mammals and iguanas were also examined in order to see the 

relationships between soft-tissue and hard-tissue pathology and draw further inferences 

into skeletal material.  For fossil specimens, observations of original skulls presented in 

exhibit spaces were also made in order to increase the number of examined individuals. 

 In addition to a skeletal bias in data collection, this study also faced the logistical 

difficulties of accessing materials.  Since the Archosauria is a sizeable group, decisions 

were made concerning sampling parameters that were based in part on phylogenetic 

status and in part on the availability of specimens for research.  The problems of creating 

a diverse study of individuals was offset through single and multiple visits to ten 

museums and visitation of Australian wildlife practices in part to further the 

understanding of archosaur diseases. 

Preservation Biases  

The discovery of abnormal cases in museum collections is limited by the 

capability of extreme abnormalities to be preserved in wild specimens and the fossil 

record.  In wild specimens the likelihood of developing bony abnormalities which are 

debilitating to organismal function is probably rare.  The decline in function prior to this 

point would probably lead to death prior to the development of extensive abnormalities.  

In humans the concept that individuals who are acutely ill do not survive long enough to 
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develop osseous symptoms is a consideration dubbed the ‘Osteological Paradox’(Wood 

et al., 1992).  The preservation bias is toward minor diseases or chronic illnesses.  This 

concern was noted in work on Allosaurus fragilis by Hanna (2001).  In the crocodilians, 

for which the greatest case load was generated in this study, the diseases do appear to be 

either minor, such as bite trauma or chronic illnesses such as granulomatous stomatitis.  

Serious trauma, parasites and emaciation were a major component of past field surveys 

(Webb & Manolis, 1983, Montague, 1984).  The full investigation of the ‘osteological 

paradox’ as a consideration in disease surveys is beyond the scope of this study. 

 The preservation of abnormalities in the fossil record has not been statistically 

studied in archosaurs.  Certain diseases, such as those in which there is a decrease in bone 

density, an excess of woven bone, or loss of elements may not be preserved or properly 

interpreted.  This issue can be addressed to some extent by the data in this study, but a 

larger sample is needed to assess this problem.  Although the issue of preservation in 

paleopathology is important, it is more appropriate as a topic of future research.  The 

majority of the study focused on modern specimens in which taphonomic effects were 

not present.  
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CHAPTER 3 

EXTANT ARCHOSAUR ORAL PATHOLOGY 

Introduction 

 
 Although the oral pathology of crocodiles and birds has not been extensively 

studied there is a body of veterinary knowledge primarily stemming from wildlife and 

zoological case reports, retrospective studies, and special interest books.  The majority of 

information comes from captivity and many of the described diseases relate to nutritional 

and metabolic imbalance, developmental disorders, communal infectious, respiratory 

tract infections and toxins (Mader, 2006; Saif, 2003). When contrasted with field-based 

examination of wildlife (Webb & Manolis, 1983; Montague, 1984; Heidenreich, 1995), 

the occurrence of these diseases is minor in comparison to trauma and congenital defects. 

Therefore, the survey of wild and extinct archosaurian taxa in this study will be likely to 

have diseases that align with those seen outside of a husbandry context.  Before studying 

these cases; however, it is essential to first understand the relevant known oral diseases. 

 The oral diseases described for crocodilians and birds are organized according to 

etiological category.  ‘Etiology’ refers to the overlying class of pathogenesis to which a 

disease belongs (Kumar et al., 2006).  The major etiological categories which lead to 

osseous abnormalities are: congenital, developmental, metabolic, nutritional, traumatic, 

inflammatory, infectious, degenerative, neoplastic and anomalous in nature.  Congenital 

and developmental diseases are those present at hatching and during growth respectively 

(Youngprapakorn, 1994). These diseases can overlap due to an uncertainty as to the time 

of occurrence and are therefore grouped together in subsequent chapters.  Metabolic 
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diseases relate to endocrine and other chemical or mineral imbalances (Weisbrode & 

Doige, 2000).  Nutritional diseases are caused by deficiencies in vitamins, minerals, and 

other essential nutrients (Weisbrode & Doige, 2000). Because of the focus on imbalance 

of circulating levels of essential compounds, nutritional diseases often overlap with 

metabolic diseases and these categories are grouped together in subsequent chapters. 

Traumatic diseases are the direct effect of injury, whether caused by mechanical insult or 

failure.  Inflammatory diseases relate to the non-specific immune response and injury 

(Tizard, 1987), and infectious diseases to the entrance or increased loading of a pathogen 

whether viral, fungal, bacterial or parasitic (Kumar et al., 2006).   The majority of 

wildlife inflammatory diseases have an infectious component; therefore infectious 

diseases are subsumed as a subset of inflammatory diseases in subsequent chapters.   

Degenerative diseases are caused by a progression of defects leading to dysfunction of 

bony structures (sensu Weisbrode & Doige, 2000).  Neoplastic diseases relate to 

abnormal growth of tissue (Reece, 1992), and are classified as either benign or malignant 

based on the ability to metastasize to other locations in the body (Kumar et al., 2006).  

Anomalous or idiopathic diseases are those for which a pattern can be found in signs and 

symptoms, but an etiology cannot be discovered.  Not all diseases conform to one 

etiology, and often a disease will exhibit multiple characteristics at once.  This is as true 

in archosaurs as it is in all other vertebrates. 

Crocodilian Oral Pathology 

 
 The family Crocodylidae is often underrepresented in the oral pathology 

literature.  The cause of this under representation is probably due in part to the relative 



  
 

45 

inaccessiblility of the oral cavity without heavy sedation, and general veterinary 

reluctance to examine this area even under sedation due to the powerful jaw closure 

reflex (Olssen pers.comm, 2005).  The oral cavity can be viewed in the live crocodilian 

during thermoregulatory gaping, when the palate and floor of the buccal cavity are 

visible.  When the mouth is closed, the occlusal surface of the upper jaws can be viewed 

in crocodilians and caimans, and the upper and lower jaws can be viewed in alligators.  

As a result of the difficulties involved in viewing all oral surfaces, the crocodilian 

literature shows a bias towards those conditions that can be viewed externally, on 

necropsy, or during gaping.  Fortunately, abnormalities have been described at length 

from crocodile farms, which conduct frequent inspections of their stock.  The result of 

this reference material availability is an additional bias in the literature towards the 

abnormalities of farmed individuals, many of which result from problems in husbandry 

(Mader, 2006, Huchzermeyer, 2003). 

 With these biases in mind, there are in fact a collection of reported disease 

conditions which can which can support a variety of differential diagnoses in 

crocodilians.  These diseases are listed according to their etiology. (NB: Certain diseases 

are cross-listed as their etiopathogenesis is multifactorial.) 

Congenital 
 

• The absence of numerous rostral facial bones in hatchlings of C. porosus x 

siamensis have been noted (Youngprapakorn, 1994).  This could be hypothesized 

to result from malformation of the anterior somitomeres. 



  
 

46 

• Both cleft lip, palate and chin have been noted in crocodilians (Youngprapakorn, 

1994).  These result from maxillary absence, palatine and medial maxillary 

absence and absence of mandibular fusion. 

• Shortened skulls have been noted in crocodile hatchlings (Huchzermeyer, 2003) 

and adults (Kälin, 1936). 

• Shortened upper and lower jaws have been seen in crocodilians, resulting from 

husbandry (e.g. incubation temperatures) and genetics (Mehler, et al., 2003). 

• Bending of the upper and lower jaws (both horizontally and vertically) and jaw 

protrusion has been seen in crocodiles (Webb & Manolis, 1983; Huchzermeyer, 

2003).   Upper jaw protrusion leads to the development of openings in the upper 

jaw via penetration of the lower ‘canines’ through the snout (Huchzermeyer, 

2003).  This has been seen in museum specimens primarily in long-snouted 

caiman morphs. 

• Abnormalities in alveolar number and number of teeth in each alveolus have been 

reported. (Huchzermeyer, 2003). 

Developmental 
 

• The most common developmental disorders are sequelae of Nutritional or Renal 

Secondary Hyperparathyroidism (see Metabolic). These sequelae include either 

rickets or osteomalacia leading to flexible jaws (Huchzermeyer, 2003), followed 

by fibrous osteodystrophy (Mader, 2006), which is relatively indistinguishable on 

gross exam.  Subsequent healing of this condition can lead to jaw deformities 
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which are commonly seen in hatchlings such as laterally bent jaws (Mader, 2006), 

and jaw protrusions. 

• Tooth rotation can be caused by dermatomycosis during development (see 

Infectious) 

 

Metabolic 
 

• The individual or conjoined presence of hypocalcemia, vitamin D3 deficiency, 

and renal dysfunction, can have similar effects (Huchzermeyer, 2003).  The 

resulting overlying metabolic diseases Nutritional Secondary 

Hyperparathyroidism (NSHP) or Renal Secondary Hyperparathyroidism are the 

result of an increase in parathormone signaling and a corresponding mobilization 

of calcium into blood plasma (Weisbrode & Doige, 2000).  The subsequent 

demineralization of bone leads primarily to the development of osteomalacia in 

which the jaws become flexible (Huchzermeyer, 1986) due to mineral loss.  The 

disease can progress to fibrous osteodystrophy in which the fibrous matrix of the 

bone is enlarged leading to further flexion. External signs of this condition are 

incompletely mineralized periosteal reactive bone on the jaw exterior. 

• Renal failure can facilitate progression of hyperparathyroidism by blocking 

vitamin D3 conversion.  During renal failure, vitamin C synthesis is also 

terminated leading to hypovitaminosis (see Nutritional). (Donaghue, 2006). 
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Nutritional 
 
• Hypocalcemia and vitamin D3 deficiency lead to NSHP (see Metabolic) 

(Sequelae: Osteomalacia, Fibrous Osteodystrophy)  

• Tooth rotation and loss also result from NSHP (Mader, 2006). 

• Vitamin C deficiency leads to ulcerative gingivitis (Huchzermeyer, 2003). 

• Vitamin E deficiency leads to ‘algal growth’ on the teeth (Youngprapakorn, 

1994), which is associated with Pseudomonas sp. bacterial infection, and has been 

seen in poorly kept crocodiles in Cairns, Australia (personal observation).  There 

is a direct connection between husbandry conditions and this sign. 

• Protein deficiency causes major growth stunting in reptiles (Donaghue, 2006), 

which could affect the general size of the head. 

Trauma 
  

• Abrasions result from miscellaneous reasons on the jaw exterior. 

• Open mandibular fracture was noted (Huchzermeyer, 2003), probably due to 

combat.  Another open mandibular fracture, resulting from propeller trauma 

(Elsey, pers. comm.., 2005) was seen in an A. mississippiensis from the 

Rockefeller Wildlife Refuge. 

• Complete or partial amputation of the upper jaws and mandible has been noted in 

numerous cases (Webb & Manolis, 2000; Youngprapakorn, 1994; Elsey, 2005 

pers. comm.) This is the result of intraspecific combat. 

• Miscellaneous tooth and oral cavity damage can also result from combat (Mehler 

& Bennett, 2003) 
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• Oral trauma can result in progressive tooth loss leading to edentulousness.  This 

has been seen extensively in alligators (Erickson, 1996), and in other crocodile 

species (Kälin, 1936). 

• Wounds can be inflicted to the oral cavity and the exterior of the jaws by prey 

(Mehler & Bennett, 2003). (Sequellae: Bacterial or fungal stomatitis can develop 

(see Infection) (Huchzermeyer, 2003), or abscesses can result from bite wounds 

or trauma (Mader, 2006). 

Inflammatory 
 

• A granulomatous polyp was noted on the palate of C. palustris (Huchzermeyer, 

2003). 

• Granulomas were noted as sequelae to mycobacterial stomatitis (see Infectious)  

(Mehler & Bennett, 2003). 

• Stomatitis is common in crocodiles.  This is a general term for posterior oral 

cavity inflammation and can result from numerous pathogen infections (see 

Infectious).  When stomatitis is mentioned in subsequent chapters, it will refer to 

the microbial forms described. 

• Gingivitis is common in all reptiles and is an inflammatory response resulting 

from multifactorial infection of the gingival tissue (see Infectious). 

Infectious 
 

• Rhinopharyngitis can progress to upper pharynx necrosis (Youngprapakorn, 

1994). 
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• Dermatomycosis caused by Fusarium sp. is a fungal infection which can result in 

outward rotation of the teeth during development (Hibberd & Harrower, 1993; 

Youngprapakorn, 1994). 

• Mycobacterium sp. can cause granulomatous or non-granulomatous lesions in the 

oral cavity (Mehler & Bennett, 2003). (Sequel: Hemorrhagic lesions may lead to 

osteomyelitis.) 

• Stomatitis is an inflammation of the posterior of the oral cavity with varied 

etiopathegenesis.  The signs of this disease are weight loss, inability to swallow 

food, paralysis of the oral floor and tooth loss (Mehler & Bennett, 2003). 

      (Sequelae: In patients suffering from gout, urate lesions may form in oral cavity        

      (Mehler & Bennett, 2003).  In typical cases, progression may also cause  

mandibular  and maxillary osteomyelitis. (Mehler & Bennett, 2003)). Stomatitis  

may be divided by pathogenic agent into viral, bacterial, and fungal classes: 

Fungal Stomatitis  This disease results from infection of the oral cavity by 

Candida albicans, a typical fungal inhabitant of the oral flora.  This infection is an 

indicator of lowered immunity (Huchzermeyer, 2003). 

Viral Stomatitis   This disease results from systemic infection by the caiman 

or crocodile poxvirus, which is one of the few specific pathogens of crocodilians 

(Huchzermeyer, 2003).  This infection is typified by white to gray small (5mm) 

(Huchzermeyer, 2003) nodules in the palate or on the mandible (Nevarez, 2006). 
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Bacterial Stomatitis This disease is caused by the typical oral flora of 

crocodilians, primarily the gram negative Pseudomonas sp. and Aeromonas sp. 

and is characterized by  abscesses and tissue necrosis within the oral cavity 

(Mehler & Bennett, 2003). 

• Gingivitis, or inflammation of the gingival tissue surrounding the teeth has been 

noted in crocodilians.  This results from the accumulation of fatty foods between 

the teeth and the subsequent colonization by fungal and bacterial pathogens 

within the mouth.  (Huchzermeyer, 2003). Sequellae: Recession of the gingival 

tissue (periodontitis) can occur, as well as focal osteomyelitis, and abscessation 

(Mehler & Bennett, 2006). 

Degenerative 
 

Decalcified or poorly calcified teeth and osteoporosis are speculated to result 

from stress-related neuropathy leading to metabolic imbalance (Huchzermeyer, 2003). 

Neoplastic 
  

• Salivary gland cysts are common in crocodilians and result from obstruction of 

the salivary duct.  These resemble tumors, but in fact are accumulations of fluids 

and thus pseudotumors (Cooper, 2006). 

• A fibrosarcoma was removed from the mouth of a Crocodylus siamensis resident 

at the New York Zoological society.  This tumor was located on the palatal fold 

and had severely eroded the palatal surface of the  right maxilla (Janert, 1998).  

Due to the fibrous nature of these tumors, they cannot be anticipated to be located 

in macerated specimens unless erosion of the bone is present. 
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Toxic 
 

Fire ants have been noted in reptile basking areas and inflict injury via toxins 

which induces focal necrosis in the tissue (Fitzgerald & Vera, 2006). 

Anomalous 
 

Hyperkeratosis, or general sclerotization of the oral cavity, has been noted, the 

underlying cause is suspected to be nutritional (Huchzermeyer, 2003). 

Avian Oral Pathology 

 
Crocodilians and avians are considered to have similar immune systems due to the 

heterophilic response (Tizard, 1987)  and the possibility of homologous specific immune 

response but more research is needed to provide further comparisons.  Most of the 

differences in oral diseases that arise between these groups result from anatomical, 

behavioral and habitat differences.  The similarities in oral diseases probably relate to 

phylogenetic connections (Tizard, 1987, Benton, 2004), similarities in oral flora 

(Huchzermeyer, 1994, 2003), and the limitations of osseous response in bone (Weisbrode 

& Doige, 2000).  Additional oral diseases may be known from birds by virtue of their 

importance to the agricultural and the pet trades.  The oral cavity is also more accessible 

in birds, and frequently examined for diseases as a part of efforts to control the spread of 

zoonotic diseases. 
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Congenital 
  

• Mandibular and maxillary prognathism is seen in birds as it is in crocodiles, 

although this may relate more to beak overgrowth in the bird than deformity due 

to incubation (Olsen, 2003). 

• Rotation, flexion and asymmetry were described in the jaws of a herring gull 

chick (Threllfall & Roy, 1988). 

Developmental 
 

• Upper and lower jaw injuries during growth can lead to permanent beak deformity 

as a result of subsequent growth (Heidenreich, 1995). 

• Nutritional secondary hyperparathyroidism (NHSP) occurs in birds (Toyoda et al., 

2004; Harrison & Lightfoot, 2006,) and could cause similar effects to those seen 

in crocodile jaw deformities, but these are seen instead in the alteration of the 

beak (Heidenreich, 1995; Wellehan & Gunkel, 1996).  Osteodystrophy has been 

described in magpies (Vogelnest, 1994) as causing flexible beaks in a similar 

manner to fibrous osteodystrophy in crocodiles. 

• Brachycephalism can result from biotin deficiency (Klasing & Austic, 2003). 

• Knemidocoptes sp. mite infestation can lead to developmental stunting of the beak 

in raptors (Heidenreich, 1995). 

Metabolic 
 

• NSHP is common in malnourished birds whereas renal secondary 

hyperparathyroidism is not as significant a disease (Olsen, 2003). 
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Nutritional 
 

• NSHP (see above) can occur due to calcium and vitamin D3 deficiencies.  

Vitamin D3 deficiencies can lead to a flexible beak (Klasing & Austic, 2003) 

which is the same as the symptoms seen from osteomalacia in crocodiles 

(Youngprapakorn, 1994). Rickets can also result in raptors from D3 deficiency 

(Heidenreich, 1995) which can lead to deformity of the beak. 

• Calcium deficiency causes rickets in poultry (Klasing & Austic, 2003). 

• Biotin deficiency can lead to brachycephalism in poultry (Klasing & Austic, 

2003). 

• Oral lesions can be caused by vitamin A deficiency (Cooper, 2002), although the 

effect on underlying structures is unknown. 

Trauma 
 

• Jaw fractures occur in birds (Olsen, 2003), although not as often or due to the 

same type of trauma as in crocodiles.  Ostriches tend to break their mandible on 

objects (Gilsleider, 1994) and raptors have frequent fractures of the upper beak 

(Beynon, 1996).  

• Sharp foreign objects have been noted to cause impalement of the palate and 

subsequent abscessation in raptors (Heidenreich, 1995).  Such feeding trauma is 

also present in crocodilians (Nevarez, 2006). 
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• Aneurysmal bone cysts have been described in psittacines as resulting from 

trauma, although the mechanism of development is not known (Heatley et al., 

2004).  

• Lipomas have been noted in poultry as the result of trauma (Reece, 2003). 

Inflammatory 
 

• Granulomas occur in the oral cavity of birds as the result of Pseudomonas sp. 

(Olsen, 2003). 

• Stomatitis in avians develops as a result of Pseudomonas sp.(Cooper, 2002), 

Candida sp. (Harrison & Lightfoot, 2006) a viral  form (Beynon, 1996), a fungal 

Aspergillus sp. form (Vogelnest, 1994), and as the result of chemical, or thermal 

trauma (Olsen, 2003).   In crocodilians, candidiasis is the only comparative form 

of stomatitis. (Sequella: Maxillary exostoses in raptors (Cooper, 2002).) 

• Rhinitis leads to swelling of the hard palate as the result of mycoplasmosis, 

trichomoniasis, fungal pathogens or obstruction (Beynon, 1996). 

Infectious 
 

• Stomatitis (see Inflammatory) 

• Pseudomonas sp. cause necrotic lesions in the avian oral cavity (Olsen, 2003), but 

not the bacterial stomatitis seen in crocodilians. 

• Beak necrosis was described in poultry with sequelae of osteomyelitis and 

sloughing of the distal mandible.  The cause is an unknown bacterial agent 

(Barnes, 2003). 
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• Pasteurella sp. was described in Buteosp. as causing oral abscessation (Cooper, 

2002). 

• Tuberculosis has been noted in the pharynx of ostriches (Huchzermeyer, 1994). 

• Avian poxvirus, also known as raptorpox (Heidenreich, 1995), causes numerous 

small papules in raptors on the beak (Cooper, 2002) and in the oropharynx 

(Heidenreich, 1995) which are brown and crusty in a manner similar to caiman 

poxvirus (Huchzermeyer, 2003).  In ratites the lesions have been reported to be 

diptheric and form similar exudates (Huchzermeyer, 1994). In chickens, there is a 

cutaneous form of the avipox virus which leads to massive vesicular lesions that 

can affect the oral cavity (Tripathy & Reed, 2003). 

• Papillomas, which are caused by the herpesvirus, are seen in macaws within the 

oropharynx (Olsen, 2003).  No papillomas have been reported from the 

crocodilian oropharynx; however they were observed by the author in one 

specimen at Currumbin Wildlife Sanctuary (2006). 

• The fungal species, Candida albicans causes exudative white caseous plaques in 

the oral cavity (Heidenreich, 1995) which accumulate chunky caseous debris in 

the oropharynx in advanced stages (personal observation). 

• The fungal pathogen Fusarium infection can lead to necrosis of the oral mucosa 

in poultry (Hoerr, 2003) in a manner similar to that seen in crocodile juveniles 

(Hibberd & Harrower, 1993). 

• Trichomonas sp. parasitic infestation in the oral mucosa leads to  ‘well-

circumscribed’ and sometimes coalescing lesions with local caseous necrosis in 
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poultry (McDougald, 2003).  Sequella: Pseudomoniasis can arise subsequent to 

trichomoniasis and lead to substantial oral infection (Cooper, 2002). 

• Serratospiculum amaculato, a roundworm, has been noted in Haliaetus 

leucocephalus (Bald Eagle), to cause plaques in the oral mucosa (Cooper, 2002). 

• The parasite Capillaria sp.infects raptors and can cause an oropharyngeal 

infection in which granulomas are present in the palate and the mandible can be 

abscessed (Heidenreich, 1995). 

Degenerative 
  

• As in crocodiles, osteoporosis can develop as a result of vitamin D3 deficiency 

(Klasing & Austic, 2003). 

Neoplastic 
 

• Salivary gland cysts are found in birds as well as in crocodilians (Olsen, 2003).  

They are also a pseudotumor. 

• Fibrosarcomas have been found in wild galliforms and psittacines (Reece, 1992) 

and separately in poultry infected by diptheric fowl poxvirus (Fadly, 2003), but it 

is not clear if these were present in the oral cavity or on the exterior of the 

cranium.   Fibromas have been found as masses within the epidermis, dermis and 

musculoskeletal system (Saif, 2003). 

• Osteoma and osteosarcoma have both been reported in birds (Reece, 1992; Hahn 

et al., 1998; Fadly, 2003).  Osteomas are composed of uniform circumscribed 

deposits of matrix and trabeculae (Reece, 1992; Fadly, 2003).  Osteosarcomas are 

invasive masses composed of bone and sheeted spindle cells, and are present in 
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poultry in either a endosteal or ‘parosteal’ form (Fadly, 2003).  The cause of 

osteosarcoma may be viral (Fadly, 2003). 

• Squamous cell carcinomas have been reported in ostriches (Huchzermeyer, 2003) 

and in poultry within the pharynx as a proliferative ulcerative lesions (Reece, 

2003). 

• Lipoma has been noted as a result of trauma in poultry (Reece, 2003) 

• Liposarcomas have been noted in avians (Reece, 1992). 

Toxic  
 

• 

• 

Ergotism, a fungal toxicosis derived from ingesting affected grains, is a common 

cause of beak necrosis in poultry (Shivaprasad, 1999). 

Selenium toxicosis in ducks leads to distal tip mandibular necrosis (Shivaprasad, 

2002). 

Summary 

 
 Many of the abnormalities in archosaurs may be similar in cause or similar in 

distribution, but often the effects of diseases differ moderately between avians and 

crocodilians.  This difference may be the result of the broad gap in phylogeny and 

ecology between these two groups.  The primary oral diseases that have been described in 

archosaurs fall within the inflammatory, infectious, nutritional/metabolic/developmental 

interaction, and congenital etiologies.  These types of diseases are either directly life 

threatening or produce obvious deformities.  The published record of archosaur oral 

pathology does not generally record pathological subtleties in wild archosaurs, or the 
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direct effects of diseases on bone; although the presence of necrosis and deformity of 

layers below the soft tissue is often mentioned.  However, the descriptions of the pattern 

and distribution of diseases provide an ample resource for differential diagnosis of 

osseous abnormalities in macerated and fossilized specimens.  
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CHAPTER 4 

CROCODILIAN CASE REPORTS AND DIAGNOSTIC INTERPRETATION 

Introduction 

 
The crocodilians examined have an overall global distribution and include both 

extinct and extant individuals from the crocodilimorphs, crocodiles, caimans and 

alligators.  Specimens of Tomistoma schlegeli (False Gharial) and Gavialis gangeticus 

(Gharial) were also examined but the skulls proved to have little or no bone pathology, 

and thus were not included or measured in the study. 

  A total of 463 individuals were measured (see Chapter 3) from which this 

section presents the descriptions, photographs and diagnoses of abnormal cases observed 

in the course of the study.  The cases are sub-divided by the disease category to which the 

individual’s abnormalities belong.  When diagnostic interpretations were similar in 

several cases they were grouped together.  These occurrences are clearly indicated.  

Summaries of the pathology findings can be found in Chapter 8. 

Elements of the Crocodilian Skull 

The crocodilian skull is figured in the following photograph  (Figure 4.1) with the 

different elements of the skull labeled.  These elements are referred to throughout the text 

for which this figure provides reference. 
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Figure 4.1- The crocodilian skull (modified from Webb & Manolis, 1998). pm.= premaxilla,   
max.=maxilla, q.=quadrate, pal.= palatine, pal. fen.= palatine fenestra, epi.=epiterygoid,  ptr.=pterygoid, 
ch.=choanae, m sym.= mandibular symphysis, d.= dentary, m.fen.= mandibular fenestra,  
sur.=surangular, ang.= angular,  art.=articular.  The splenial is not figured, but is affixed on the lingual 
side of the dentary. 
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Age Estimations 

For specimens bearing a “~” before the age (e.g. adult, juvenile, hatchling, etc.), 

these are age estimations based upon relative size of the individual, degree of cranial 

fusion, and relative development of cranial bones.  These are estimations only for 

individuals for whom the data was unavailable and are not intended to be exact 

identifications. 

Case Reports and Diagnostic Interpretation 

 
Case Report Numbering 
 

Case reports in this chapter are numbered according to chapter number and 

consecutive ordering.  Therefore, the first case is numbered (4 - 1). 

Trauma 
 

Case Report No. 4-1 
Crocodylus porosus ~adult (Saltwater Crocodile) 
QM 39284 – Qld., Australia  

There are two features of note on this skull.  The first is a simple tapered erosive 

perforation (Figure 4.2a) measuring 0.58cm RC and 0.79cm ML with smooth edges 

located on the right palatine element.   The second is a region (Figure 4.2b, c) measuring 

2.83cm RC, 3.57cm ML and on average 1.14cm in thickness on the right maxillary palate 

with three full thickness perforations.  The caudal perforation appears to have smooth 

well-healed edges and has abnormal suture lines extending approximately 2.30 cm from 

the maxillary-palatine articulation to the caudal and rostral ends of the lesion.  The other 
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two features are abnormally located nutrient foramina situated rostral to the third.  Of 

these two, the caudal one has a tripartite division and abuts the perforative lesion. 

Diagnostic Interpretation:  The first feature is probably the resolution of a 

penetrating wound to the palate.  Although inflammatory and neoplastic processes can 

cause erosions of the palate (Mehler & Bennett, 2003), the limited extent of this lesion 

suggest that it is related to minor trauma.   

The abnormal suturing of the palate is not unique within this data set (see case 

report no’s. 4-4,  4-12), however, the condition has not been described.   Based on the 

different abnormalities present on these other specimens, it is evident that this condition 

may originate for different reasons.  In all cases though, developmental plasticity must 

play a role, as sutures close between sub-adult and adulthood.    The differentials for this 

anomaly include a suturing defect, osteomalacia (Mader, 2006), and palatal trauma 

leading to abnormally directed stress during early development.  Palatal trauma is not 

uncommon in crocodilians either because of intraspecific aggression (Huchzermeyer, 

2003) or damage to the palate from foreign objects during feeding (Mehler & Bennett, 

2003).  A diagnosis of trauma is strengthened by the presence of an erosive lesion, which 

in this case is probably the result of penetrating trauma, and atypical placement of 

nutrient foramina which might represent angiogenesis (Kumar et al., 2006) to an injured 

area.    

Because this individual is an adult, the injury is expected to have occurred many 

years before the death of this animal. 
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Case Report No. 4-2 
Alligator mississippiensis♂ adult (American Alligator) 
MOR OST 155   
 

There is a slight depression 0.70cm rostral to the premaxillary/maxillary suture on 

the left premaxillary palatal surface measuring 0.60cm RC, 0.42cm ML without alteration 

of the periosteum or surrounding surfaces (Figure 4.3). 

Diagnostic Interpretation:  Limited data is present from which to make a diagnosis 

for this specimen.  It could be that this is simply a depression fracture into the palate from 

feeding (sensu Mehler & Bennett, 2003).  However, there could also be an overlying 

granuloma (Youngprapakorn, 1994), fibriscess (Huchzermeyer, 2003) or soft-tissue 

tumor that may have caused localized remodeling and formation of a depression.  Given 

the feeding behavior of the alligator and the enormous bite forces exerted on prey, this 

depression was probably caused by an impact of dense bone on the skull during 

prehension and therefore a penetrating injury.   

Another possibility for an adult male with this injury is intraspecific aggression, 

as males bite each others’ heads during sexual competition (Webb & Manolis, 1989).  

Case Report No. 4-3 
Alligator mississippiensis ~hatchling (American Alligator)  
UWBM Herpetology Collections Unnumbered Jar of Alligator Heads- No Locality 
 

Beneath the skin on the ventral aspect of the distal right mandible is a large bump 

measuring approximately 0.20cm RC, and 0.40cm ML which is palpable as a bony mass 

(Figure 4.4).  The exostosis is oriented diagonally and bears a shape similar to other 

exostoses on crocodilian jaws located on the buccal aspect of the mandible. 
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 Diagnostic Interpretation: As with other specimens bearing superficial features, 

this individual appears to have periosteal reactive bone related to slashing trauma due to 

the exposure of the canines.  This is a common injury in juveniles (Huchzermeyer, 2003) 

because of their tendency to commune in groups. 

Case Report No. 4-4 
Caiman yacare ~sub-adult (Yacare Caiman) USNM 281832 
Lago Tumi Chucua, Beni, Bolivia, Dec. 1981 
 

This individual was killed and discarded by hide hunters.  There is an embedded 

object whose exposed surface measures 0.46cm RC and 0.38cm DV in the medial edge of 

the left palatal fenestra 1.00 cm from the caudal edge and 0.21cm dorsal to the hard 

palate (Figure 4.5a).  Surrounding the object, two bones have formed with sutures 

surrounding them.  There is also a patch of porous bone 1.30cm caudal to the object.  

Radiography of the object shows it to have a dense triangle-shaped profile within the 

bone.  No evidence of adhesions between the object and surrounding bone can be seen. In 

fact, a sharp division is evident on the radiograph (Figure 4.5b).  The object is clearly not 

a tooth but does appear to be bone of the same relative radiological density as the bone in 

the skull. 

Diagnostic Interpretation:  The formation of abnormal sutures and cranial bones 

around this object indicates that it was embedded in the animal at a young age, before 

complete formation of the sutures in the skull (see case report no. 4-1).  If this is the case, 

then this was a sizeable embedded object for the young age at which it would have 

penetrated the skull.  This abnormality resulted from a strong laterally penetrating foreign 

object which cannot have been caused by bite trauma, as no other indication exists of 
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further injury.  This leaves damage from feeding as the only viable diagnosis.  Because 

this individual is inferred to have been a sub-adult, the injury would have occurred 

recently in ontogeny. 

Case Report No. 4-5 
Crocodylus porosus ~adult (Saltwater Crocodile) 
QM 5005 – Cooktown, Qld., Australia 
 

On the lateral aspect of the right mandible approximately six centimeters rostral to 

the mandibular fenestra there is a diagonal line of depressed bone measuring 3.36 cm in 

length and 0.75cm in width surrounded by eroded bone.  The depressed bone is scored by 

three parallel lines (Figure 4.6).  

Diagnostic Interpretation: When substantial lines are observed in a crocodilian 

jaw it suggests bite trauma.  The erosion of bone surrounding the mark could be 

indicative of sequestration of the injured area due to osteomyelitis and necrosis 

(Weisbrode & Doige, 2000). Due to the lack of surrounding remodeling, the abnormality 

does not appear to be in the process of resolution.  Crocodilians often bite each others’ 

skulls (Webb & Manolis, 1989), and when they are not engaged in this sort of behavior, 

their tendency to pile leads to tooth related injuries from their protruding mandibular 

teeth (Huchzermeyer, 2003).  The exact circumstances of injury in this specimen cannot 

be determined; however, as this individual is inferred to have been an adult, a stacking 

injury should be dismissed. 
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Case Report No. 4-6 
Crocodylus porosus ~sub-adult (Saltwater Crocodile) USNM 128685   
Yirrkala, West of South End of Melville Bay, Northern Territory, Australia, July 1948 

 

On the left dentary element lateral to the 14th alveolus there is a diagonal cranio-

ventral trending indented groove approximately 3.50cm long and 0.80-1.13cm wide 

bearing pockets of minor erosion into the trabecular bone (Figure 4.7). 

Diagnostic Interpretation:  This groove is consistent with superficial trauma as 

noted in several other cases.  The presence of minor erosion could indicate a secondary 

infection due to inoculation of oral flora at the wound site.  The collection of this 

individual during the winter makes the possibility of infection greater as the immune 

system of crocodilians is hypothesized to operate inefficiently in lowered temperatures 

(Montali, 1988).   This has been shown in an experimental setting in which alligators 

were cold shocked and their CBC counts subsequently evaluated (Valentine & Elsey, 

1999).  After one hour there was a profound decline in heterophils and azurophils in these 

individuals.   Valentine and Elsey (1999) note that Ilya Metchnikoff conducted 

experiments in 1901 which showed that prolonged decreases in temperature affected 

crocodilian white blood cell chemistry.  In another ‘reptile’, the lizard Scincus (Hussein 

et al., 1979), histological examination of the thymus and spleen at 15 day intervals 

throughout the year demonstrated seasonal atrophy of these organs during the winter 

months. 
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Case Report No. 4-7 
Caiman yacare ~juvenile (Yacare Caiman) USNM 281830   
Lago Tumi Chicua, Beni, Bolivia,  Dec. 1981 
 

This individual was killed and discarded by hide hunters.  Approximately 1.50cm 

ventral to the 13th, 14th and 15th alveoli on the right mandible’s buccal aspect there are 

three indentations arranged in an arcuate fashion (Figure 4.8) measuring in rostral to 

caudal order: 0.36cm RC, 0.46cm DV; 0.62cm RC, 0.36cm DV and 0.55cm RC, 0.42cm 

DV.  The 12th alveolus is disrupted by a ring of lysed bone approximately 1.00cm RC and 

0.75cm DV. 

Diagnostic Interpretation:  The arcuate series of indentations shows very sharp 

edges and no healing response.  These are probable perimortem bite marks as there is also 

a single non-associated indentation dorsal to the series, and the individual was killed prior 

to the inception of healing.  The ring of lysed bone associated with the 12th alveolus could 

be a small area of osteomyelitis (Weisbrode & Doige, 2000) developed prior to the bite 

wounds.   

Case Report No. 4-8 
Alligator mississippiensis adult (American Alligator) 
USNM 211231 Monroe, Key West, Florida 
 

There is a lesion 14.50 cm from the rostrum on the mid-palatal surface of the left 

maxilla element and 4.00 cm from the 11th alveolus (Figure 4.9).  It is a thin ridge of 

sclerose bone measuring 0.74cm RC and 1.75cm ML. 

Diagnostic Interpretation:   This feature is diagnostic of periosteal reaction in 

response to superficial trauma in the palate. 
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Case Report No. 4-9 
Crocodylus intermedius ~hatchling (Orinoco Crocodile)  
AMNH 8790-Venezuela September 23, 1916 
 

The left maxillary palate of this juvenile individual bears four indentations 

6.58cm rostral to the quadrate element arrayed in an arch and measuring each 

approximately 0.50cm in length, and 0.30cm in width and affecting an area 6.99cm long 

and 0.90cm wide (Figure 4.10a).  No marks are present in dorsal view.  No healing 

appears to have occurred.  The dentary element directly below the site of the indented 

region is fractured with no evidence of union (Figure 4.10b).  The edges appear ragged, 

but do not bear the evidence of a clean post-mortem break. 

Diagnostic Interpretation:  Although it is important to be conservative in 

assigning bite trauma as a cause of injury, the marks in this specimen and fracturing of 

the jaw leave little else as an option.  The pattern of indentations is too close to the 

spacing of teeth in the crocodilian distal mandible to allow for other diagnoses.  This 

animal did not live long after the injury was suffered, either due to collection or natural 

death, although crocodiles often suffer substantial injury and continue to function 

(Youngprapakorn, 1994). 

 
Case Report No. 4-10 
Alligator mississippiensis ~hatchling (American Alligator) 
UWBM Herpetology Collections Unnumbered Jar- No Locality 
 

A rearward pointing ‘w’-shaped depression measuring approximately 0.20cm RC 

and 1.00cm ML is present beneath the skin of the proximal right maxillary palate and 

crosses over the midline into the left maxillary palate (Figure 4.11).  The region is 

significantly indented above the surrounding palate. 

A.
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 Diagnostic Interpretation:  No accompanying sign of infection or inflammation 

indicates that this feature may have resolved, as does the lack of soft tissue injury 

overlying the site.  The lack of a recorded congenital abnormality that could cause this 

feature, along with the absence of features suggesting a developmental anomaly indicate 

trauma as the only cause of this depressed region.  Analysis of this case in light of the 

preceding one provides a good comparison. 

Case Report No. 4-11 
Crocodylus porosus ~adult (Saltwater Crocodile)  
QM J22550 – Karumba, Qld, Australia 

There is a smooth bowl shaped depression 1.00cm in diameter on the caudal left 

palatine element approximately 0.75cm to the mid-line palatal suture and 2.00cm from 

the palatine-pterygoid articulation (Figure 4.12).  

Diagnostic Interpretation:  As seen in earlier specimens, this feature is probably a 

depression fracture from penetrating feeding trauma or intraspecific fighting which is 

typical of adult males, but no gender information could be ascertained.  Granulomatous 

stomatitis (Mehler & Bennett, 2003) is an alternative to this diagnosis; however, there are 

no other lesions in the palate.  

Inflammatory  
 

Case Report No. 4-12 
Crocodylus porosus ~sub-adult (Saltwater Crocodile) 
QM J47446 – Qld., Australia 
 

A large smooth depressed region (Figure 4.13) measuring 3.60cm RC, 4.54cm 

ML, and approximately 0.20 cm deep at the lowest point is present on the left pterygoid 

element that distorts the associated nutrient foramen and the interior of the foramen 



  
 

71 

magnum. Approximately 2.00cm lateral to this on the right side past the midline suture is 

an additional suture of unknown cause, which has created an additional 7.00cm RC bone 

of the palatal roof. 

Diagnostic Interpretation: The large depression on the left pterygoid element 

indicates the presence of a space occupying mass in the oral mucosa.  Such a mass was 

removed from the throat of a mugger crocodile at the New York Zoological Society 

(Russo, 1979) and proved to be a granulomatous polyp.  Fibrosarcomas are also known to 

occur in the palate (Janert, 1998), however, they are associated with osseous erosion. 

The presence of a substantial depression, deformation of the foramen magnum 

and formation of additional suture lines is suggestive of long-term growth of a 

heterophilic granuloma (Montali, 1988) during development of the individual.  However, 

the estimation of this individual’s age as a sub-adult indicates that the time of growth 

must have been limited. 

Case Report No. 4-13 
Caiman crocodilus ~adult (Spectacled Caiman) 
AMNH 45114 - No Locality 

Located approximately 3.00 cm caudal to the mandibular symphysis on the 

ventral aspect are two symmetrically distributed nodular skin lesions which measure 

0.80cm in diameter (Figure 4.14).  These lesions appear encrusted and superficial with 

moderate emargination.  2.80 cm caudal to the right side lesion is a smaller lesion about 

0.20cm in diameter, and there is another larger lesion 1.00cm caudal to the left side lesion 

which is 0.40cm in diameter.  There is an area of discoloration at the mandibular 

symphysis, but no evidence of an ongoing pathological process.  No other lesions were 
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present on the head or body.  The lesions show moderate to extreme discoloration in 

comparison to the surrounding skin tone, but the preservation of the specimen in fluid 

may have had effects on the pigmentation of certain features. 

Diagnostic Interpretation: The skin in crocodilians is prone to numerous traumatic 

insults (Huchzermeyer, 2003), however, these lesions do not resemble trauma.  Parasites 

are common in many tropical animals, but the only major evidence of skin parasites 

comes from zigzag tracks noticed on the crocodilian ventral surface in Australia 

(Montague, 1984).  Caimans are noted to suffer from a host-specific poxvirus which has 

nodular lesions of a similar size range and distribution (Mehler & Bennett, 2003).  The 

possibility, however, of disseminated granulomatous inflammatory process should not be 

ruled out.   

Case Report No. 4-14 
Caiman crocodilus ~adult (Spectacled Caiman) 
USNM 317866-Chepo, Panama, April, 1991 
 

This individual was collected from a cow pasture.  The right mandibular-quadrate 

articulation has a unique anomaly.  The articular element is deformed with a ventral 

deflection of the rostral surface (Figure 4.15a).  Laterally, the articular element bears a 

cup-like structure measuring 0.53cm RC and 0.83cm ML (the joint was once fused here) 

formed of walled off bone arising from the articular surface which was broken open 

postmortem.  The chamber within has pocketed regions.  The overlying quadrate element 

(Figure 4.15b)appears to have the upper half of the structure which is a depression 

surrounding a bone spicule.  Around the spicule are white clumps of organic matter not 
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seen elsewhere on the specimen.  Posterior to the anomaly is a region of highly porous 

bone.  

 The radiographs of the abnormal chamber indicate that its ventral aspect (i.e. that 

part arising from the articular element) is composed of lower density bone than the 

majority of the surrounding bone in the articular element (Figure 4.15c).  The dorsal 

aspect descending from the quadrate element has a similar lower density.  

Diagnostic Interpretation: The presence of a surrounding sheath of bone suggests 

a chronic process as does the fusion of the joint.  The white granules found within could 

be the remains of caseous exudate from the lesion, which is typical of the inflammatory 

response in crocodilians (Tizard, 1987). The bony spicules found within the lesion could 

result from the erosive processes of osteomyelitis.    Unlike the encapsulated lesions 

found in domestic ungulates with tuberculosis (Baker & Brothwell, 1980), in crocodiles 

tuberculosis causes granulomatous lesions in the bone that can lead to osteomyelitis 

(Mehler & Bennett, 2003).  The cause of this lesion cannot necessarily be differentiated 

between osteomyelitis from tuberculosis or from another source. However, the 

individual’s proximity to a cow pasture suggests the possibility of zoonotic transmission 

of tuberculosis.  The first reported outbreak of M. bovis occurred in 1997 (Cedeño et al., 

2005); however, tuberculosis was endemic in the human population in the early 1990’s 

(Pan American Health Organization, 1998). 

 
 
 
 
 
 
 

A. 
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Case Report No. 4-15 
Alligator mississippiensis ~adult (American Alligator)  
AMNH 40582-Alligator Lake, Florida 1929 
 

On the quadrate-articular jaw joint there are numerous pockets of resorption 

measuring approximately 0.50cm to 1.20cm in diameter with areas of new bone 

deposition and porous bone (Figure 4.16).  The depressed areas are highly honeycombed 

with abnormal pits, one of which is perforative on the articular element.  

Diagnostic Interpretation:  This feature best resembles osteomyelitis (Weisbrode 

& Doige, 2000), although osteomyelitis in ‘reptiles’ does not cause a proliferative 

response (Montali, 1988).  The type of infection that caused this feature is hard to 

pinpoint.  Many infectious pathogens are harbored within the crocodilian mouth 

(Huchzermeyer, 2003), however, these usually affect them when the immune system is 

compromised.  It is possible that immunocompromise or cold weather could have led to 

infection via proliferation into the joint of bacterial or fungal flora that typically cause 

stomatitis (Mehler & Bennett, 2003).  Other differentials include direct inoculation of the 

joint with a bacterial or fungal pathogen causing infectious arthritis (Youngprapakorn, 

1994). 

Case Report No. 4-16 
Alligator mississippiensis ♀ adult (American Alligator)  
USNM 209877-Pecan Island, Vermillion, Louisiana  October, 1975 
 

This individual was collected from a freshwater marsh.  One small pitted 

depression (0.56cm RC, 0.24cm ML) is evident on the right palatine element 

approximately 0.50cm lateral to the midline suture (4.17b) and  another small depression 
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(0.47cm RC, 0.26cm ML)  is smooth and located on the rostral maxillary palatal surface 

approximately 0.60cm lateral to the midline suture (Figure 4.17a). 

Diagnostic Interpretation:  These lesions could be consistent with the secondary 

erosions of any granulomatous infection resulting from stomatitis of the oral cavity of 

which there are bacterial, fungal and viral types (Mehler & Bennett, 2003).  Given the 

small size of poxvirus lesions (Huchzermeyer pers. comm., 2006) and the superficial 

nature of many fungal stomatitis infections (Nevarez, 2006), the likely diagnosis is either 

a bacterial stomatitis or necrosis from Fusarium sp. infection (Hibberd & Harrower, 

1993).  The limited nature of these lesions suggests a bacterial stomatitis which is 

supported by the immunocompromise associated with colder months (Montali, 1988). 

 
Case Report No. 4-17 
Alligator mississippiensis adult (American Alligator)  
USNM 209869-Vicinity of Pecan Island, Cameron, Louisiana  October, 1975  
 

There is a small pitted depression 2.64cm medial to the left 11th alveolus on the 

palate measuring 0.41cm RC and 0.29cm ML. 

Diagnostic Interpretation:  As with case report no. 4-16,  this lesion is probably 

the secondary result of some type of stomatitis, however the type cannot be resolved due 

to the lack of supporting evidence.  As with the previous case, the possibility of stomatitis 

is supported by seasonal immunocompromise during the colder months (ibid). 
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Case Report No. 4-18 
Alligator mississippiensis adult (American Alligator)  
USNM 211232-Monroe, Key West, Florida 
 

There is a small lesion measuring 0.58cm RC and 0.34cm ML with a thickened 

outer rim of bone and exposed trabecular bone at its center 2.22cm medial to the left 9th 

alveolus on the palate (Figure 4.18). 

Diagnostic Interpretation:  This appears to be an erosive plaque from stomatitis as 

is the case with case report no’s. 4-16 and 4-17.  The type of infection cannot be 

identified. 

Case Report No.’s 4-19, 20, 21 
Alligator mississippiensis ~juvenile (American Alligator) AMNH 40580- Alligator Lake, 
FL. 1929, Caiman yacare  (Yacare Caiman) AMNH 102322 – Parana River, Brazil, 
Crocodylus porosus (Saltwater Crocodile) QM J47474 – Qld., Australia 
 

The mandibular teeth in these specimens are rotated outwards (Figure 4.19). 

Diagnostic Interpretation:  Rotation of the teeth outwards is typically a 

developmental disorder associated with periodontal infection by Fusarium sp. fungal 

pathogen  (Hibberd & Harrower, 1993) or osteomalacia (Huchzermeyer, 2003).  

Osteomalacia is most often found in captive individuals and results from incorrect 

nutritional supplementation.   However because these specimens were wild, a fungal 

periodontitis is suspected. 

Case Report No. 4-22 
Crocodylus porosus ~adult (Saltwater Crocodile) 
QM J39283 – Qld., Australia 

At the mandibular symphysis on the lingual aspect there is a shallow patch of 

eroded periosteum and cortical bone (Figure 4.20a) measuring 1.61cm RC, 2.46cm ML 
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and 0.69cm in depth.  There is another patch of eroded bone 5.00 cm caudal to this area 

measuring 4.51cm RC, 0.47cm ML and .38cm in depth.  On the buccal aspect of the left 

dentary element there are two wavy lines of smooth periosteal reactive bone above the 

articulation of the dentary element to the surangular elemen (Figure 4.20b) and 

measuring 5.19cm RC and 0.72cm DV and the other below the surangular-dentary 

articulation and measuring 11.42cm RC and 0.93cm DV.  On the right dentary element 

towards the caudal end of the buccal aspect there are two small ridges measuring 0.91cm 

RC, 1.13cm DV and 0.60cm RC, 0.71cm DV respectively (Figure 4.20c). 

Diagnostic Interpretation: There are two different processes going on in this 

specimen.  The  ridges are most likely periosteal reactive bone resulting from minor 

trauma that is consistently seen in crocodilians resulting from either intraspecific combat 

(Huchzermeyer, 2003), or from any other form of superficial trauma. 

   The shallow patch of eroded bone is probably the result of an overlying 

dermatitis.  This type of process was identified as ‘necrotizing dermatitis’ on a crocodile 

scute from Diplocynodon (Wolff et al., 2006), and can be the result of a fungal dermatitis.  

Several crocodilian fluid specimens and live crocodilians in Australia were personally 

observed with diffuse palatal dermatitis.  Other possibilities could include osteoporosis or 

stomatitis (Mehler & Bennett, 2003). 
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Case Report No. 4-23 
Melanosuchus niger ~adult (Black Caiman) 
AMNH 58130 – Rio Ucayali, Peru 

There is a 1.50 cm in diameter roughened, porous area of periosteum on the left 

maxillary palatal surface approximately 2.00cm lateral to the mid-line suture (Figure 

4.21).   

Diagnostic Interpretation:  The roughened area could relate to ‘necrotizing 

dermatitis’ mentioned in the previous case, osteoporosis or the secondary effects of 

stomatitis. 

Case Report No. 4-24 
Alligator mississippiensis adult (American Alligator) 
USNM 211245 Montgomery, Texas 

A lesion with rough edges and a halo of altered density bone is found 4.90cm 

medial to the right 15th alveolus.  The lesion is roughly circular and measures 0.74cm ML 

x 0.95cm RC (Figure 4.22). 

Diagnostic Interpretation: This lesion appears to be similar to the necrotizing 

dermatitis diagnosed in the distal mandible of case report no. 4-22. 

Congenital/Developmental 
 

Case Report No. 4-25 
Melanosuchus niger ~adult (Black Caiman) 
AMNH 58130 – Rio Ucayali, Peru 

There is a small proliferative extension of bone measuring 1.62cm RC, 1.04cm 

ML, and 0.30 cm in elevation arising from the palatine element, approximately 1.00 cm 

lateral to the palatal fenestra (Figure 4.23).   
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Diagnostic Interpretation:   The overgrowth of bone at the midline suture has not 

been reported in any crocodilian specimens, although similar bony proliferations can be 

seen on the buccal aspect of the mandible of a Tyrannosaurus rex (case report no. 5-17).  

This should be classed as an idiopathic proliferative response.  Certain metabolic 

disorders such as osteopetrosis (Weisbrode & Doige, 2000) cause abnormal proliferation, 

but these typically occur in the long bones of domesticates (Baker & Brothwell, 1980) 

and chickens (Saif, 2003).  This case might represent one of the first reports of 

osteopetrosis in a crocodilian, and the first from the oral cavity.  However, there is too 

little supporting evidence from the skeleton to fully substantiate such a claim. 

Individual Variation 
 

Case Report No. 4-26 
Crocodylus acutus ~sub-adult (American Crocodile) 
AMNH 7121 – No Locality Given 

A dual nutrient foramen measuring approximately 1.00cm RC and 0.20cm DV 

with thin smooth edges is present on the left splenial element at the articulation with the 

angular and surangular elements approximately 1.75 cm ventral to the dorsal aspect of the 

mandible (Figure 4.24). 

Diagnostic Interpretation:   This feature likely results from individual variation in 

the branching pattern of the blood vessel coming out of the splenial foramen during 

development.   No report of associated pathology is present in the literature.  However, 

angiogenesis can be a characteristic of neoplastic conditions (Kumar et al., 2006), yet no 

supporting evidence of such a feature is present. 
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Case Report No. 4-27 
Caiman yacare ~adult (Yacare Caiman)  
AMNH 97332- Rio Mamore, Beni, Bolivia July 10, 1965 
 

The left splenial has a dual nutrient foramen measuring about 1.50cm in total 

length along the mid-section of the element.  The rostral end of the left splenial has an 

area of sclerotic, mildly exostotic bone about 0.75cm long (Figure 4.25). 

Diagnostic Interpretation: This feature likely results from individual variation in 

the branching pattern of the blood vessel coming out of the splenial foramen during 

development.  

Case Report No. 4-28 
Crocodylus acutus ~sub-adult (American Crocodile)  
AMNH 43299- Biscayne Bay, Florida (New York Zoological Society) 
 

The abnormality measures 0.91cm RC, 0.18cm ML and 0.74cm deep and appears 

as a concave depression in the maxillary palate adjoining the midline suture that looks 

like an infolding.  The caudal portion of the cavity has a singular deep fold into the bone 

surface.  The rostral edge of the lesion has three abnormal striations, two of which are 

porous.  The medial edge of the erosion has one narrow and one large striation also 

characterized by porous bone.  Bone texture is re-oriented in the bone surrounding the 

lesion (Figure 4.26 a, b).   

Diagnostic Interpretation: The appearance of this ‘lesion’ is similar to the 

abnormally developed nutrient foramina seen in case report no. 4-1.  As there is no 

trauma associated with this feature, it appears to be a case of individual variation.  This 

abnormality has only been noted in sub-adult individuals. 
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Degenerative 
 

Case Report No. 4-29 
Crocodylus porosus (Saltwater Crocodile) 
USNM 164811 Sri Lanka 

Disseminated porous surface texture is present on the dorsal aspect of the 

cranium.  

Diagnostic Interpretation:   The distributed porous bone on the skull roof and the 

right dentary element probably relate to osteopenia.  Osteoporosis has been described in 

crocodilians, although the description is only related to teeth (Huchzermeyer, 2003).  

However, the resorptive features on this skull show strong affinity to osteoporosis in non-

archosaurs (Weisbrode & Doige, 2000).  Because this disease has not been described in 

this form in crocodilians, the diagnosis is limited to osteopenia on the basis of reduced 

bone density.  

Case Report No. 4-30 
Crocodylus acutus ~sub-adult (American Crocodile) 
AMNH 15175 – No Locality Given 

On the palatal surface of the left maxilla element 1.00cm medial to the dental 

arcade is a jagged depression in the surface of the bone measuring 1.46cm RC, 0.83cm 

ML, and 0.30cm deep surrounded by a lattice-work of proliferative and resorptive bone 

(Figure 4.27).  On the edge of the abnormal bony region are five small pits approximately 

1.00mm in diameter.  

Diagnostic Interpretation: This lesion strongly resembles the one seen on the 

dorsal cranium of case report no. 4-28 associated with osteoporosis.  Since no associated 

lesions can be found which corroborate this diagnosis, however, it is not considered 
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viable.  The estimated age of sub-adult for this specimen also suggests that osteopenia of 

a different type rather than osteoporosis is the reason for these features. 

Case Report No. 4-31 
Crocodylus porosus adult (Saltwater Crocodile)  
USNM 509454-East Sepik Province, Papua New Guinea 
 

Numerous porous areas are present on the buccal aspect of the right dentary 

element (Figure 4.28).  An indented groove measuring 1.06cm RC and 3.96cm DV is also 

present crossing the dentary-surangular articulation.  Approximately 3.00cm caudal to 

this is a curved ridge of periosteal reactive bone 6.50cm long.  On the left palatine 

element there is a rectangular hole 1.75 cm lateral to the midline suture and 1.20cm 

rostral to the palatine-pterygoid articulation measuring 1.77cm RC, 1.01cm ML and 

1.95cm in depth whose margins are smooth and striated (Figure 4.29).  The skull roof 

shows disseminated regions of porosity and some associated gouging. 

Diagnostic Interpretation:  The porous bone on the skull roof and the right dentary 

element are probably present due to osteoporosis and represent a generalized reduction in 

bone density due to altered metabolism.  This is the most prominent pathology and is 

consistent with the approximate age of the individual. 

The indented groove and periosteal reaction are likely the result of head biting 

which is common in other crocodilian specimens from this survey. 

 The rectangular hole located in the palatine element belongs within a group of 

individuals showing the same feature, and is probably the result of a neoplastic process in 

the palate, although fibriscesses and granulomas (Mehler & Bennett, 2003) also form 

large masses in the palate.  The most likely diagnosis is fibrosarcoma, which is known to 
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be similarly situated in the palate and to cause extensive erosion (Janert, 1998).  Four 

other crocodilian specimens exhibit similar abnormalities in the palate. 

Neoplasia 
 

Case Report No. 4-32 
Crocodylus novaeguiniae ~adult (New Guinea Crocodile) USNM 211290 
Balimo, Aramia River Lagoon, Western Province, Papua New Guinea, November, 1977 
 

A circular hole measuring 0.90cm RC and 0.89cm ML is evident on the lingual 

aspect 0.86cm medial to the dental arcade between the sixth and seventh alveolus (Figure 

4.30a). The edges of the erosion are porous as are distributed regions around the palatal 

surface and may in fact be a taphonomic artifact.  Within the opening there are remnants 

of attached trabecular bone protruding into the cavity.  No gunshot trauma is suspected, 

however. 

There is also a circular hole on the skull roof communicating with the eighth 

alveolus on the buccal aspect (Figure 4.30b).  This hole measures 1.42cm RC and 1.08cm 

ML and is surrounded by porous bone with a 1.87cm RC and 1.17cm ML outer diameter 

relative to the perforation.  The interior of the dorsal side of the cavity is highly porous 

and erosive in character. The alveolus appears normal with no significant loss in bone 

density. A channel of eroded bone measuring 0.67cm RC and 5.50cm ML extends out 

from the hole and is continued out into a medial-lateral line passing from the left maxilla 

element over the nasals.  Superficial ornament and periosteum are missing but underlying 

nutrient foramina remain intact.   

Diagnostic Interpretation: A fibriscess (Huchzermeyer, 2003) could be the 

possible cause of this feature, in which case a space occupying mass surrounded by some 
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necrosis would have been present leading to the formation of these perforations.  

However, the presence of the erosional channel on the skull roof suggests against this.  

Whereas in mammals abscessation can lead to fistulas and drainage via channels on the 

surface of the bone, a channel forming in crocodilians suggests angiogenesis (Kumar et 

al., 2006) in a region.  Angiogenesis occurs around neoplasms in order to supply a 

growing tumor with nutrients. 

Case Report No. 4-33 
Caiman crocodilus ~adult (Spectacled Caiman) USNM 115335 
 

This skull has common holes developed in the skull roof and maxilla element to 

accommodate growth of the lower canines between the fifth and sixth and first and 

second alveoli on the premaxilla element bilaterally.  However, at the tenth alveolus on 

the right side, there is an abnormal opening (Figure 4.31) in the skull roof measuring 

0.30cm RC, 0.29cm DV.  This opening exposes the root and replacement teeth of the 

alveolus and is surrounded by a limited region of porous bone that extends 0.85cm 

caudally and is 0.16cm wide.  

Diagnostic Interpretation: Although numerous palatal erosions have been 

presented in the course of this survey of crocodilian oral pathology, this particular variety 

of erosion has only been seen in one other wild case.  This is case report no. 4-31, the 

individual with extensive erosion in the skull roof and a medial channel of porous bone 

crossing the midline of the skull.  This specimen was diagnosed as resulting from the 

growth of a fibriscess and ensuing angiogenesis into the region.  The pattern of porous 

bone rostral to the erosion suggests a similar process in USNM 115335. 
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Case Report No. 4-34 
Crocodylus porosus ~adult  (Saltwater Crocodile) 
QM unnumbered – Qld., Australia 
 

A transverse domed sclerotic region measuring 4.50cm RC, 3.00cm ML and 

0.80cm in elevation above the normal bone surface obscures the midline suture and 

causes its deviation beyond the articulation of the palatine and pterygoid elements on the 

left side (Figure 4.32).  The edges of the region are porous and the concave area is 

smooth. 

Diagnostic Interpretation:  The bowing out of bone in this region and 

displacement of the midline suture are indicators of potential neoplastic growth in the 

mucosa of the nasal passages directly overlying the region.  Radiographic analysis of this 

region was unavailable.  Other conditions which can contribute to bone deformity and 

swelling include a fibriscess or trauma as indicated in previous cases; however, neither is 

well supported for this case.  The formation of abnormal suturing, as discussed earlier, is 

hypothesized to occur in earlier development when the skull possesses greater plasticity. 

 
Case Report No. 4-35 
Caiman yacare ~adult (Yacare Caiman) 
AMNH 97332 – Rio Mamore, Beni, Bolivia 

A small erosive lesion  (Figure 4.33a) surrounded by porous pitted bone is located 

on the right pterygoid element 0.87cm from the choanae and approximately 0.50cm from 

the mid-line suture. Surrounding this porous bone are several small one millimeter 

diameter pits. 
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Approximately 3.00cm rostral to this feature is a 4.73cm long and 1.25cm wide 

opening in the palatine element adjoining the midline suture with smooth bone on the 

lateral and rostral aspect, remodeled resorptive bone on the medial aspect, and thinned 

porous bone on the caudal aspect.  Rostral to this feature is an abnormal fossa 1.25 cm 

wide perforation which extends over 2.00cm and contains a smaller round perforation 

with smooth edges measuring approximately 0.40cm in diameter at its rostral terminus 

(Figure 4.33b).  

Diagnostic Interpretation:  The opening in the palatine element is large in 

comparison with the skull size, and could be related to a neoplastic entity.   

Fibrosarcomas are known to cause palatal erosions (Janert, 1998) and the small 

perforative lesions could be remnants of nutrient arteries supplying the neoplasm.   It 

could also represent congenital anomaly leading to malformation of the bone, although 

this has not been reported. The associated groove in the bone suggests, however, that this 

is probably not a congenital deformity, but instead an involvement of the entire palate in 

this neoplastic process. 

Case Report No. 4-36 
Crocodylus porosus ~adult (Saltwater Crocodile)  
QM J58424-Weipa Area, Qld., Australia 
 

An erosive lesion is present on the left palatine element approximately 5.54cm 

from the pterygoid element has a depth of 1.06cm and measures 1.72cm RC, 1.80cm DV 

(Figure 4.34).   The margins of the lesion are striated with thickened edges.  The 

endocranial aspect of the secondary palate above the lesion feels sharp when palpated 
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through the erosion.  An additional erosion may be present rostral to this feature; 

however, it is obscured by the exhibit pedestal. 

Diagnostic Interpretation: This condition probably results from fibrosarcoma in 

the back of the palate (Janert, 1998). 

Case Report No. 4-37 
Paleosuchus palpebrosus ~juvenile (Cuvier’s Dwarf Caiman)  
AMNH 97327-Rondonia, Rio Itinez, Brazil - July 27, 1964 

A large full-thickness perforation measuring approximately 0.60cm RC and 

0.30ML with narrow smooth edges is present in the right palatine element approximately 

0.50cm rostral to the palatine-pterygoid suture (Figure 4.35).  

Diagnostic Interpretation: This lesion is consistent with other lesions in 

crocodilians diagnosed as resulting from fibrosarcoma (Janert, 1998). Another diagnostic 

possibility is penetrating trauma, but this can be dismissed on the basis of a lack of 

surrounding bone inflammation.  The lesion appears to be purely erosive, not 

proliferative. 

Anomalous  
 

Case Report No. 4-38 
Alligator mississippiensis adult (American Alligator) 
USNM 211229  Florida 

A symmetrical erosion measuring 1.73cm RC, 0.91cm ML and 0.60cm deep is 

located on the palatal suture between the palatine elements approximately 2.00cm caudal 

to the maxillary-palatine midline suture.  Trabecular bone is exposed at the bottom of the 

depression (Figure 4.36).   
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Diagnostic Interpretation:  Large erosive lesions in the palate could result from 

the development of an overlying neoplastic, granulomatous or fibriscess-type process.   

However, the appearance of this lesion is not consistent with those diagnosed to have 

been caused by the aforementioned processes.  The feature on this specimen is therefore 

classified as anomalous. 

Case Report No. 4-39 
Caiman yacare ~sub-adult (Yacare Caiman) 
USNM 281846-Lago Tumi Chucua, Beni, Bolivia, December 1981 
 

This individual was killed and discarded by hide hunters.  A hole is present in the 

palate measuring approximately 0.50cm RC and 0.50cm ML between the caudal and 

medial maxillary articulations with the palatine element approximately 0.20cm rostral to 

the maxillary-palatal suture (Figure 4.37). 

Diagnostic Interpretation:  The smooth, featureless nature of this anomaly makes 

diagnosis very difficult.  It could result from a congenital malformation, granulomatous 

inflammation, or a neoplasm, or simply individual variation in nutrient foramina.  

Because there is very little gross detail to this lesion, the cause remains unknown. 

Case Report No. 4-40 
Alligator mississippiensis adult (American Alligator)  
AMNH 9112-Florida - Aug. 8, 1917 
 

There is a ringed double tiered erosive lesion measuring 0.79cm RC, 0.66cm ML, 

and approximately 0.20cm deep in the right maxilla element 3.66cm medial to the dental 

arcade and 15.5cm rostral to the choanae.  The first ring of the lesion has a smooth, well-

defined edge, and the internal ring is jagged.  There is no continuation of the feature into 

the cranium (Figure 4.38). 
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Diagnostic Interpretation:   The rest of this skull has numerous areas of thinned 

bone which form perforative lesions, including the palatal margin of the alveoli in the 

upper jaw, where numerous tooth roots are exposed.  The possibilities for this condition 

are limited to acute or chronic idiopathic infection or osteoporosis.  As the surrounding 

bone density of the alveoli is diminished, osteoporosis could lead to this lesion, however, 

there is too little evidence to differentiate this condition from an infectious disease; 

therefore, this condition remains diagnostically unresolved. 

Case Report No. 4-41 
Caiman yacare ~sub-adult(Yacare Caiman)  
USNM 281837-Tumi Chucua, Beni, Bolivia, Dec. 1981 
 

This individual was killed and discarded by hide hunters. Numerous abnormalities 

are evident on the pterygoid elements in this specimen.  An area of mixed porosity exists 

on the left pterygoid element measuring 2.17cm RC and 1.48cm ML adjoining the left 

palatal fenestra and a nutrient foramen with associated blood vessel canal (Figure 4.39).  

A depression measuring 0.34cm RC and 0.46cm ML with a depth of 0.10cm at the left 

palatine-pterygoid suture has exposed trabecular bone.  There is a porous elevated 

medial-lateral ridge on the bone surface measuring 0.13cm RC and 0.11cm ML 

approximately 2.00cm rostral to the choanae on the left pterygoid element.   Another 

mixed porosity area measuring 0.13cm RC and 1.07cm ML is situated on the left 

pterygoid element adjacent to the quadrate articulation.  A porous spiculated region with 

exposed trabecular bone measuring 0.74cm RC and 0.44cm ML is also present near the 

choanae on the right pterygoid element.  There are also wide swaths of exposed 

trabecular bone on the right pterygoid element.   
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 Diagnostic Interpretation:  Although these abnormalities appear to have some 

relationship, the diagnosis is unclear. 

 

Case Report No. 4-42 
Crocodylus porosus ~adult (Saltwater Crocodile) 
QM J22550 – Karumba, Qld., Australia 
 

There is a perforation measuring 0.46cm RC, 0.28cm ML and 0.44cm deep, into 

the premaxillary palate with an irregular creased margin and caudal to this region is a 

small rugose proliferative area approximately 0.40cm RC and 0.30 cm ML (Figure 4.40). 

Diagnostic Interpretation: This lesion resembles those identified as individual 

variations of nutrient foramina.  However, the margins of the lesion, and the rugose 

region adjoining it do not support that diagnosis.  Of the other diagnostic possibilities, 

namely trauma and infection, infection is the most likely cause, although a description for 

such an infection has not been reported. 

Taphonomic 
 

Case Report No. 4-43 
Crocodylus porosus ~adult (Saltwater Crocodile)  
QM J22550 – Karumba, Qld., Australia 
 

Diffuse patches of eroded periosteum approximately 0.25-1.50 cm RC and  0.25-

1.00 cm ML cover the surface of the palate (Figure 4.41).   

Diagnostic Interpretation:  The patches of eroded bone would ordinarily be seen 

as evidence of osteoporosis in this individual, however, the curator at the Queensland 

Museum indicated that this specimen was over processed during maceration.  The porous 
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regions on this palate are probably due to chemical deterioration of the bone, and can 

therefore be considered a taphonomic artifact.  

Fossil Taxon Types 

 Several specimens of Hemphillian aged Alligator mississippiensis specimens 

exhibited abnormalities similar to both modern crocodilians and dinosaurs discussed in 

Chapter 5.  These case reports are discussed in this final section. 

Inflammatory 

Case Report No. 4-44 
Alligator mississippiensis ~sub-adult (American Alligator)  
AMNH FR7931 – Alachua Clays, Early Hemphillian, Mixson’s Bonebed, Florida. 
 

A bowl-shaped smooth depression measuring 0.91cm RC, .714cm ML and .33cm 

in depth is present at the midline on the lateral aspect of this dentary element fragment 

along the caudal edge about 1.60cm dorsal to the ventral edge of the element. 

Diagnostic Interpretation:  This feature is similar to the “Type B” lesions 

described subsequently in tyrannosaurid jaws and is probably the result of either a 

fibriscess (Huchzermeyer, 2003) or tumor in the soft tissue overlying the site, a 

granuloma, or a non-extant crocodilian poxvirus affecting the area (ibid).  Given the 

limited breadth of tumor pathology in crocodilians, and the small size of poxvirus lesions, 

this feature probably results either from granulomatous inflammation or a fibriscess.  The 

deep circumscribed nature of the lesion favors the diagnosis of the feature as resulting 

from pressure erosion of an overlying fibriscess. 
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Congenital/Developmental 
 

Case Report No. 4-45, 46 
Alligator mississippiensis ~adult (American Alligator)  
AMNH FR 7909, ~adult AMNH FR 7919 – Alachua Clays, Early Hemphillian, Florida. 
 

A slight malalignment of the upper jaw is evident on the left dentary element in 

the form of a tooth-induced depression measuring about 1.75cm RC and 1.00cm ML 

approximately 0.50cm lateral to the alveolus (Figure 4.43).  

Diagnostic Interpretation: Lateral malalignment of the upper jaw is a common 

congenital deformity (Huchzermeyer, 2003).  Lateral displacement of the upper jaw is 

also a consequence of hyperparathyroidism (Mader, 2006).  A congenital explanation is 

favored, as nutritional secondary hyperparathyroidism is primarily related to poor 

husbandry.  It is an unlikely diagnosis for a wild crocodile, although renal dysfunction in 

an adult crocodile is possible.  

Case Report No. 4-47 
Alligator mississippiensis ~sub-adult (American Alligator)  
AMNH FR7926a-Alachua Clays, Early Hemphillian, Florida 
 

The left dentary element possesses a supernumerary alveolus located about 

1.00cm medial to a normal alveolus. The alveolus itself appears to have been non-

functional, as no tooth or typical bony texture of the alveolus is seen (Figure 4.44).   

Diagnostic Interpretation: Because the dentary element and its alveoli are formed 

in ovo, this is probably a congenital defect of the jaw.  Inconsistencies of tooth number 

have been reported in wild crocodilians (Webb & Manolis, 1984). 
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A.

 

 

B.

 
Figure 4.2. Crocodylus porosus (Saltwater Crocodile) QM 39284.  A. Resolution of 
penetrating wound to the palate. B. (overview) 
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C.

Figure 4.2. (continued) Crocodylus porosus (Saltwater Crocodile) QM 39284.  C. (close-
up)) Abnormal suturing of the palate probably developed due to traumatic injury during 
growth. 
 

 
 
Figure 4.3. Alligator mississippiensis (American Alligator) MOR OST 155. A small 
depression given the diagnostic interpretation of a depressed fracture is present on the 
caudal aspect of the left premaxilla. 
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Figure 4.4. Alligator mississippiensis (American Alligator) UWBM Herpetology.  An  
Exostosis can be visualized beneath the skin of the right mandibleproximal to the  
symphysis. 
 

 
A. 

 
Figure 4.5. Caiman yacare (Yacare Caiman) USNM 281832. A. Photograph of object 
embedded just dorsal to the hard palate. 
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B. 

 
Figure 4.5. (continued) Caiman yacare (Yacare Caiman) USNM 281832. B. Radiograph 
illustrating the uniform densityof the penetrating object.  The embedded object is bone 
not a tooth. 
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Figure 4.6. Crocodylus porosus (Saltwater Crocodile) QM 5005.  This image illustrates 
  the superficial wound on the lower right mandible of this adult specimen. 
 

 
 
Figure 4.7. Crocodylus porosus (Saltwater Crocodile) USNM 128685.  The left dentary, 
pictured here, exhibits superficial trauma and potential secondary infection. 
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Figure 4.8. Caiman yacare (Yacare Caiman) USNM 281830. An arcuate series of 
penetrating wounds seen here on the right dentary is probably indicative of antemortem 
injury, as no healing is evident. 
 

 
 
Figure 4.9. Alligator mississippiensis (American Alligator) USNM 211231.  A region of 
periosteal reactive bone is present but barely visible in the bottom central foreground of 
this photograph. 
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A.

B.

 
   Figure 4.10. Crocodylus intermedius  (Orinoco Crocodile) AMNH 8790.  A.  A    
   penetrating wound is evident on the right maxillary palate in the form of several arcuate 
   indentations. B. In line with the features seen in (A), the left dentary is fractured.  No  
   healing can be seen in the area surrounding these injuries and they are therefore  
   considered antemortem. 
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Figure 4.11. Alligator mississippiensis (American Alligator) UWBM Herpetology. 
This specimen has a w-shaped depression in the right maxillary palate. 
 

 
 
Figure 4.12. Crocodylus porosus (Saltwater Crocodile) QM J22550.  On the left palatine 
there is a smooth bowl-shaped depression which is probably the result of some type of  
penetrating/blunt force injury. 
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Figure 4.13. Crocodylus porosus (Saltwater Crocodile) QM J47446.  The left pterygoid 
has a large deformed region of depressed bone which alters the surrounding suturing 
patterns and deflects the edge of the foramen magnum. 
 

 
 

Figure 4,14. Caiman crocodilus (Spectacled Caiman) AMNH 45114.  Nodular lesions 
typical of a viral stomatitis are present on the left and right ventral mandible. 
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A.

 

 
B. 

 
Figure 4.15. Caiman crocodilus (Spectacled Caiman) USNM 317866.  Individual 
exhibiting suspected osteomyelitis of the articular-quadrate articulation. A. The right 
articular with cup-like structure. B. The right quadrate.   
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C. 

 
Figure 4.15. (continued) Caiman crocodilus (Spectacled Caiman) USNM 317866.  
Individual exhibiting suspected osteomyelitis of the articular-quadrate articulation. C. 
Ventral-dorsal radiograph. 
  



  
 

104 

 
 
Figure 4.16. Alligator mississippiensis (American Alligator) AMNH 40582.  Detail of the 
left quadrate articulatory surface with suspected osteomyelitis.  
 
 

 
A.

 
Figure 4.17. Alligator mississippiensis (American Alligator) USNM 209877 A. Small 
probable stomatitis lesion on the right maxillary palate. 
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B.

 
Figure 4.17. (continued) Alligator mississippiensis (American Alligator) USNM 209877 
B. Similar lesion on right palatine. 
 

 
 

Figure 4.18. Alligator mississippiensis (American Alligator) USNM 211232.  A small 
erosive lesion medial to the 9th alveolus appears to have resulted from an erosive 
stomatitis plaque. 
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Figure 4.19. Alligator mississippiensis (American Alligator) AMNH 40580. Tooth 
rotation in this specimen and in case reports 4-20 and 4-21 are likely the result of  
infection by Fusarium sp. during development. 
 

 

A. 

 
Figure 4.20. Crocodylus porosus (Saltwater Crocodile) QM J39283 A. Eroded bone on 
the interior of the mandibular symphysis characterized as necrotizing dermatitis. 
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B.

 

 

C.

 
Figure 4.20.(continued) Crocodylus porosus (Saltwater Crocodile) QM J39283 B. and C. 
Ridges representing superficial trauma to the mandible. 
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Figure 4.21. Melanosuchus niger (Black Caiman) AMNH 58130. A roughened patch of 
bone is present on the left maxillary palate that is interpreted as necrotizing dermatitis. 
 

 
 
Figure 4.22. Alligator mississippiensis (American Alligator) USNM 211245.  A small 
rough lesion medial o the 15th alveolus is also interpreted as the result of necrotizing 
dermatitis. 
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Figure 4.23. Melanosuchus niger (Black Caiman) AMNH 58130.  This small 
proliferative extension of bone from the palatal surface resembles the effects of 
osteopetrosis in domesticated species.  
 

 
 

Figure 4.24. Crocodylus acutus (American Crocodile) AMNH 7121.  A dual nutrient 
foramen is evident on the dorsal splenial probably due to individual variation. 
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Figure 4.25. Caiman yacare (Yacare Caiman) AMNH 97332. A dual nutrient foramen 
occurs on the mid-section of the splenial in this specimen probably due to individual  
variation. 
 

 

  A.

 
Figure 4.26. Crocodylus acutus (American Crocodile) AMNH 43299.  An individual 
variation on development of the nutrient foramen in the palate. 
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B.

 
Figure 4.26. (continued) Crocodylus acutus (American Crocodile) AMNH 43299.  An 
individual variation on development of the nutrient foramen in the palate. 
 

 
 

Figure 4.27. Crocodylus acutus (American Crocodile) AMNH 15175.  In the center 
foreground is a lesion of non-descript lowered bone density. 
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Figure 4.28. Crocodylus porosus (Saltwater Crocodile) USNM 509454.  Numerous 
porous areas on the lateral aspect of the right mandible and elsewhere on the skull are 
indicative of reduced bone density. 
 

 
 

Figure 4.29. Crocodylus porosus (Saltwater Crocodile) USNM 509454. This rectangular 
hole in the left palatine element is indicative of erosions caused by fibrosarcoma in 
another crocodilian case (Janert, 1998).  Other subsequent cases display similar features. 
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A.

 

 

B.

 
Figure 4.30. Crocodylus novaeguiniae (New Guinea Crocodile) USNM 211290 
A. This is a hole in the left palate with porous edges and fragments of bone visible 
within.  This may be a taphonomic artifact.  B. This lesion appears to have blood vessels 
supplying it suggesting a neoplastic process; however, it could not be diagnosed. 
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Figure 4.31. Caiman crocodilus  (Spectacled Caiman) USNM 115335.  An opening  
lateral to the tenth alveolus perforates the dorsal cranium.  The lesion suggests the 
development of a caseous abscess with ensuing angiogenesis due to the impression of a 
nutrient canal supplying the region. 
 

 
 
Figure 4.32. Crocodylus porosus (Saltwater Crocodile) QM unnumbered.  Deformation 
of the pterygoids and displacement of the midline suture, as well as surrounding 
remodeling of the bone in this specimen suggest an overlying neoplasm, or chronic 
process. 
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A.

 

 
B.

 
Figure 4.33. Caiman yacare  (Yacare Caiman) AMNH 97332.  An erosive lesion cranial 
to the choanae (A), and one on the proximal right palatine (B) lie on either side of a large 
erosive opening in the palate.  This erosion is similar to other cases in which 
fibrosarcoma was diagnosed, and the additional openings suggest abnormal nutrient 
foramina supplying a mass.   
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Figure 4.34. Crocodylus porosus (Saltwater Crocodile) QM J58424.  A large erosive 
lesion in the left palatine with a location in the caudal portion of the oral cavity is 
indicative of fibrosarcomatous erosion. 
 

 
 

Figure 4.35. Paleosuchus palpebrosus (Cuvier’s Dwarf Caiman) AMNH 97327. The 
morphology and appearance of the lesion in the same location as others interpreted 
fibrosarcomas in this study, suggests a fibrosarcoma in this case. 
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Figure 4.36. Alligator mississippiensis (American Alligator) USNM 211229.  An 
unknown type of ovoid smooth erosion between the palatines is present in this specimen.  
The cause is uncertain. 
 

 
 
Figure 4.37. Caiman yacare (Yacare Caiman) USNM 281846.  This Caiman is another 
specimen in which a mid-palatal ovoid erosion cannot be linked to any particular cause. 
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Figure 4.38.  Alligator mississippiensis (American Alligator) AMNH 9112.  There is a 
double-tiered erosive lesion on the right maxillary palate.  The cause of this lesion could 
not be identified. 
 

 
 

Figure 4.39. Caiman yacare (Yacare Caiman) USNM 281837.  Several areas of high or 
mixed porosity are present surrounding the choanae and dispersed on the pterygoid 
surface.  The cause is unclear. 
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Figure 4.40. Crocodylus porosus (Saltwater Crocodile) QM J22550.  A small perforation 
in the right premaxillary palate lies cranial to a minor region of rugose proliferative bone.  
The cause of both features is not known. 
 
 

 
 
Figure 4.41. Crocodylus porosus (Saltwater Crocodile) QM J22550.  Varied sized surface 
erosions probably result from chemical maceration of the bone (Couper pers. comm.. 
2005) and are therefore taphonomic in nature. 
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Figure 4.42. Alligator mississippiensis (American Alligator) AMNH FR7931.  A smooth 
bowl-shaped depression is evident on the lateral aspect of the dentary fragment that is 
interpreted as resulting from a fibriscess. 
 

 
 
Figure 4.43. Alligator mississippiensis (American Alligator) AMNH FR7909. A 
depression is present on the dorsal aspect of the left mandible indicative of malalignment 
of the upper jaw. 
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Figure 4.44. Alligator mississippiensis (American Alligator) AMNH 7919.  A depression 
is present on the dorsal aspect of the left mandible indicative of malalignment of the 
upper jaw. 
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CHAPTER 5 

PTEROSAUR AND NON- AVIAN DINOSAUR 

 CASE REPORTS AND DIAGNOSTIC INTERPRETATION 

Introduction 

 
 A total of 209 ornithischian and saurischian dinosaur individuals were examined.  

The tyrannosaurids, protoceratopsians, ceratopsians, and hadrosaurs chosen provided a 

sample of related species from the clade.  Some deviation from the typical sampling 

methodology exists within this chapter.  The tyrannosaurid examinations included only 

the mandible as part of the initial project.  Also, the ceratopsian individuals were studied 

as part of a joint project on cranial trauma; therefore, only the exterior of the skulls were 

examined.  Palates of mounted specimens were examined without discovery of abnormal 

specimens, but the presence of these individuals on display precluded measurement. 

Elements of the Dinosaurian Skull 

The dinosaurian skull is figured in the following photograph (Figure 5.1) with the 

different elements of the skull labeled.     

Age Estimations 

Due to the uncertainty of dinosaur age estimations, these were not included with 

the individuals. 

 
Case Report Numbering 
 

Case reports in this chapter are numbered according to chapter number and 

consective ordering.  Therefore, the first case is numbered (5 - 1). 
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Figure 5.1. The dinosaurian skull; A. hadrosaur, B. ceratopsian, C. tyrannosaur.  Abbreviations: d.= 
dentary, pd.= pre-dentary, max.= maxilla, pm.= premaxilla, sur.=surangular, ang.=angular, art.= 
articular, q.=quadrate, j.=jugal, sq.= squamosal, par.= parietal.  The pre-articular and splenial are not 
figured but are present adhering to the medial aspect of the post-dentary series in the jaw. 

C. 

B. 

A. 
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Pterosaur Oral Pathology Summary from Literature 

 
Bennett (2003) described numerous oral abnormalities in large pterydactyloid 

pterosaurs, although none of these descriptions bear specific diagnoses from the author. 

These conditions are almost solely described as possessing “necrosis” and “hyperplasia” 

which although useful to note, are treated as being diagnostic of trauma or infection, 

when in fact they are pathognomic observations of almost all bony abnormalities 

(Weisbrode & Doige, 2001) and therefore not specific to etiology.  All five cases 

described involve some variety of depression with or without surrounding pits, and 

varying levels of proliferative bone growth surrounding the feature. 

The presence of a depression with surrounding bone growth could indicate several 

different etiologies. In the case of trauma, a penetrating wound could cause a depressed 

fracture, and surrounding periosteal inflammation. If the cause were infectious, a fungal 

or bacterial infection could affect the mandible and lead to an eroded region (e.g. Tanke 

and Farke, 2007).  A depression could also result from the formation of a fibriscess or 

caseous necrotic nodule (Huchzermeyer, 2002) in the bone or soft tissue. A parasitic 

infestation like trichomoniasis could lead to circular erosions in the mandible as in 

raptors (Heidenreich, 1995).   An unlikely scenario for circulatory pathology could arise 

from an aneurysm in the region leading to localized necrosis or the impression of an 

aneurysmal mass on the bone surface, leading to a depression. A neoplasm, such as a 

benign osteoma (Reece, 1992), could have formed a well-emarginated mass which later 

detached from the bone surface during growth, leaving a depression and surrounding 

bone sclerosis.  A malignant growth such as a fibrosarcoma, could have formed in the 
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overlying flesh and led to pressure erosion or infiltration of the bone (Janert, 1998).   All 

of these scenarios could have happened in these cases. 

The figured abnormality (Bennett, 2003) on the medial surface of the mandible of 

Santanadactylus araripensis (BPM 1982 I. 89) which is a shallow eroded bowl with a 

ring of proliferative bone along its edge resembles a condition seen in the jaw of an 

Albertosaurus  (RTMP 1998.93.12) from the late Cretaceous of Alberta which bears a 

similar feature on the lateral aspect of the surangular. 

Five pterosaur specimens were viewed during the study, however, the size and 

importance of the group requires some comment on the nature of its oral pathology.  A 

survey (SEE APPENDIX B) was conducted of photographs of pterosaur skulls in the 

scientific literature, the Illustrated Encyclopedia of Pterosaurs (Wellnhofer, 1991), and 

two cranial CT scans from the digital morphology laboratory at University of Texas at 

Austin (www.digimorph.org). The skulls viewed in this literature survey span the breadth 

of pterosaur diversity at a low sampling level and therefore cannot be held to the 

sampling standards seen elsewhere in the study.  Also, fine-scale abnormalities were 

almost certainly missed during photographic interpretation.  Therefore, any conclusions 

can only be considered anecdotal in nature.  However, the case descriptive focus of this 

study should make even minor disease evidence useful for comparative purposes. 

Of the skulls examined through photographic and CT evidence, only one showed 

any evidence of abnormalities.  
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Case Report No. 5-1 
Rhamphorhynchus muensteri CM 11434 ( ) www.digimorph.org  

The right palatine has an approximately 0.50 cm circular depression reminiscent 

of small palatal depressions in crocodilians.  It is visible on coronal and rolling external 

CT imaging and has thickened bone surrounding it in cross section.  Features such as 

bone texture and superficial features could not be examined on this specimen, but the 

morphology of the lesion was sufficiently clear. 

Diagnostic Interpretation:   Having not seen this specimen in a photograph, any 

finite diagnosis would be too speculative.  However, this abnormality does resemble 

features resulting from a fibriscess (Huchzermeyer, 2003), one of the multiple stomatitis 

varieties with nodular lesions (Mehler et al., 2003), pressure erosion from a small 

neoplastic process or palatal trauma.      

Dinosaur Oral Pathology: Case Reports and Diagnostic Interpretation 

 
Dinosaurs were the nucleus of this study which began with a survey of oral 

pathology in the tyrannosaurids.  Numerous skulls have been viewed, but three 

representative taxa from within Saurischia and Ornithischia were chosen to be examined 

in further depth; tyrannosaurs, ornithopods and Triceratops.  The taxa are represented by 

numerous readily available specimens. 

Saurischians 

 
The saurischians chosen for this study were the tyrannosaurs because of the long 

research history concerning the group (Molnar, 2000), the reputed widespread occurrence 

http://www.digimorph.org/
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of abnormalities in the jaws of these animals (Carr pers. comm., 2002), the anatomical 

similarities to the crocodilian jaw (Brochu, 2003) and the phylogenetic position of 

tyrannosaurs close to the origin of birds (Holtz, 2001).  This set of cases has strong 

diagnostic connections to modern crocodilian and avian oral pathology.  

Trauma 
 

Case Report No. 5-2 
Aublysodon sp. RTMP 1985.62.01 

On the lateral aspect of the displaced right angular element approximately 1.00cm 

caudal to the rostral articulation with the dentary element there is a large callus measuring 

5.52cm RC, 7.91cm DV and 0.30cm in elevation above the bone surface.  The callus is 

composed of woven bone with irregular bumpy surface texture instead of a smooth 

periosteal exposure (Figure 5.2).   

 Diagnostic Interpretation:  This feature represents a simple fracture of the angular 

in a state of continued resolution of the callus.  The subsequent daspletosaur case report 

no. 5-3 exhibits a callus in a further state of resolution. 

Case Report No. 5-3 
Daspletosaurus sp. RTMP 2001.36.01 
Milk River,  Manyberries Locality, Alberta 

On the right angular element 17.25cm rostral to the caudal terminus of the 

element on the lateral aspect there is a deformity of the bone measuring 2.50cm RC, 

3.00cm DV and 0.30cm in elevation above the bone surface.  The feature is a broad non-

descript bulge which forms a spherical profile. 
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Diagnostic Interpretation:  This appears to be a partially resolved callus which is 

not evident on the medial aspect.  Although the mechanism of injury cannot be 

ascertained, the mode is a simple fracture, with ample resolution at the site.   

Case Report No. 5-4 
Tyrannosaurid sp. indet. RTMP 1987.46.01 

On the right dentary element on the lateral aspect approximately 12.00cm caudal 

to the rostral terminus of the element there is a broad deep indentation measuring 

approximately 0.75cm RC and 1.50cm DV.  3.00cm caudal to this feature is another 

indentation which measures approximately 0.20cm RC and 2.50cm DV.  Neither 

indentation shows any sign of surrounding remodeling.  Both are oriented at a 

approximately 15 degree rostro-ventral diagonal angle (Figure 5.3). 

Diagnostic Interpretation:  These superficial traumatic features could result from 

one of several causes.  Either these are perimortal predatory or cannibalistic bite marks, 

post-mortem predatory traces, or remnants of perimortal face biting (Tanke & Currie, 

1998).    Given the status of this individual as a juvenile, intraspecific combat can be 

dismissed.    The further differentiation of bite marks from predatory traces in the absence 

of healing is impossible. 

Case Report No. 5-5 
Gorgosaurus sp. RTMP 1986.49.29  
Judith River Formation, Dinosaur Provincial Park, Alberta 
 

On the lateral aspect of the right dentary element approximately 19.00cm rostral 

to the caudal terminus is a small rostro-caudal ventral diagonal indentation measuring 



  
 

129 

approximately 0.50cm RC and 1.20cm DV.  The feature has no evident remodeling 

surrounding it (Figure 5.4). 

Case Report No. 5-6 
Albertosaurus sp. RTMP 2003.45.84 
Albertosaurus Bone Bed, Horseshoe Canyon, Alberta 
 

On the lateral aspect of the left dentary element there is an approximately 35 

degree angled dorso-caudal indentation measuring approximately 0.50cm RC and 5.00cm 

DV (Figure 5.5).  There is no sign of surrounding remodeling or reactive bone (Figure 

5.5). 

Grouped Diagnostic Interpretation for cases 5-5, 5-6:  In cases with indentations 

and no associated remodeling, ante or postmortem bite trauma can be suspected.  The 

resolution of predation/scavenging from a true wound is not possible.  Other more 

mundane explanations for this feature such as pressure from an overlying rock are also 

possible. 

Case Report No. 5-7 
Tyrannosaurid sp. indet. RTMP 2002.12.101  

The lateral aspect of the left dentary element has two ridges of periosteal reactive 

bone (Figure 5.6A,B).  One ridge is located approximately 0.80cm caudal to the 

mandibular symphysis at its base  and is at an approximately 45 degree rostro-dorsal 

angle.   It measures 0.45cm RC, 6.88cm DV and is 0.10cm in elevation above the normal 

bone surface.  This ridge has a slight furrow in the center.  The other ridge is located 

20.75cm caudal to the mandibular symphysis and at an approximately 50 degree rostro-

dorsal angle.  It measures 0.10cm RC, 3.85cm DV and has a 0.10cm relief.  There is a 
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surrounding 0.50cm zone of altered bone texture.  Approximately 3.00cm dorsal to the 

ventral extreme of this ridge there is a 0.50 cm diameter hole in the ridge which has been 

filled in by matrix.  The surrounding bone texture has radiating lines out from the hole.

 Diagnostic Interpretation:  Bite wounds are often hypothesized anecdotally in 

tyrannosaur specimens; however, the orientation and broad spacing of these two 

periosteal reactive ridges compares well with the specimens identified in Tanke and 

Currie’s (2000) work on head biting in tyrannosaurids.  In addition, the presence of a hole 

in the second ridge with surrounding additional alteration suggests possible tooth 

penetration into the bone at this point.  Other scenarios for these wounds include 

struggling prey or injuries associated with feeding on carcasses with sharp exposed bone. 

Inflammatory 

Case Report No. 5-8 
Albertosaurus sarcophagus  RTMP 1981.10.01 Trochu, Alberta 

On the lateral aspect of the left surangular element approximately 15.00cm caudal 

to the rostral articulation there are two associated features(Figure 5.7).  The first is a slit-

shaped lesion approximately 6.00cm rostral to the surangular fenestra that measures 

approximately 1.80cm RC and 0.20cm ML with smooth, tapered edges.  The lesion is 

obscured by diagenetic fracturing and overlapping of surrounding fragments of the 

surangular.  Approximately 1.20cm rostral to this first lesion and 1.00cm dorsal to it is an 

approximately 7.00cm RC and 4.00cm DV region of highly rugose remodeled bone with 

radiating folds that extend out from the region of the first lesion. 
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Case Report No. 5-9 
Tyrannosaurus rex AMNH 5029  
Hell Creek Formation, Montana 

On the right angular element approximately 1.50cm ventral to the dorsal 

articulation there is a large erosive lesion measuring approximately 0.80cm RC and 

2.50cm DV with smooth tapered edges and a semi-rectangular profile.  There is no 

significant bone remodeling surrounding this lesion (Figure 5.8). 

Case Report No. 5-10 
Daspletosaurus sp.  RTMP 1994.143.1  
Quarry 215, Dinosaur Provincial Park, Alberta 

There are two erosive lesions on the lateral aspect of the right surangular element 

(Figure 5.9).   The first lesion is located 3.34cm rostral to the surangular fenestra, 

measures approximately 1.20cm RC and 0.25cm DV and has a 45 degree rostral-dorsal 

orientation. The second lesion is located 6.65cm rostral to the surangular fenestra 

measures approximately 1.0cm RC and 0.2cm DV and has a 45 degree caudal-dorsal 

orientation.  Both lesions exhibit smooth edges and no surrounding remodeling. 

Case Report No. 5-11 
Gorgosaurus sp. RTMP 2002.12.11 
Dinosaur Park, Alberta 

On the lateral aspect of the left dentary element approximately 2.00cm rostral to 

the surangular element articulation there is a resorptive lesion measuring approximately 

1.50cm RC and 2.30cm DV.  The lesion has smooth well-rounded edges and no evidence 

of surrounding remodeling (Figure 5.10). 
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Case Report No. 5-12 
Tyrannosaurus rex MOR 1125  
B-Rex Site, Hell Creek Formation, Fort Peck Lake, near Jordan, MT. 2002 
 

On the lateral aspect of the right dentary element 23.5cm rostral to the surangular 

element articulation and 8.25cm dorsal to the ventral edge is a circular full thickness 

perforative lesion measuring 1.43cm RC and 1.36cm DV.  The lesion has smooth tapered 

edges and a surrounding region of depressed bone measuring 4.51cm RC and 3.77cm 

DV.  There is no apparent surrounding remodeling of the bone surface (Figure 5.11).

 Taphonomic Interpretation:  The surrounding depression of the bone surface 

initially appears diagnostic of some process affecting the bone surrounding the lesion; 

however, the surrounding diagenetic fracturing of the bone indicates a longitudinal axis 

of compressive stress.  Stress applied to the circular lesion during burial probably caused 

the surrounding strain deformation of the bone surface profile, not a disease process. 

Case Report No. 5-13 
Daspletosaurus sp.  RTMP 2001.36.01 
Milk River, Manyberries Locality, Alberta 
 

On the medial aspect of the right pre-articular element at the caudal articulation 

there is a small circular erosive lesion measuring 0.46cm RC, 0.23cm ML and 0.31cm 

DV.  The edges of the lesion are smooth and well-rounded (Figure 5.12A). 

There is also an ovate erosive lesion located approximately 5.4cm caudal to the 

rostral articulation of the left surangular element.  The lesion measures 1.03cm RC and 

199cm DV and has thin tapered rounded edges and a thickened surrounding rim.  

Associated with the caudal edge of the lesion is an approximately 7.00cm DV thickened 

double ridge  with an 1.00cm central furrow terminating into a full thickness post-mortem 
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fracture through the surangular.  The associated bone texture is blocky within the furrow 

and smooth and unremodeled on either side (Figure 5.12B).  

On the medial aspect of the right surangular element there are four full thickness 

ovate perforations visible ranging in size from approximately 0.50-1.20cm in diameter 

and one slit-like perforation 3.00cm RC and 0.20cm DV.  The edges of these lesions are 

smooth and tapered, and the slit-like lesion appears to be two adjoining ovate lesions 

which have coalesced (Figure 5.12C). 

Case Report No. 5-14 
Tyrannosaurid sp. indet.  RTMP 1998.93.12 
Dinosaur Park, Alberta 

A perforative lesion 2.80cm caudal to the rostral surangular articulation 

measuring 1.15cm RC and 0.29cm DV.  This lesion has a blocky ovate shape with 

smooth edges and some thickening of the bone along the rostral edge (Figure 5.13). 

 Grouped Diagnostic Interpretation for Case Report No’s. 5-8 to 5-14:  The pattern 

of presentation for these individuals is similar.  All have a perforative lesion, or more 

than one in some cases, which varies in morphology from slit-like to an ovate opening 

with tapered rounded edges and little surrounding remodeling.  Two notable exceptions 

to this pattern are the sclerotic ridge adjoining the lesion in case report no. 5-13 and the 

area of highly rugose bone surrounding case report no. 5-8.  This style of lesion was 

originally designated a “Type A” lesion in the initial phases of this project. 

 Although diseases exist in crocodilians which do have the potential of creating 

perforations in the mandible (i.e. fibriscess, poxvirus, Fusarium periodontitis), the 

distribution and character of lesions in these diseases does not resemble the “Type A” 
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lesion.  In avians two diseases cause pertinent lesions within the mandible: capilliariasis 

(Cooper, 2002) and trichomoniasis (Heidenreich, 1995).  Trichomoniasis is the only 

disease of the two which produces sizeable space-occupying granulomas within the 

mandible that could cause the types of lesions seen within these individuals.  

Trichomoniasis is a granulomatous erosive stomatitis typically acquired from affected 

prey animals, and is acquired by raptors from ingesting columbiformes (ibid).  The 

presence of regional rugose bone in case report no. 5-8 may represent development of 

surrounding necrosis as a complication of the infection.  In the case of case report no. 5-

13 the location of the furrowed ridge is considered coincidental and related to superficial 

trauma. 

Case Report No. 5-15 
Daspletosaurus sp. RTMP 1967.9.164 
Judith River Formation, Dinosaur Provincial Park, Alberta 
 

On the left dentary element 24.00cm rostral to the surangular element articulation 

there are four abnormal features aligned along the medial and lateral aspects of the bone 

surface over an approximately 20cm RC area (Figure 5.14A).  On the medial aspect the 

four features measure from caudal to rostral aspect 2.05cm RC, 0.35cm ML, and 2.20cm 

DV; 0.80cm RC, 0.18cm ML, and 1.50 cm DV; 0.82cm RC, 0.30cm ML, and 1.30cm 

DV; 0.80cm RC, 0.40cm ML, and 2.45cm DV.  The first, second and fourth features 

appear rugose, fluted and depressed at their center with a radiating scarred texture (Figure 

5.14B).  The third feature is a ridge of woven bone with no depression.  The fourth 

feature overlaps from the medial to lateral aspect (Figure 5.14C).     
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Diagnostic Interpretation: The orientation of these features and their extent 

suggest deep trauma and subsequent infection.  The character of the lesions lack the 

hallmarks of ‘reptilian’ osteomyelitis (Fitzgerald & Vera, 2006) namely a purely erosive 

infection.  Instead the lesions appear to have a combination of erosion and remodeling of 

the bone.  Fusarium sp. have been mentioned previously as a cause of mandibular 

necrosis in crocodilians (Hibberd & Harrower, 1993), and are known to cause (Buenviaje 

et al., 1998) deep infection. 

Case Report No. 5-16 
Albertosaurus sp. RTMP 1999.50.10 
Albertosaurus Bone Bed, Dry Island Buffalo Jump, Horseshoe Canyon Fmtn., Alberta  
 
  On the ventral aspect of the left dentary element 23.05 cm caudal to the 

mandibular symphysis is a small ovate lesion measuring 0.58cm RC, 0.44cm ML and 

0.15cm in depth (Figure 5.15).  The texture of the bone within the lesion is smooth and 

mildly pitted and the rim of the lesion is moderately remodeled. 

 Diagnostic Interpretation:  This type of feature was originally termed a “Type B” 

lesion in this study due to its secondary frequency in recurrence in multiple examined 

tyrannosaurids.  The bowl-shaped isolated nature of these lesions makes them a candidate 

for a diagnosis of fibriscess (Huchzermeyer, 2003).  Similar isolated features have been 

noted in ceratopsians (Farke & Tanke, 2007).  Another differential would include any 

form of a space filling neoplasm; however, fibriscesses are frequently occurring 

abnormalities in crocodilians and avians. 
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Case Report No. 5-17 
Tyrannosaurus rex MOR 008  
Hell Creek Formation, near Jordan, Montana 

On the lateral aspect of the right surangular element 5.40 cm rostral to the 

surangular fenestra there is a smooth bowl-shaped lesion measuring 2.31cm RC and 

2.56cm DV with a small perforation at its base (Figure 5.16A).  There is no obvious sign 

of surrounding remodeling or alteration to the bone texture.  Frontal plane CT scans 

(Figure 5.16B)  of the area indicate thickening of the bone surrounding the lesion, as does 

the medial-lateral radiograph.  Histological sectioning indicates remodeling at this site, 

but is inconclusive. 

Diagnostic Interpretations:  As in the previous case, this feature appears to have 

formed as the result of an overlying fibriscess, which through pressure erosion of the 

bone gradually formed a bowl shaped depression.  The differentials for this feature 

include an unknown neoplasm or some form of granulomatous mass.  Fibriscess is 

favored as a diagnosis due to the common occurrence of these lesions. 

Case Report No. 5-18 
Tyrannosaurus rex AMNH 5027 Hell Creek Formation, near Jordan, Montana 
 

This specimen was examined in an exhibit case.  The left surangular element has 

a bowl shaped erosive lesion approximately 1.50cm in diameter dorsal to the surangular-

dentary element articulation (Figure 5.17).  The lesion is filled with matrix, therefore it is 

impossible to tell if it is perforated at its base or not.  There is no surrounding remodeling 

evident on the bone surface. 
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Diagnostic Interpretation:  As in the previous case, this feature is probably the 

result of a fibriscess.  The differentials of other space filling masses such as neoplasms 

apply to this specimen as well. 

Case Report No. 5-19 
Tyrannosaurid sp. indet.  RTMP 1998.93.12 
Dinosaur Park, Alberta  

On the lateral aspect of the left surangular element 15.5cm caudal to the rostral 

articulation with the dentary there is a circular erosive lesion measuring 0.72cm RC, 

0.75cm DV and 0.1cm in depth with a surrounding rim of smooth sclerotic bone (Figure 

5.18).   

Diagnostic Interpretation:  As in the previous two cases, this feature is probably 

the result of an overlying fibriscess.  However, the shallow depth of the lesion also allows 

the possibility of other more superficial granulomatous diseases such as caiman poxvirus 

(Nevarez, 2006) or capilliariasis (Cooper, 2002).  The limited distribution of this feature, 

however, makes the diagnosis of fibriscess more viable. 

Neoplasia 
 

Case Report No. 5-20 
Albertosaurus sarcophagus RTMP 1981.10.1 
Trochu, Alberta  

On the left angular element on the lateral aspect 28.43cm caudal from the rostral 

terminus is a large domed eminence which is smooth around its base and rugose at its tip 

(Figure 5.19 A,B).  The rugosity in this specimen appears to stem from taphonomic 

fracturing of the bone surface due to burial pressure.  The abnormality measures 2.93cm 

RC, 2.69cm DV and 1.05cm in elevation above the normal bone surface. 
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Diagnostic Interpretation:  In both crocodilians and birds (see Chapters 4 and 6) 

the types of masses which are similar in nature to this feature are limited.  This appears to  

be an osteoma, or benign, well-emarginated proliferation of periosteal bone.  Differentials 

include osteosarcoma, or some other type of mass for which there is a significant osseous 

component. 

Anomalous 
 

Case Report No. 5-21 
Daspletosaurus sp. RTMP 2001.36.01 
Milk River, Manyberries Locality, Alberta 

On the ventral aspect of the right splenial element approximately 7.00cm rostral 

to the caudal articulation there is a large bone spur measuring approximately 1.00cm RC 

and 1.80cm DV.  The spur is composed of smooth secondary bone and ends in a 

spiculated region.  In the 5.00cm rostral to the spur the bone appears wavy and 

moderately spiculated (Figure 5.20). 

Diagnostic Interpretation:  Although no exact diagnosis can be found that explains 

this feature, the presence of this type of anomalous growth is typically associated with 

trauma (Weisbrode & Doige, 2000) and arthropathies (Fitzgerald & Vera, 2006).  The 

evidence does not support these diagnoses. 
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Miscellaneous 
 

Case Report No. 5-22 
Albertosaurus sarcophagus RTMP 2003.45.84 
Albertosaur Bone Bed, Horseshoe Canyon. Alberta 
 

The left dentary element of this specimen exhibits extensive muscle scarring on 

the lower half of the medial aspect below the Meckelian groove (5.21A). 

Case Report No. 5-23 
Gorgosaurus libratus NMNH 12814 
Red Deer River, Belly River Formation Alberta, Canada 
 

The left dentary element of this specimen exhibits extensive muscle scarring on 

the lower half of the medial aspect and the ventral aspect (5.21B). 

Case Report No. 5-24 
Gorgosaurus sp.  RTMP 1994.12.602 

The left dentary element of this specimen exhibits mild muscle scarring on the 

lower half of the medial aspect below the Meckelian groove (5.21C). 

Grouped diagnostic interpretation for cases 5-22, 5-23, 5-24:  The primary muscle 

that attaches along this point in avians and crocodilians is the intermandibularis 

(Edgeworth, 1935).  This feature is hypothesized to represent hypertrophy of this muscle 

belly. 
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Ornithischians 

 
The ornithischians chosen for this study were the ornithopods and ceratopsians.  

Ornithopods are common in the Cretaceous of North America (Horner, 2005) and are 

present in numerous collections.  They are also frequently found both in bone beds, and 

as articulated individuals, therefore a sample size of 108 individuals could be generated.  

Ceratopsians are also common and frequently found under similar circumstances.  The 

cranial pathology of Triceratops is the subject of Farke & Wolff (2007, in press) but the 

results are summarized below. 

Congenital/ Developmental 
 

Case Report No. 5-25 
Triceratops prorosus YPM 1823 

There is a noticeable 10-15 degree outward rotation/flexure of the left mandible 

with no apparent bone alteration.   

Diagnostic Interpretation: The flexure of the dentary may either be congenital 

(Youngprapakorn, 1994) a developmental disorder, or the result of resolution of a 

nutritional disease such as osteomalacia leading to a permanent outward rotation 

(Huchzermeyer, 2003).  As osteomalacia is most often seen in captivity, and flexure of 

the mandible has been noted in wild crocodilians at different stages of development 

(Webb & Manolis, 1984), this can be diagnosed as a congenital disorder.  (NB: This 

specimen was examined from photographs; therefore, tooth wear could not be evaluated). 
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Trauma 
 

Case Report No. 5-26 
Brachylophosaurus sp. MOR 1071 8-15-98-574 
Judith River Formation, MT  

The right dentary has two parallel diagonal gashes over 4.00cm long and 0.40cm 

wide on the lateral aspect with no associated healing (Figure 5.22). 

Diagnostic Interpretation: After some close investigation of this specimen to 

ensure that these marks were not human generated, it seems to be a perimortal superficial 

traumatic mark on the bone.  The gashes have very rough edges and no sign of healing.  

The only cause that could be implicated during life is probably predation of the animal.  

Post-mortem scenarios include scavenging and pit wear.   

Inflammatory 
 

Case Report No. 5-27 
Triceratops prorosus UCMP 138597  

A small non-descript bump is present on the ventral margin of the right dentary 

12.50cm caudal from the mandibular symphysis.  The bump is 4.00cm long, and appears 

to cause no disruption in the surrounding bone fabric. 

Diagnostic Interpretation:  The swelling on the mandible is most likely the result 

of endosteal inflammation associated with the alveoli.  In mammals this would lead to the 

buildup of fluid and development of fistulas (Baker & Brothwell, 1980), but in 

archosaurs a caseous necrotic mass would develop within the bone (Tizard, 1987).   
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Another diagnostic possibility is endosteal osteosarcoma which is described in birds  

(Saif, 2003).  Future radiography of this area, if possible on this specimen, could resolve 

this diagnosis. 

Case Report No. 5-28 
Triceratops prorosus YPM 1823 

Along the ventral edge of the right dentary is a bony prominence similar to that 

seen in  UCMP 138597, but located more proximally to the mandibular symphysis.  The 

outward appearance of the bone is normal on the lateral aspect but appears distorted by 

small bony ripples on the medial aspect.  The swelling occurs below the cranial end of 

the tooth battery, and this may be significant.  This resembles the more progressed 

features observed in a daspletosaur (case report no. 5-16), and an iguanodon specimen 

housed at the Dinosaur Isle Museum at Sandown, Isle of Wight, UK.  

Diagnostic Interpretation:  The swelling on the mandible is most likely the result 

of an endosteal inflammation associated with the alveoli as noted in the previous case. 

Case Report No. 5-29 
Triceratops prorosus UCMP 140224 

The right dentary is preserved in weathering stage 2-3 (Behrensmeyer, 1978), and 

has also been subjected to subsequent intense post-mortem fracturing, which leads to 

some obscuring of abnormal features.   The caudal margin of the dentary is wavy and the 

edges appear healed.  No alteration in bone density or texture is evident in this region.   

  Along the ventral margin of the dentary, 10.00cm cranial to the caudal margin is a 

6.50cm long raised region of normal bone surrounded by substantial postmortem 
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fracturing and overlain by a pattern of heavy weathering. No significant alteration of 

bone texture, density or porosity is evident. 

Diagnostic Interpretation: This appears to be the resolution of periostitis or 

superficial inflammation which is a reaction to mild trauma.  The cause of the trauma 

cannot be substantiated. 

Case Report No. 5-30 
Brachylophosaurus sp. MOR 1071 7-23-98-387  
Judith River Formation, MT 

Mild ovate erosive lesions are present on the palatal surface of the pterygoid.  The 

internal texture is smooth with patches of porous bone.  The circumference of these 

lesions varies from 0.35-0.68cm (Figure 5.23). 

Diagnostic Interpretation:  These lesions have a similar distribution to those seen 

in the soft-tissue palates of avians due to plaques of various types of bacterial and fungal 

stomatitis (Olsen, 2003), and therefore are inferred as secondary erosive lesions.  The 

exact microbial cause cannot be ascertained.  These infections usually come about as the 

result of a stressor which could lower the immune response (Saif, 2003)   

Neoplasia 
 

Case Report No. 5-31 
Protoceratops andrewsii AMNH FR6460 
Iren Debasu, Flaming Cliffs, Mongolia 

0.11cm caudal to the mandibular symphysis and 0.48cm lateral to the medial edge 

of the right dentary on the ventral surface is an eminence measuring 0.56cm RC, 0.85cm 

ML, 0.24cm in elevation that is domed and well circumscribed on the rostral aspect but 

poorly circumscribed on the caudal side (Figure 5.24A,B).  The bone texture is smooth  
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with occasional disperse bumps that measure 0.01cm in diameter.  The dentary appears 

modified with an additional flange of bone extending out from the distal right dentary 

medially and connecting with the mandibular symphyseal area in the region of the 

eminence. 

Diagnostic Interpretation:  The presence of fairly well-circumscribed smooth 

domed eminences on the surface of bones has only been linked to osteomas in modern 

archosaurs (Kälin, 1936; Fadly, 2003).  Osteomas are benign proliferative masses 

uniformly composed of periosteum. 

Circulatory 
 

Case Report No. 5-32 
Triceratops prorosus USNM 8081 

The rostral ramus of the coronoid process of the dentary is localized in this 

specimen by a raised ridge of bone and is characterized by a highly rugose surface, 

perhaps indicative of an erosive response.  Or, because the rostral ramus is raised, a 

proliferative response that may have mimicked an erosive response.  

Diagnostic Interpretation: Four possibilities exist for this feature: osteopetrosis, 

ischemic necrosis, focal osteomyelitis or an exuberant callus.  Osteopetrosis is a 

metabolic bone disease which leads to the deposition of excess bone particularly on distal 

surfaces (Weisbrode & Doige, 2000).  Focal osteomyelitis would be expected to produce  
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exposure of the cortical and cancellous bone, but can also appear different during stages  

of resolution.  Ischemic necrosis is an inadequate perfusion of blood to bone, leading to 

necrosis of the bone tissue (Kumar et al., 1980).  Exuberant calluses can cause random 

proliferation of woven bone in the vicinity of a repairing fracture.  Given the deep 

scalloped appearance of the bone, proliferative responses such as callusing and 

osteopetrosis are unlikely to have caused this feature.  Focal osteomyelitis is more likely 

to create deeper erosions, greater swelling of the bone with development of fibriscesses 

and/or granulomas, and further exposure of the endosteal surfaces.  Schemic necrosis is 

the most likely diagnosis for this feature due to the diffusely necrotic appearance of the 

bone and surrounding inflamed bone.   

Anomalous 
 

Case Report No. 5-33 
Brachylophosaurus sp. MOR 1071 7-6-98-79  
Judith River Formation, MT 

The right maxilla has a mild elevated region which causes a very slight 

disturbance in the bone fabric (Figure 5.25). 

Diagnostic Interpretation:  This abnormality is a non-distinct inflammatory 

response.  Since very little detail is available for diagnosis, none is assigned. 
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Figure 5.2. Aublysodon sp. RTMP 1985.62.01.  The cranial end of the right angular has a 
substantial fracture callus composed of woven bone and an irregular surface. 
 
 

 
 
Figure 5.3. Tyrannosaurid sp. RTMP 1987.46.01.  On the lateral aspect of the dentary 
there is a penetrating trauma consisting of a gouging indentation.  No evidence of healing 
is associated with this feature so it is assumed to have occurred antemortem. 
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Figure 5.4. Gorgosaurus sp. RTMP 1986.49.29  (Upper Cretaceous, Judith River 
Formation).  There is a small rostro-caudal ventral diagonal indentation with no 
evident remodeling surrounding it suggesting antemortem superficial trauma. 
 

 
 
Figure 5.5. Albertosaurus sp. RTMP 2003.45.84  (Upper Cretaceous, Horseshoe 
Canyon). There is a large diagonal gash on the lateral aspect of the left dentary with 
no associated healing.  The probable diagnosis for this specimen is antemortem 
superficial trauma. 
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A.

 

 

B. 

 
Figure 5.6. Tyrannosaurid sp. indet. RTMP 2002.12.101.  On the lateral aspect of the 
left dentary there are two periosteal reactive ridges .  They are both situated at a 45 
degree rostro-dorsal angle (A) with on located adjacent to the mandibular symphysis 
and the other near the mid-point of the element (B).  The center of the caudal ridge 
may contain an embedded object as well.  The positioning of both processes suggests 
a superficial traumatic origin. 
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Figure 5.7. Albertosaurus sarcophagus RTMP 1981.10.01 (Upper Cretaceous, 
Alberta).   
One of two slit-shaped probable trichomoniasis lesions is evident on the lateral aspect 
in this photograph.  The second described lesion is obscured by diagenetic fracturing.  
 

 
 
Figure 5.8. Tyrannosaurus rex AMNH 5029 (Upper Cretaceous, Hell Creek 
Formation, Montana). There is an erosive lesion with smooth tapered edges on the 
angular in this photograph.  Lesions of this kind align with others placed under a 
diagnostic interpretation of trichomoniasis.  
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Figure 5.9. Daspletosaurus sp.  RTMP 1994.143.1 (Upper Cretaceous, Dinosaur 
Provincial Park, Alberta).  Two slit-shaped lesions are figured along the ventral edge 
of the right surangular.  These lesions were interpreted as resulting from 
trichomoniasis. 
 

 
 
Figure 5.10. Gorgosaurus sp. RTMP 2002.12.11  (Upper Cretaceous, Dinosaur Park, 
Alberta).  Along the caudal margin of the dentary there is a small erosive lesion with 
tapered, smooth edges and no surrounding remodeling.  This was interpreted as a 
trichomoniasis lesion. 
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Figure 5.11. Tyrannosaurus rex MOR 1125 (Upper Cretaceous,Hell Creek 
Formation, MT).  The right dentary has an erosive lesion proximal to the splenial 
element articulation.  This lesion has smooth, tapered edges and no surrounding 
remodeling and was also interpreted as trichomoniasis. 
 

 

 A. 

 
Figure 5.12. Daspletosaurus sp.  RTMP 2001.36.01 (Upper Cretaceous, Manyberries 
Locality, Alberta). Erosive lesions present in the pre-articular (A), right surangular 
(B) and left surangular (C) all have well rounded tapered edges with little remodeling 
and bear the interpretation of trichomoniasis. 
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  B. 

 

 

  C.

 
Figure 5.12. (continued) Daspletosaurus sp.  RTMP 2001.36.01 (Upper Cretaceous, 
Manyberries Locality, Alberta). Erosive lesions present in the pre-articular (A), right 
surangular (B) and left surangular (C) all have well rounded tapered edges with little 
remodeling and bear the interpretation of trichomoniasis. 
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Figure 5.13. Tyrannosaurid sp. indet.  RTMP 1998.93.12 (Upper Cretaceous, 
Dinosaur Park, Alberta).  As in the previous figures, a well rounded erosive lesion is 
present on the surangular with little or no surrounding remodeling.  This abnormality 
also has an interpretation of trichomoniasis. 
 
 
 

 
 A. 

 
Figure 5.14. Daspletosaurus sp. RTMP 1967.9.164. (Upper Cretaceous, Judith River 
Formation).  This individual exhibits the classic erosive signs of ‘reptilian’ 
osteomyelitis in which there is no proliferative element of the infection (Fitzgerald & 
Vera, 2006).  A. View of the medial aspect of the left dentary with rugose eroded 
regions visible along ventral edge. 
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  B. 

 

 

 C. 

 
Figure 5.14. (continued) Daspletosaurus sp. RTMP 1967.9.164. (Upper Cretaceous, 
Judith River Formation).  This individual exhibits the classic erosive signs of 
‘reptilian’ osteomyelitis in which there is no proliferative element of the infection 
(Fitzgerald & Vera, 2006).  B. Detail of eroded area. C. Lateral aspect with some 
modification of the bone visible. 
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Figure 5.15. Albertosaurus sp. RTMP 1999.50.10 (Upper Cretaceous, Horseshoe 
Canyon Fmtn.).  A bowl-shaped erosive lesion can be seen on the ventral aspect of 
the left dentary.  This “type b” lesion which is seen in other tyrannosaurs is 
interpreted as resulting from a caseous abscess. 
 

 

  A.

 
Figure 5.16. Tyrannosaurus rex MOR 008 (Upper Cretaceous, Hell Creek 
Formation).  A.  A bowl-shaped depression is evident cranial to the surangular 
foramen on the surangular (arrow). 
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  B. 

 
Figure 5.16. (continued) Tyrannosaurus rex MOR 008 (Upper Cretaceous, Hell Creek 
Formation).  B. This frontal CT of the surangular,angular and articular elements 
passes through the area of the lesion.  An increase in bone density is evident 
surrounding the hole suggesting remodeling.  This feature was interpreted as being 
the result of a fibriscess. 
 

 
 

Figure 5.17. Tyrannosaurus rex AMNH 5027 (Upper Cretaceous, Hell Creek 
Formation).  Just cranial to the marking  “Sur” is a bowl-shaped erosive lesion similar 
to the previous case.  This is also interpreted as resulting from a fibriscess. 
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Figure 5.18.  Tyrannosaurid sp. indet.  RTMP 1998.93.12  (Upper Cretaceous, 
Dinosaur Park, Alberta).  The lateral aspect of the left surangular has the bowl-shaped 
depression seen in this figure, which is interpreted to have resulted from a caseous 
abscessation. 
 

 

 
 A. 

 
Figure 5.19. Albertosaurus sarcophagus RTMP 1981.10.1 (Upper Cretaceous, 
Trochu, Alberta).  At the caudal end of the left angular there is a large mass (A) 
arising from the bone surface of undifferentiated bone which is mildly weathered and 
appears rugose (B) but was probably once entirely smooth.  It is interpreted as being 
an osteoma. 
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  B. 

 
Figure 5.19. (continued) Albertosaurus sarcophagus RTMP 1981.10.1 (Upper 
Cretaceous, Trochu, Alberta).  At the caudal end of the left angular there is a large 
mass (A) arising from the bone surface of undifferentiated bone which is mildly 
weathered and appears rugose (B) but was probably once entirely smooth.  It is 
interpreted as being an osteoma. 
 

 
 
Figure 5.20. Daspletosaurus sp. RTMP 2001.36.01  (Upper Cretaceous, Manyberries 
Locality, Alberta).  The right splenial has an abnormal bone spur along its lower 
ventral edge whose cause is unknown. 
 



  
 

159 

 

 A. 

 

 

 B. 

 

 

 C. 

 
Figure 5.21. (A) Albertosaurus sarcophagus RTMP 2003.45.84 (Upper Cretaceous, 
Horseshoe Canyon, Alberta), (B) Gorgosaurus libratus NMNH 12814  (Upper 
Cretaceous, Belly River Formation, Alberta, (C) Gorgosaurus sp.  RTMP 
1994.12.602 (Upper Cretaceous).  These specimens all have ventral muscle scarring. 
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Figure 5.22. Brachylophosaurus sp. MOR 1071 8-15-98-574  (Upper Cretaceous, 
Judith River Formation).  Two parallel curved gashes on the lateral aspect are 
interpreted as superficial antemortem marks. 
 

 
 

Figure 5.23. Brachylophosaurus sp. MOR 1071 7-23-98-387 (Upper Cretaceous, 
Judith River Formation).  Two small ovate erosive lesions on the right pterygoid can 
be seen in this photograph.  These features are allied with stomatitis observed in 
crocodilian and avian specimens seen in Chapters 4 and 6. 
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  A.

 

 

  B. 

 
Figure 5.24. Protoceratops andrewsii AMNH FR6460 (Iren Debasu, Flaming Cliffs, 
Mongolia). On the ventral aspect of the right mandible (A, arrow) there is a smooth 
domed growth coming out from the periosteal surface (B, arrow).  This is interpreted 
as an osteoma. 
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Figure 5.25. Brachylophosaurus sp. MOR 1071 7-6-98-79  (Upper Cretaceous, Judith 
River Formation).  There is an unknown disturbance in the bone fabric on the lateral 
aspect of the right maxilla, pictured here. 
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CHAPTER 6 

AVIAN CASE REPORTS AND DIAGNOSTIC INTERPRETATION 

Introduction 

 
Avians are significant to this study both because of their widespread distribution 

and high diversity and because the primitive groups are closely related phylogenetically 

to another archosaurian group, the dinosaurs (Chiappe, 2002). In the course of the study 

basal avian struthioniforms and galliforms were studied in addition to falconiformes and 

a limited sample of corvids.  A total of 1,303 individuals were measured (see Chapter 3) 

from which this section presents the descriptions, photographs and diagnoses of abnormal 

cases.  The cases are sub-divided by the disease category to which the individual’s 

abnormalities belong.  When diagnostic interpretations were similar in several cases they 

were grouped together.  These occurrences are clearly indicated.  Summaries of the 

pathology findings can be found in Chapter 8. 

Elements of the Avian Skull 

The avian skull is figured in the following photograph  (Figure 6.1) with the 

different elements of the skull labeled.  These elements are referred to throughout the 

text. 
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Figure 6.1.  The key elements of the paleognath skull.  pm.= premaxilla, max.=maxilla,  
q.=quadrate, pal.= palatine,  ptr.=pterygoid, d.= dentary, sur.=surangular, ang.= angular, art.= 
articular, sp.= splenial.  
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Age Estimations 

For specimens bearing a “~” before the age (e.g. adult, juvenile, nestling, etc..), 

these are age estimations made based upon relative size of the individual, degree of 

cranial fusion, and relative development of cranial bones.  These are estimations only for 

individuals for which the data was unavailable and are not intended to be exact 

identifications. 

Case Report Numbering 
 

Case reports in this chapter are numbered according to chapter number and 

consecutive ordering.  Therefore, the first case is numbered (6 - 1). 

Struthioniformes 

 
The 344 ratites examined in this study came from the Casuaridae, consisting of 

the emu and cassowary, the Apterygidae, consisting of the kiwis, the Dinornithiformes, 

consisting of the moas, and the Rheidae, consisting of the Darwin’s Lesser Rhea and the 

Greater Rhea.  Ostriches were not examined because the majority of the specimens in the 

collections visited were farmed individuals. 

Inflammatory 
 

Case Report No. 6-1 
Anomalopteryx didiformis (Lesser Bush Moa)  
DM S 24503 – Coonoor Cave, NZ 

On the left mandible 4.62cm caudal to the mandibular symphysis is a full 

thickness swelling of the mandible measuring 1.14cm RC, 0.20cm ML and 0.81cm DV.  

The surface texture is slightly porous but otherwise undisturbed (Figure 6.2). 
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Diagnostic Interpretation: This is most likely an un-diagnosable endosteal 

inflammatory response, whose cause cannot be determined.  This could be idiopathic 

endosteitis.  Stomatitis is known to cause swelling of the mandible in raptors; however, 

without evidence from the hard palate, no diagnosis can be made. 

Case Report No. 6-2 
Casuarius casuarius ~adult (Double-Wattled Cassowary)  
QM 30604-Atherton Tableland, QLD, Australia 
 

A lesion is located on the left maxilla element 0.36cm lateral to the palatal 

fenestra and measures 0.59cm RC, 0.37cm ML, and 0.15cm in depth (Figure 6.3).  A 

similar lesion is present on the right maxilla element 0.44cm lateral to the palatal fenestra 

and measures 0.33cm RC, 0.22cm ML and 0.08cm in depth.  These are circular erosions 

through the periosteum with some retention of the periosteum and substantial exposure of 

cortical and trabecular bone.  The underlying bone (cortical and trabecular) appears 

deformed.   

Diagnostic Interpretation:  The location of the erosions is consistent with soft-

tissue palatal plaques from stomatitis (Huchzermeyer, 1994; Cooper, 2002), however the 

limited distribution of the lesions does not resemble stomatitis.  Pseudomonas sp. cause 

discrete erosive necrotic lesions in the palate (Olsen, 2003).  Therefore, these lesions are 

more likely to have been caused by pseudomoniasis.  
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Case Report No. 6-3 
Anomalopteryx didiformis ~adult  (Lesser Bush Moa) 
 DM S 24432 – Haurangi, NZ 

There is a 3.70cm RC and 1.03cm ML swelling of the mandible 3.90cm caudal to 

the mandibular symphysis on the left side (Figure 6.4).  It has a dorsal opening measuring 

1.14cm RC, 0.56cm ML and .87cm thick and a ventral opening measuring 1.11cm RC, 

0.69cm ML.  The bone around the opening is porous and pitted and has ragged edges.  

There is some overlay of weathering processes on the bone surface. 

Diagnostic Interpretation: With this type of erosive response and massive 

perforations, an infectious etiology should be suspected.  Because of the internal erosion 

and swelling of the bone, this feature can be described as osteomyelitis.  Since there are 

many bacterial and fungal etiologies which cause osteomyelitis, and the oral flora of 

moas is unknown, this infection cannot be diagnosed further. 

Congenital/Developmental 
 

Case Report No. 6-4 
Casuarius casuarius ~adult (Double-Wattled Cassowary)  
QM 30059-Beachcomber, Queensland, Australia 
 

Minor bill asymmetry is present. 

Diagnostic Interpretation:   Bill asymmetry commonly results from trauma to the 

jaw during development (Heidenreich, 1995).  Jaw trauma is not uncommon in ratites, 

most often resulting from self-induced injury on objects (Gilsleider, 1994). 
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Metabolic 
 

Case Report No. 6-5 
Anomalopteryx didiformis ~sub-adult (Lesser Bush Moa) 
DM 38908 – Hukanui, NZ 

On the lateral aspect of the right mandible is a subtle feature mildly modifying the 

bone surface where the surangular element dips downwards prior to articulation with the 

dentary element.  The feature is 0.71cm RC, 0.47cm DV, it wraps onto the dorsal surface 

of the mandible.  It is primarily proliferative, adding onto the surface of the bone.  There 

is a central node surrounded by minor erosive trenching.  This node is button like and the 

region bears other small buttons of bone giving it a waffled appearance (Figure 6.5). 

Diagnostic Interpretation: There are several diseases which cause an abnormal 

proliferative response which can produce similar features on the skeleton including: 

fracture callusing (Weisbrode & Doige, 2001), osteopetrosis (ibid), and pulmonary 

hypertrophic osteopathy (Heidenreich, 1995).  The latter two are reported as diseases of 

long bones, and pulmonary hypertrophic osteopathy tends to ensheathe the bones that it 

affects with porous primary bone.  Osteopetrosis produces diffuse exostoses on bone 

surfaces typically of the epiphyses (Weisbrode & Doige, 2001). Excess callusing is 

characterized by an exuberant proliferative response, but no evidence of trauma is 

present.  Osteopetrosis is therefore favored as a diagnosis for this feature.   
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Case Report No. 6-6 
Euryapteryx geranoides ~adult (North Island Broad-Billed Moa) 
AMNH FB7384-Pyramid Valley Swamp, NZ 
 

Small raised bony swellings are present surrounding the surangular foramen of 

approximately 0.10-0.30cm in diameter and height (Figure 6.6). 

Diagnostic Interpretation: The nature of these growths suggests that they are 

exostoses related to the process seen in the previous case.  Osteopetrosis is the diagnosis 

for this condition. 

Neoplasia 
 

Case Report No. 6-7 
Emeus crassus  ~adult (Eastern Moa) 
AMNH FB63 – New Zealand 

The abnormality appears as a smooth well-emarginated raised button or dome 

measuring 0.20cm RC, 0.15cm ML and .0.19cm DV on the buccal aspect of the splenial 

element.  The radiograph of this area indicates a homogenous low density bone mass 

without evidence of differentiation (Figure 6.7). 

Diagnostic Intepretation:  This structure could be periosteitis, an exostosis or be 

neoplastic in nature.  Due to the emargination of the structure and its well-defined shape, 

it is probably neoplastic.  Because of the isolated, well defined character of the growth, it 

is assumed to be benign in nature, with the adjacent bump likely to be an exostosis of 

some kind.  There are few benign bone tumors in avians, but osteoma is most likely the 

cause due to its isolated occurrence, crisp margins, and unified periosteal bone 

composition (Reece, 1992). 
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Case Report No. 6-8 
Pachyornis australis ~adult (Crested Moa) DM S 23056 
Honeycomb Caves Complex, NZ 
 

On the lingual aspect of the left mandible 5.77cm from the mandibular symphysis 

is a small circular nodule of bone measuring 0.25cm RC, 0.16cm ML, and 0.37cm DV.   

The dome-like, smooth, well-emarginated nature of this growth is identical to that found 

in AMNH FB63.  Caudal to this feature is a very small bump in the bone surface whose 

character is not well developed measuring 0.216cm RC and 0.26cm DV (Figure 6.8). 

Diagnostic Interpretation:   As with the previous specimen, the diagnostic 

interpretation of this feature is an osteoma. 

Case Report No. 6-9 
Anomalopteryx didiformis ~adult (Lesser Bush Moa) 
DM 38903- Hukanui Ta, NZ 

This abnormality is figured in a previous publication (Worthy & Holdaway, 

2004).  It is located 4.33cm caudal to the mandibular symphysis on the lateral aspect of 

the left mandible (Figure 6.9 a).  This is a mass measuring 2.91cm RC, 1.58cm ML and 

2.03cm DV, emerging from the normal periosteum on the ventral aspect and stretching 

the periosteum outwards by 0.54cm.  The mass is circumscribed by normal bone and but 

for the expansion outwards of the normal bone towards the mass it would appear discrete.  

The mass itself has a cauliflower like appearance and appears to be formed primarily of 

striated irregular cortical bone.  Deep fissures permeate the mass from the external 

surface. 

Diagnostic Interpretation:   Osteosarcoma is known to occur in avians (Fadly & 

Payne, 2003), and this abnormality resembles such growths.  The stretching of the 
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surrounding bone suggests poor emargination from surrounding tissue.  The complex 

character of the growth is suggestive of the poorly organized and differentiated character 

of malignant tumorous growth.  On the ventral-dorsal radiograph (Figure 6.9b), the 

feature can be seen to arise from the cortical bone with well-emarginated sides and 

consistency of structure.  The tumor is composed of layers of low density bone with 

intermittent fissures that go from the core of the tumor to the surface.  The tumor appears 

to show overlapping phases of growth, as the internal structure shows an apparent folding 

of the bone fabric. The dorsal-ventral radiograph shows that the tumor grades into the 

mandible on its rostral end and is not fully emarginated.  It appears that the entire tumor 

is composed of woven bone judging from comparison to the surrounding mandible.   

These features all suggest malignancy. 

Anomalous 
 

Case Report No. 6-10 
Emeus crassus  ~adult (Eastern Moa) 
AMNH FB58- New Zealand 

A ventrally well-emarginated bony spur 2.58cm rostral to the articular element 

terminal margin measuring 0.63cm RC, 0.23cm ML and 0.43cm DV is present on the 

lingual aspect of the right surangular element (Figure 6.10).  The spur is surrounded by 

an exposure of spiculated, rugose bone along its edges.  The medial-lateral radiograph of 

this region indicates an anomalous area of dense bone. 

Diagnostic Interpretation: No known abnormalities resemble this feature.  The 

growth itself appears to be composed of normal bone, therefore it cannot be an 
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osteosarcoma, and it is not uniformly composed of periosteum, and therefore is not an 

osteoma.  No congenital or developmental abnormalities can explain this feature either.  

Galliformes 

 
Galliforms are neognaths (Feduccia, 1996), as are falconiformes and corvids, 

therefore the anatomy of their palate (Figure 6.11)  differs from those of the paleognath 

ratites. The galliforms selected for this study came from within the phasianidae, 

odontophoridae and meleagrididae and were chosen according to widespread distribution.  

The number sampled was sizeable in order to find oral diseases, because the occurrence 

of abnormalities was quite low.  Many available specimens were skins, which lead to 

greater observation of bill pathology.   

 

Figure 6.11. Haliaetus leucocephalus USNM 615008.  This bald eagle skull is typical of 
the neognath palate in which the palatines and pterygoids have a centrally located hinge.  
The mandible does not differ very significantly from those seen in ratites.  Abbreviations: 
pm.= premaxilla, max. = maxilla, pal. = palatine, ptr.= pterygoid, q. = quadrate. 
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Inflammatory 
 

Case Report No. 6-11 
Meleagris gallopavo ♂ ~adult (Wild Turkey) UWBM 43398 
White Salmon, Klickitat, Washington -May, 1988 
 

On the left lower jaw 2.47cm rostral to the terminus of the mandible and on the 

right side 3.05cm rostral to the terminus of the mandible there are developed regions of 

bone thickening and porous bone on the ventral aspect (Figure 6.12).  The most 

prominent disturbed area is on the left mandible which measures 1.42cm RC, 0.31cm ML 

and 0.25cm DV.  In this region there is a long trough in the surface surrounded by 

sclerotic bone with ventral patches of porous bone.  The region on the right side measures 

1.79cm RC, 0.23cmML and 0.37cm DV.  

Diagnostic Interpretation:  The thickening of the ventral aspect of the mandible 

can be related to stomatitis (Cooper, 2002).  Other conditions that could cause thickening 

of the ventral margin include the resolution of a fracture callus and osteomyelitis.   

However, the bilateral nature of this swelling indicates a more widespread cause, 

suggesting the retention of stomatitis as a diagnosis. 

Case Report No. 6-12 
Meleagris gallopavo~adult (Wild Turkey) AMNH 5091- South Carolina  

The left dentary element has an overhanging ledge of thickened bone on the 

dorsal aspect that appears to be a thickening and overgrowth of the periosteum. 

Diagnostic Interpretation: The differentials for this case are the same as the 

previous case, as is the tentative diagnosis of stomatitis. 
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Congenital/Developmental 
 

Case Report No. 6-13 
Callipepla californica ♂ (syn. Lophophortyx californicus) (California quail)  
UBC 15103 - Penticton, BC, 1993  
 

A mild crossed bill is present with a 1mm overlap of the upper jaw. The cause of 

death for this bird was impact trauma with a window (Kenner, pers. comm.. 2007). 

Diagnostic Interpretation: Nutritional secondary hyperparathyroidism (Harrison & 

Lightfoot, 2006), or trauma to the beak during earlier growth (Heidenreich, 1995) could 

be implicated in lateral deviation leading to a crossed bill.  Resolution of the direct cause 

was not possible in this specimen. 

Case Report No. 6-14 
Callipepla californica ♂  (syn. Lophophortyx californicus) (California quail)  
UBC 13914 - Victoria, BC, 1972  
 

The upper jaw overlaps the lower by 0.33cm.  

Diagnostic Interpretation:  Differentials include a congenital defect or a 

developmental overgrowth of the upper jaw.   Trauma has been implicated as the cause of 

stunting in either the upper or lower jaw during development in raptors (Heidenreich, 

1995).   Maxillary prognathism occurs in galliforms due to beak overgrowth (Olsen, 

2003).  As no fracture callusing was noted, this anomaly appears to result from the latter 

cause. 
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Case Report No. 6-15 
Dendragapus canadensis (Spruce Grouse)  
UBC 2712 – French Creek, BC, 1952  
 

The upper jaw overlaps the lower jaw by 0.20cm  

Diagnostic Interpretation: This specimen has the same diagnosis as the previous 

case. 

Case Report No. 6-16 
Dendragapus obscurus ♂  (Blue Grouse) 
UBC 2719 – Kaleden, BC, 1952  

The beak in this specimen exhibits a slight downward turn. 

Diagnostic Interpretation: Flexion of the jaw has been noted as a congenital 

abnormality in a herring gull chick (Threllfall & Roy, 1988).  In that individual the 

deformity was severe enough to prevent proper feeding and led to death.  The mandibular 

deformity in case report no. 6-16; however, does not appear to have prevented prehension 

of food.  

Case Report No. 6-17 
Dendragapus canadensis ♂   (Spruce Grouse) 
UBC 11942 – Squamish, BC, 1964  
 

The lower jaw displays a moderate sinistral curvature. 

Diagnostic Interpretation: Severe trauma, the resolution of osteomalacia (rubber 

jaw) (Harrison & Lightfoot, 2006) or a congenital defect (Threllfall & Roy, 1988) could 

all have caused this condition.  Severe trauma cannot be supported because callusing 

would be expected.   The differentiation of osteomalacia from a congenital deformity is 

difficult; however, case report no. 6-16 and this specimen have enough similarities to 

suggest a congenital defect.  
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Neoplasia 
 

Case Report No. 6-18 
Dendragapus obscurus ♀ ~adult (Blue Grouse)  
UWBM 57072 - Mazama, Okanogan, WA- August 1996 
 

This individual was collected from a Douglas fir forest adjacent to a creek.  

1.68cm from the caudal end of the left jaw on the ventral aspect there is a small raised 

dome of bone measuring 0.14cm RC and 0.083cm ML on the articulation between the 

angular and surangular elements showing minor segmentation along its rostral edge 

(Figure 6.13). 

 

Diagnostic Interpretation: The only small well-emarginated periosteal neoplasms 

in birds are osteomas (Fadly & Payne, 2003).  An anomalous proliferative growth such as 

an exostosis is also possible, but this feature shows organization and emargination, which 

is typical of osteomas. 

Case Report No. 6-19 
Tympanuchus pallidicinctus ♀ ~adult (Lesser Prairie Chicken) 
UWBM 63842 - Garden City, KS- Jan. 1999 
 

A button-like, well-emarginated bone growth measuring approximately 0.10cm in 

diameter is present on the splenial element (Figure 6.14).  The sides of the growth show 

no grading of elevation but instead emerge like a cylinder from the side of the bone.  

Diagnostic Interpretation: This feature is similar to that observed in the previous 

specimen, on moa specimens, and a Daspletosaurus.  Isolated circumscribed bone 

growths are rare, but are described as osteomas (Reece, 1992).  These growths are 

entirely benign. 
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Anomalous 
 

Case Report No. 6-20 
Tympanuchus pallidicinctus ♂ (Lesser Prairie Chicken)  
UWBM 63849 - Garden City, KS. – January, 1999 
 

A pinhole sized perforation is present rostral to the mandibular foramen on the 

medial palatal surface.  No other abnormal features were noted of any significance. 

Diagnostic Interpretation: This feature likely developed during growth, or was 

present at hatching.  The precise cause cannot be determined. 

Case Report No. 6-21 
Dendragapus obscurus ♀ (Blue Grouse) 
UWBM 53436 - Mt. Baker Summit, WA- July, 1995 
 

This individual was collected in an alpine meadow.  A pinhole sized perforation is 

present in the left palatine element at the pterygoid articulation.   

Diagnostic Interpretation: There are many reasons why a small hole might form at 

this location, including post-mortem damage, peri-mortal trauma, congenital defect in 

palatal formation, a metabolic or nutritional bone disease causing regional thinning of the 

bone or developmental defect during maturation and closing of the sutures in this 

individual.  A congenital or developmental etiology for this abnormality is favored, but 

the two cannot be differentiated in this case.   
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Miscellaneous 
 

Case Report No. 6-22 
Tympanuchus phasianellus (Sharp-tailed Grouse) 
UBC 2639– No Locality 

The beak in this specimen is far shorter than is typical. 

Diagnostic Interpretation: Brachycephalism or the stunting of rostral development 

can result from biotin deficiency in galliforms (Klasing & Austic, 2003) and is the 

probable cause of the abnormality in this case.  

Case Report No. 6-23 
Tympanuchus phasianellus ~adult (Sharp Tailed Grouse) 
AMNH 18370 - Sawmill Creek Rd., Alaska   
 

Some general thinning of the skull is present of an uncertain nature.  

Diagnostic Interpretation: General thinning of the skull is caused by some form of 

osteopenia. Osteoporosis has been noted in galliforms as a result of vitamin D3 

deficiency, and is probably the cause in this case. 

Corvidae 

Several species of corvids (Corvus coronoides, Corvus orru, Gymnorhina tibicen, 

Pica pica, Strepera graculina) representing 85 individuals were examined including 

species from Australia and North America.   No abnormalities were observed in any of 

these specimens.  The probable reason for this absence of observable gross abnormalities 

is the heavily keratin-sheathed upper jaws, palate and mandible.  If abnormalities were 

present they would be likely to be entirely keratin related, and the majority of specimens 

did not preserve the rhamphotheca and bill.   
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Falconiformes 

 
The falconiformes chosen for this study were two eagle species, the osprey and 

two species of new world vultures.  These animals were selected not only for their 

widespread distribution, but also for their large size, variable habitat, and hunting and 

scavenging behaviors.  Specimens of Sagittarius serpentarius (Secretary Bird), Falco 

columbarius (Merlin), Falco sparverius (Kestrel), Accipiter cooperi (Cooper’s Hawk), 

Accipiter striatus (Sharp-Shinned Hawk), and Buteo jamaiciensis (Red-Tailed Hawk) 

were examined but the skulls proved to have little or no bone pathology, and thus were 

not included or measured in the study.   

Trauma 
 

Case Report No. 6-24 
Haliaetus leucocephalus ~adult  (Bald Eagle)  
UWBM 20704 - Woodland Park Zoo, Seattle, WA -October, 1964 
 

The left side of the mandible over a 3.29cm RC area is distorted and flexed with 

thickening at the site of flexure and muted callusing that affects the buccal and lingual 

aspects (Figure 6.15). 

Diagnostic Intepretation: Flexure and callusing at a site of flexure could be 

indicative of one of three processes: 1) A past trauma that has since healed and lead to 

distortion of the bone; 2) The resolution of osteomalacia in the jaw, and perhaps 

subsequent trauma overlain on this pattern; 3) Some form of developmental disorder 

which did not lead to proper development of the jaw, followed by subsequent  



  
 

180 

pathological fracture.  The simplest scenario is that this is a jaw fracture which resolved 

sometime in the past rather than two separate events.  Jaw fractures are relatively 

common in birds (Olsen, 2003). 

Case Report No. 6-25 
Haliaetus leucocephalus sub-adult ♂ (Bald Eagle)  
USNM 615008 - Haines, Alaska- Jan. 1991 

On the buccal aspect of the right mandible midway to the articular there are three 

minute exostoses each measuring 0.10cm RC and 0.05cm DV of a lighter color than the 

surrounding bone (Figure 6.16).  On the left mandible in a similar location there is a 

single bump of the same nature measuring 0.17cm RC and 0.06cm DV. 

Diagnostic Interpretation: These features resemble periosteal reactive bone and 

could be the result of localized infection or superficial trauma.  In either case, the 

condition of the surrounding bone and bone surface indicate that the area is in a state of 

resolution. These areas could have resulted from struggling prey scratching the mandible, 

intraspecific fighting or more mundane causes like contact with inanimate sharp objects 

like sticks or bone.  This type and location of abnormality has been noted in previous 

archosaurian cases. 

Case Report No. 6-26 
Haliaetus leucocephalus ~adult (Bald Eagle) 
UWBM 37639 - East Amatuli Island, Barren Islands, AK- June, 1982 
 

There is a small raised bump composed of periosteal bone measuring 

approximately 0.10cm RC and 0.05cm DV on the left mandible at the dentary-

surangular-angular articulation (Figure 6.17). 
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Diagnostic Interpretation: This feature resembles periosteal reactive bone and 

could be the result of localized infection or superficial trauma.  The strong relief of the 

area indicates that healing may not have been completely resolved, and inflammation 

may have still been in progress at the time of death. 

Metabolic 
 

Case Report No. 6-27 
Cathartes aura ♂ (Turkey Vulture) ~adult  
USNM 621368 - Sullivan, NH – May, 1997 
 

The lingual aspect of the right ramus of the mandible bears a feature measuring 

1.26cm RC and 0.54cm DV on the lingual aspect which passes over to the buccal aspect 

and there measures 0.73cm RC and 0.48cm DV.  The feature appears in lingual view to 

be exostotic bone of low density that is porous and bears horizontal striations.   This bone 

surrounds a round opening on the edge of the mandible measuring 0.761cm RC that 

appears to have formed post-mortem. 

The left humerus (Figure 6.18A,B) has similar exostotic bone intermittently 

covering a far larger area (7.94cm RC) and the full 4.17cm circumference (diameter = 

1.33cm) of the mid-diaphyseal shaft.  A mid-bone taphonomic fracture revealed that the 

maximum thickness of the exostosis is 0.17cm.  The surface texture has far coarser pores 

than the jaw and looks almost coralline.  At a length 7.18cm dorsal to the proximal 

condyle, the bone surface appears honeycombed and the exostotic bone develops a more 

lobular appearance.  Lateral to this area, a small hole measuring 0.32cm ML and 0.41cm 

DV is present in the femoral shaft whose edges appear sharp.  The exostosal surface 
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overlaps the dorsal edge of the hole and travels into the shaft where it appears to line a 

portion of the marrow cavity. 

 Radiographs of the jaw and humerus indicate the superficial distribution of the 

exostotic bone on the surface of the jaw and on the periosteal and endosteal surfaces of 

the shaft of the femur. 

 Diagnostic Interpretation: The appearance of exostotic bone on the jaw and 

humerus points towards a metabolic disorder.  Osteopetrosis (Weisbrode & Doige, 2001), 

a disease in which the osteoblasts produce excessive bone without compensating 

remodeling by the osteoclasts is one possible cause of this feature, as this disease affects 

the long bones in numerous animal species.  The other possibility is pulmonary 

hypertrophic osteopathy, which causes progressive exostotic encasement of the long 

bones in vultures (Heidenreich, 1995, pers. obs. 2006) and could lead to the features seen 

on the jaw.  Other possibilities include poor resolution of fractures in both locations, but 

callusing was not observed on the radiograph.  The most likely diagnosis is pulmonary 

hypertrophic osteopathy, as this is reported in raptors, and has been observed by the 

author to cause similar features in another vulture specimen previously. 

Case Report No. 6-28 
Haliaetus leucocephalus ~adult ♂ (Bald Eagle)  
USNM 615005 - Haines Hwy., Juneau, AK- May, 1992 
 

The right mandible has a thickened elevated area measuring 0.41cm RC, 0.36cm 

DV and 0.06cm in depth, 4.12 cm from the distal end on the buccal aspect, but there is no 

textural alteration.  The left mandible has a thickened region 2.99cm RC which distorts 

the mandibular structure and bone texture just caudal to the mandibular symphysis 
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(Figure 6.19A).  The dorsal part of this thickened section measuring 0.94cm RC and 

0.59cm DV exhibits swelling and flaking of the periosteum along with diffuse erosional 

areas.  On the ventral part is a thickened rugose ridge of bone measuring 1.27cm RC and 

0.23cm ML appearing to result from proliferative growth.  The surface texture is blocky 

and porous. Examination from ventral view shows a caudal thickening of the bone in the 

abnormal zone.  In the caudal end of this zone the periosteum has collapsed and is 

surrounded by highly remodeled bone on the medial and lateral sides.  A bony spur arises 

at its terminus.  On the medial view, the ventral collapse is visible and a lip of bone is 

present at the margin which is interrupted by an area of remodeling at its center that 

extends dorsally and caudally.  The radiographs of the mandible do not provide further 

detail in dorsal view.  The lateral oblique radiograph of the ventral right mandible also 

does not provide further information. 

The left palate just caudal to the premaxillary element bears spicules of porous 

bone (Figure 6.19B).   Rostrally and caudally a swath of highly porous bone 1.37cm RC 

is present.  On the lateral aspect of the left palate there is long erosion measuring 0.75cm 

RC, 0.28cm DV and 0.28cm in depth.  In lateral view the maxilla/premaxilla articulation 

is absent as is the caudal quarter of the premaxilla element which reveals an opening into 

the ethmoids.  The rostral fragmentary end of the left maxilla element is a smooth healed 

bone spur (Figure 6.19C).  The margins of the cavity are highly porous and remodeled.  

The bar of the nasals is also gone and the end of the bone is porous and eroded.  The 

radiograph of this area shows significant erosion of the left maxilla element, ethmoid 

element, and possibly the left palatine element with significant proliferative growth 

surrounding the erosive area. 
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Elsewhere in the skeleton the proximal condyles of the tibiotarsus and are eroded 

cranially revealing a latticework of dense trabecular bone.  Below the articular surface are 

numerous enthesophytes which hang down or emerge as polyps from the epiphyses 

(Figure 6.19D).  The texture on these growths is also like latticework and the clumping 

together of the enthesophytes looks like a mammillary or acinar type pattern.  The 

radiograph of the proximal tibial condyles shows the exostotic growth to be purely 

superficial (Figure 6.19e). 

The left tarsometatarsus has a number of features below the tibiotarsal articulation 

but all are sheet-like spurs of bone that have a melted wax appearance.  The caudal edge 

of the proximal articular surface is highly remodeled.  The radiographs are inconclusive 

for this element. 

Diagnostic Intepretation: The thickening of the mandible and coincident exostotic 

growth on the articular surfaces and shaft of the tibia should be compared to the 

Cathartes aura (Turkey Vulture) case report no. 6-27.  For that specimen two 

differentials, osteopetrosis and pulmonary hyptertrophic osteopathy were considered as 

causes of the abnormalities present.  Due to the growth and erosion surrounding the 

articular surfaces, arthropathy (Weisbrode & Doige, 2001, REF.) must also be considered 

in this case.  Because erosion is so prominently involved in this case, which is not typical 

of osteopetrosis or pulmonary hypertrophy osteopathy, arthritis must be considered part 

of the diagnosis.  The presence, however, of spiculated bone on the palate and swollen 

structurally unstable bone in the mandible in addition to the exostotic features in the long 

bones suggests osteopetrosis. 
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 The erosive region on the left side of the skull just caudal to the theca on the left 

palate has the appearance of an unrelated infection.  The absence of pieces of the maxilla 

and general presence of an expanded cavity suggests an osteomyelitic process in which 

bone necrosis may have taken place.  The mechanism of this infection cannot be 

determined, although an abscess should be suspected. 

Inflammatory 
 

Case Report No. 6-29 
Haliaetus leucocephalus ♀ adult (Bald Eagle)  
UWBM 34475 - Possession Point, Whidbey Island, Washington- Jan. 1981 
 

On the left mandible 4.02cm from the caudal extremity there is a large mid-

thickness perforated area measuring approximately 0.50cm RC and 0.20cm DV on the 

lateral aspect communicating to the trabecular bone with significant alteration of the 

surrounding periosteum (Figure 6.20 A, B).  A bone spur extends outwards 1.42cm 

rostral to the opening on the lateral aspect.   On the lingual aspect 5.50cm rostral to the 

caudal extremity there is a mid-thickness perforative lesion measuring approximately 

0.40cm RC and 0.20cm DV.    There is a blood vessel supplying the region. 

Diagnostic Interpretation: Infections within the mandible of raptors are rare; 

however, this is consistent with a granulomatous process arising from capilliariasis 

(Heidenreich, 1995).  The presence of permanent angiogenesis into the region is 

indicative of a chronic infection.  Differentials include trichomoniasis and a non-specific 

abscess.  
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Case Report No. 6-30 
Pandion haliaetus ♀ adult (Osprey) USNM  610345 – Kalmar, Sweden – Aug. 1985, 

Case Report No. 6-31 
Pandion haliaetus ♀ adult USNM 623392 Grand Turk Island , Turks Islands- May, 1998, 

Case Report No. 6-32 
Pandion haliaetus ♂ adult USNM 431396 – White Sulfur Springs, WV – Summer, 1960,  

Case Report No. 6-33 
Pandion haliaetus USNM 500993 – Turkey Pt., FL  

Case Report No. 6-34 
Pandion haliaetus USNM 432024 – White Sulfur Springs, WV,  

Case Report No. 6-35 
Pandion haliaetus ♀ adult USNM  614480 – St. Michaels, MD- May, 1985,  

Case Report No. 6-36 
Pandion haliaetus ♀ USNM 561851 – Bozman, MD- July, 1980,  

Case Report No. 6-37 
Pandion haliaetus ♀ USNM 561855 – Wye Island, MD – Jun. 1970, 

Case Report No. 6-38 
Pandion haliaetus ♀ USNM 612211 – Cobb Island, VA – Jun. 1924,  

Case Report No. 6-39 
Pandion haliaetus ♀ USNM 561853 – Wye Island, MD –June, 1968  

Case Report No. 6-40 
Coragyps atratus ~adult  (Black Vulture) USNM 559658 
 Savannah River Plantation, SC- Apr. 1983, 
 
Case Report No. 6-41 
Coragyps atratus ~adult USNM 289772 – Magdalena, Santa Marta Region, Colombia,  

Case Report No. 6-42 
Coragyps atratus USNM 428567 - Colombia, 
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Case Report No. 6-43 
Coragyps atratus  USNM 430615 Bocas del toro,  Shephard Islands, Panama – Feb. 1958 

Grouped Description: Several disseminated oval holes on the palatine elements 

less than 0.25-0.50cm in diameter are present with thinned edges and no set distribution.  

No surrounding alteration of bone density was noted.  An additional case, no. 6-14, of 

Haliaetus leucocephalus (Bald Eagle) has a small perforation on the left palatine 

measuring 0.17cm RC and 0.07cm ML approximately 2.50 cm rostral to the articulation 

of the palatine elements with the pterygoid elements. 

Grouped Diagnostic Interpretation: These holes (Figure 6.21) have little 

diagnostic characteristics other than the presence of thinned edges.  If the interpretation is 

taken that these are abnormal features and not the result of individual variation, then this 

pattern of abnormalities suggests an infectious etiopathegenesis.  As has been discussed 

in previous cases, stomatitis is a disseminated palatal infection with multiple varieties and 

causes.  In raptors stomatitis is frequently associated with raptor poxvirus (Heidenreich, 

1995), trichomoniasis (Cooper, 2002), capillariasis (Heidenreich, 1995), pseudomoniasis 

(Cooper, 2002) and candidiasis (Cooper, 2002).  

All  of these diseases are infectious subsets of stomatitis and the lesions on the 

bone are inferred as secondary effects of soft-tissue granulomatous plaques.   

Trichomoniasis causes extensive erosions (Heidenreich, 1995), and candidiasis is not 

likely to be a common infection as it is linked to immunosuppression (Harrison & 

Lightfoot, 2006).  Capillariasis causes growths within the mandible but only in the oral 

mucosa, not within the hard palate (Heidenreich, 1995).  Pseudomoniasis is a potential 

sequella to capilliariasis (Cooper, 2002), so it can be discounted as a cause of these 
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lesions.  This leaves the raptor poxvirus which causes small disseminated lesions in the 

palate of approximately the same size range (Heidenreich, 1995), and is a common 

affliction of raptors.  However, raptor poxvirus also typically affects the beak at the 

corners of the mouth (ibid), which was not present for examination on these specimens.  

Therefore, these specimens are given the diagnosis of non-specific stomatitis.  The 

possibility of some other disease, such as hypocalcemia in egg-laying females cannot be 

entirely ruled out. 

Case Report No. 6-44 
Coragyps atratus (Black Vulture) USNM 428567 – Colombia   

There is a small perforation in the caudal left palatine element 0.14cm from the 

midline.  No other significant abnormal features in this individual were evident. 

Diagnostic Interpretation: The diagnosis and differentials for this specimen should 

be aligned with the previous black vulture and osprey cases, however, the presence of a 

single perforation suggests individual variation as well. 

Case Report No. 6-45 
Coragyps atratus ~adult (Black Vulture) USNM 430615   
Bocas del toro,  Shephard Islands, Panama – Feb. 1958 
 
A small perforation in the left palatine element is present with no other diagnostic 

features (Figure 6.22). 

Diagnostic Interpretation: The diagnosis and differentials are the same as the 

previous case.  No other significant abnormal features in this individual were evident. 
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Anomalous 
 

Case Report No. 6-46 
Haliaetus leucocephalus (Bald Eagle) UWBM 41986  

Pinhole perforations are present in the left palate.  Some porous bone and thinning 

in the surrounding area leads to diagnostic uncertainty. 

Diagnostic Interpretation: The diffuse porous bone in the skull leads one to 

conclude that these pinhole perforations in the skull are the result of decreased bone 

density in the animal rather than some variety of developmental irregularity.  Over 

preparation in chemicals could also be suspected, as could individual variation.  This case 

cannot be resolved diagnostically. 
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Figure 6.2. Anomalopteryx didiformis (Lesser Bush Moa) DM S 24503.  A swelling on 
the left mandible could have resulted from stomatitis but further evidence is needed. 
 
 

 
 

Figure 6.3. Casuarius casuarius  (Double-Wattled Cassowary) QM 30604.  Resorptive 
lesions on the caudal end of the palate are interpreted as resulting from pseudomoniasis 
(Olsen, 2003). 
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Figure 6.4. Anomalopteryx didiformis (Lesser Bush Moa) DM S 24432.  The left 
mandible has an open swelling exhibiting surrounding eroded bone.  This is interpreted as 
osteomyelitis. 
 

 
 
Figure 6.5. Anomalopteryx didiformis (Lesser Bush Moa) DM 38908.  The lateral aspect 
of the right mandible has a small bony proliferation which is inferred to have resulted 
from a metabolic disease such as osteopetrosis. 
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Figure 6.6. Euryapteryx geranoides (North Island Broad-Billed Moa) AMNH FB7384.  
Small bony proliferations around the surangular foramen are inferred as having been the 
result of osteopetrosis. 
 

 
 
Figure 6.7. Emeus crassus (Eastern Moa) AMNH FB63.  A small domed growth on the 
medial aspect of the mandible seen here is interpreted as an osteoma. 
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Figure 6.8. Pachyornis australis (Crested Moa) DM S 23056.  On the lingual aspect of 
the left mandible there is a small domed growth similar to the previous case and also 
inferred to be an osteoma. 
 

 
   A.

 
Figure 6.9. Anomalopteryx didiformis ~adult (Lesser Bush Moa) DM 38903.  On the 
lateral aspect of the left mandible there is highly segmented irregular growth (A).   
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B.

 
Figure 6.9. (continued) Anomalopteryx didiformis ~adult (Lesser Bush Moa) DM 38903.  
On the radiographic image on the left (ventral-dorsal) and on the right (dorsal-ventral) in 
(B.), the figure is evidenced as a poorly emarginated mixed density entity.  The growth is 
interpreted as an osteosarcoma. 
 

 
 
Figure 6.10. Emeus crassus (Eastern Moa) AMNH FB58.   A well-emarginated bony spur 
is present on the lingual aspect of the right surangular as seen here.  The bone 
composition and morphology of the feature made diagnosis inconclusive. 



  
 

195 

 
 
Figure 6.12. Meleagris gallopavo (Wild Turkey) UWBM 43398. The ventral aspect of 
the lower jaw is thickened which is inferred to have resulted from stomatitis. 
 

 
 
Figure 6.13. Dendragapus obscurus (Blue Grouse) UWBM 57072.  On the ventral aspect 
of the jaw there is a small domed growth which is well emarginated and composed of 
periosteal bone.  It is interpreted to be an osteoma. 
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Figure 6.14.  On the left splenial there is a small button-like well emarginated bone 
growth which is inferred to be an osteoma. 
 

 
 
Figure 6.15. Haliaetus leucocephalus (Bald Eagle) UWBM 20704.  Proximal to the 
articulation of the left mandible there is a large fracture callus. 
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Figure 6.16.  Three small exostoses are observable on the right mandible slightly caudal 
to the midpoint.  These are evidence of superficial trauma and subsequent periosteal 
reaction. 
 

 
 
Figure 6.17. Haliaetus leucocephalus ~adult (Bald Eagle) UWBM 37639.  On the lateral 
aspect of the left mandible there is a small exostosis probably also resulting from 
superficial trauma. A. 
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A. 

 

B. 
 

 
6.18. Cathartes aura (Turkey Vulture) USNM 621368.  The left humerus has an open 
taphonomic fracture which allows examination of an exostotitic development on the mid-
shaft.  Porous bone coats the periosteum and can be viewed coating the endosteum as 
well.  In concert with the growth on the jaw, these features indicate pulmonary 
hyptertrophic osteopathy as the diagnosis for this individual. 
 

 
A. 

 
Figure 6.19. Haliaetus leucocephalus (Bald Eagle) USNM 615005.  In (A) a collapsed 
area can be seen on the left ventral mandible.   
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B.

 

 
C.

 
Figure 6.19. (continued) Haliaetus leucocephalus (Bald Eagle) USNM 615005 A small 
erosion and some speculation can be seen on the palate in (B).  The left maxilla is 
missing parts of the lower bar and there is an erosion into the ethmoids (C).   
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D.

 

 
 

 

igure 6.19. (continued) Haliaetus leucocephalus (Bald Eagle) USNM 615005.   
are 

 to 

E.

F
Enthesophytes and erosion can be seen (D) on the ends of the tibia and fibula and 
visible as superficial (E).  This individual was interpreted to have osteopetrosis leading
proliferation of exostosal bone and instability. 
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A.

 

 

B.

B.

 
Figure 6.20. Haliaetus leucocephalus (Bald Eagle) UWBM 34475.  A large perforative 
lesion can be seen on the lateral aspect of the left mandible (A) with surrounding 
thickening of the bone.  The medial aspect has two mid-thickness perforative lesions with 
little surrounding thickening.  This specimen was interpreted as having lesions resulting 
from capilliariasis. 
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Figure 6.21. Coragyps atratus ~adult  (Black Vulture) USNM 559658. This figure shows 
the type of palatal perforations present in many specimens diagnosed with stomatitis. 
 

 
 
Figure 6.22. Coragyps atratus ~adult (Black Vulture) USNM 430615.  On the left 
palatine there is a small perforative lesion.  Without a pattern of lesions as in Figure 6.21, 
no diagnosis could be made, but stomatitis is suspected. 
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CHAPTER 7 

SQUAMATE AND MAMMALIAN 

 CASE REPORTS AND DIAGNOSTIC INTERPRETATION 

Introduction 

 
 Iguanas, monotremes and marsupials were chosen as outgroups because other 

paleopathology researchers have relied on comparative pathology diagnoses drawn from 

mammalian groups and non-archosaurian reptiles (Rothschild & Martin, 1993).  In order 

to make an even comparison to these methods, this study included individuals from these 

groups.  Placental mammals were not included because of the extensive research which 

has already taken place on oral pathology within Eutheria; therefore, reference can be 

easily made to available resources on the subject. 

Squamata: Iguanids 

 
Individuals from four species of iguanids totaling 188 specimens were examined 

as a comparative outgroup to archosaurs.  The majority of the specimens examined were 

Conolophus subcristatus and Amblyrhynchus cristatus.  Iguanids were chosen as an 

outgroup because they are squamates and are a relatively close outgroup to archosaurs 

(Benton, 2004).  Iguanids are also kept extensively in zoological collections and have 

been studied in the wild. 
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Elements of the Iguanid Skull 

The iguanid skull is figured in the following photographs  (Figure 7.1) with the 

different elements of the skull labeled.  These elements are referred to throughout the text 

for which this figure provides reference.  

Age Estimations 

For specimens bearing a “~” before the age (e.g. adult, juvenile, nestling, etc..), 

there are age estimations made based upon relative size of the individual, degree of 

cranial fusion, and relative development of cranial bones.  These are estimations only for 

individuals for which the data was unavailable and are not intended to be exact 

identifications. A. 

 

 
Figure 7.1- A. This is the lateral view of the iguana skull (UWZS 33040). Abbreviations: 
d. = dentary, pm. = premaxilla, max. = maxilla, sur.= surangular, ang. =angular, art.= 
articular 
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.

Figure 7.1 (continued) B. The ventral view of the iguana skull.  Abbreviations: 
dentary, pm. = premaxilla, max. = maxilla, ang. =angular, pal.=palatine, ptr.=pt
 

Case Report Numbering 
 
Case reports in this chapter are numbered according to chapter number and con

ordering.  Therefore, the first case is numbered (7 - 1). 

 

 

 

 

B

d. = 
erygoid. 

secutive 
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Trauma 
 

Case Report No. 7-1 
Conolophus subcristatus adult (Galapagos Land Iguana)  
UWZS 33034 - Santa Cruz, Cerro Dragon, Galapagos Islands, Ecuador, 1976  
 

A bony swelling measuring approximately 0.25cm long and 0.10cm wide is 

present on the mandible below the 14th tooth (Figure 7.2).  The mark is small and angled 

and shows obvious signs of healing. 

Diagnostic Interpretation: Periosteal reaction in this pattern is likely the result of 

superficial trauma to the jaw.  How this trauma occurred is uncertain.  The injury is non-

specific in nature. 

Case Report No. 7-2 
Conolophus subcristatus ♂ adult (Galapagos Land Iguana) 
UWZS 33037 - Santa Cruz, Cerro Dragon, Galapagos Islands, Ecuador, 1976 
 

The caudal portion of the left mandible has a 1.80cm long ramus of the articular 

element projecting medially of which the most medial 0.70cm appears to be composed of 

proliferative, woven bone (Figure 7.3).  The last 0.30cm of this area consists of a spur 

which has a necked and an expanded region. 

Diagnostic Interpretation: Bone spurs of this extent resulting from an exostosal 

anomaly have not been observed.  This could be a novel developmental construction; 

however the presence of distortion of the bone fabric, solid woven bone and extraneous 

bone growth suggests a callus.  This bone spur is the resolution of an articular element 

fracture. 
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Inflammatory 

Case Report No. 7-3 
Amblyrhynchus cristatus ♂ adult (Galapagos Marine Iguana) 
UWZS 30228 - Fernandina, E. of Cape Douglas, Galapagos Islands, 1989 
 

The right maxilla element has two approximately 0.10-0.20cm RC regions of mild 

embayment along the articular surface of the dorsal ramus. 

Case Report No. 7-4 
Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana)  
UWZS 32689 - Pinta, Galapagos Islands, Ecuador, 1993 
 

The right maxilla element has a circular erosive area measuring 0.12cm RC and 

0.01cm DV 0.41 cm from the caudal articulation.  The erosion has a small island of bone 

in the center. 

Case Report No. 7-5 
Amblyrhynchus cristatus juvenile (Galapagos Marine Iguana) 
UWZS 28619 - Galapagos Islands, Ecuador, 1985 
 

The left maxilla element has a circular erosive area measuring 0.18cm RC and 

0.23cm DV with a small island of bone in the center, 0.27cm ventral to the dorsal 

articulation along the caudal border (Figure 7.4). 

Case Report no. 7-6 
Amblyrhynchus cristatus adult (Galapagos Marine Iguana) 
UWZS 29652 - Fernandina, Punta Espinosa, Galapagos Islands, Ecuador, 1985 
 

Two minute perforations are present in the dorsal ramus of the maxilla element at 

the level of the maxilla measuring approximately 0.10 cm in diameter. 
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Case Report No. 7-7 
Amblyrhynchus cristatus ~ adult (Galapagos Marine Iguana) 
UWZS 28609 - Punta Espinosa, Fernandina, Galapagos Islands, Ecuador, 1985 
 

The dorsal ramus of the left maxilla element has an area of porous low density 

bone along the articular surface measuring 0.31cm RC and 0.38 cm DV (Figure 7.5).  

The caudal portion of the abnormal area features a thinned crescent-shaped trough.  The 

surrounding periosteum shows no inflammation and there is a sharp transition between 

the normal periosteum and the abnormal area. 

Grouped Diagnostic Interpretation for 7-3, 7-4, 7-5, 7-6, 7-7: The known 

differentials for these cases are superficial abscesses (Frye, 1991), and osteomyelitis 

(Mehler et al., 2003) which is known to be erosive but non-proliferative in ‘reptiles’ 

(Montali, 1988).  The limited size of these features makes the differentiation between 

these diagnoses difficult; however, the lack of surrounding erosions in the other adjacent 

elements suggests a restricted process such as an abscess. Consideration should be given 

to the fact that this condition is only present in A. cristatus individuals. 

Case Report No. 7-8 
Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana) UWZS unnumbered 
 

Two abnormalities are present on the left maxilla element of this specimen.  The 

first feature is present along the rostral edge at the level of the tooth row.  It is a semi-

circular erosive lesion with bony spicules projecting along the dorsal edge (Figure 7.6).  

The second feature is a toothless porous groove in the dental arcade with scalloped bone 

along the ventral edge (Figure 7.7). 

Diagnostic Interpretation: Necrosis in the periodontal region occurs for several 

reasons including trauma to the area leading to infarction of blood vessels, infection 

leading to localized necrosis, and recession of the gum line leading to air exposure and 
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necrosis of the periosteum as personally observed in water dragons from Dreamworld, 

Gold Coast, Australia (Figure 7.8, 7.9).  Given the diffuse nature of the necrosis, this is 

probably a case of gum line recession or acute periodontal disease, which occurs 

frequently in acrodont squamates, although it has not been typically reported in 

squamates with pleuroodont dentition (Barten, 2006). 

Case Report No. 7-9 
Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana) UWZS 32692  
Prince Phillip’s Steps, Darwin’s Bay, Genovesa, Galapagos Islands, Ecuador, 1993 
 

The periodontal region on the buccal aspect of the left maxilla element exhibits a 

0.30cm long region of necrotic-looking porous bone 0.80cm rostral to the caudal margin 

of the element (Figure 7.10). 

Diagnostic Interpretation: This case shares the same differentials as the previous 

case.  The diagnostic interpretation of acute periodontal disease applies to this specimen 

as well. 

Congenital/Developmental 
 

Case Report No. 7-10 
Conolophus subcristatus ~adult (Galapagos Land Iguana) 
UWZS 28659 - South Plaza, Galapagos Islands, Ecuador, 1985 
 

This specimen has an impacted tooth in the fourth dental groove on the right 

mandible.  The tooth shaft bends laterally back onto itself (Figure 7.11). 

Diagnostic Interpretation:   Most etiologies for tooth deformity are either 

nutritional, developmental or traumatic (Barten, 2006; Huchzermeyer, 2003).  The tooth 

is erupting along a groove in the mandible, and the infolding of the tooth would indicate  
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either a temporary impaction during growth or some other process.  There is a possibility 

that the appearance of a fold is incorrect, and this area is simply a temporary thickening 

due to enamel hyperplasia, driven by endocrine dysfunction. 

Nutritional/Metabolic 
 

Case Report No. 7-11 
Amblyrhynchus cristatus (Galapagos Marine Iguana) 
UWZS 28617 - Espinola, Pinta, Galapagos Islands, Ecuador, 1985 
 

The left articular element has an isolated island of bone the size of a coarse sand 

grain suspended in a trough of porous bone measuring 0.12cm RC, 0.01cm DV and 

0.12cm in depth on the rostral end of the element.  The bone was exceedingly fragile in 

this area. 

Diagnostic Interpretation: This bone resembles the osteoporotic conditions 

described in crocodiles in Chapter 4.  Other possibilities include osteomyelitis (Mehler et 

al., 2003), and osteogenic sarcoma (Frye, 1991) although this condition has only been 

observed in a python previously.  Because of the reduction in surrounding bone density a 

diagnosis of osteopenia is supported although the pattern cannot be defined in the 

absence of other skeletal evidence. 

Neoplasia 
 

Case Report No. 7-12 
Conolophus subcristatus ~ adult (Galapagos Land Iguana)  
UWZS 33197 - Cerro Dragon, Santa Cruz, Galapagos Islands, Ecuador, 1976 
 

A small polyp-like growth 0.26cm in relief and 0.20cm wide is visible coming off 

of the right articular element region 2.10cm rostral to the caudal mandibular margin 
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(7.12A).  The growth appears smooth and bi-lobed under 40x stereomicroscopic 

magnification (7.12B). The composition of the structure appears to be periosteal bone. 

Diagnostic Interpretation: This type of growth cannot be located in the literature 

but its nature can be defined.  It appears to be a benign growth, as it lacks both the 

disorganization and encroachment that malignant tumors possess.  Its extensive stalk 

suggests long-term development, and the lobularity of the growth at its apex 

differentiates it from osteoma.  This tumor cannot be diagnosed but can be assigned a 

condition description.   

Case Report No. 7-13 
Conolophus subcristatus ~adult (Galapagos Land Iguana) 
UWZS 33030 - North Seymour, Galapagos Islands, Ecuador, 1974 
 

The abnormality is a raised, smooth textured peg-like spur 0.38cm above the 

ventral edge and 5.85cm caudal to the mandibular symphysis on the lingual aspect of the 

angular measuring 0.26cm in circumference and 0.11cm high (Figure 7.13).  The feature 

is focal in nature and unified with some mushrooming of the crown. This peg lacks the 

sheen of surrounding periosteum. The skeleton has separate but probably unrelated 

arthritic areas. 

Diagnostic Interpretation: The lack of differentiation and good emargination of 

this growth suggest an osteoma.  No other diagnostic possibilities are evident. 
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Miscellaneous 
 

Case Report No. 7-14 
Conolophus subcristatus (Galapagos Land Iguana) 
UWZS 33013 - Sierra Nigra, Isabella, Galapagos Islands, Ecuador, 1978 
 

Right maxilla element has extensive exposure of underlying compact bone 

surfaces, although it is unclear as to whether this is a weathering related artifact or not.  

No other abnormalities of note were present on the specimen. 

Diagnostic Interpretation: There is too much post-mortem alteration to diagnose 

this to a particular condition. 

Case Report No. 7-15 
Conolophus subcristatus (Galapagos Land Iguana) 
UWZS 30723 - Isabella, Cartago Bay, Galapagos Islands, 1978 
 

An indented gash is present on the mandible without any evidence of remodeling.  

This is presumed to have occurred either post or ante-mortem.  No other abnormalities of 

note are present on the specimen. 

Diagnostic Interpretation: As with other specimens that were housed in the 

UWZS collections from the Galapagos, this injury is most likely the result of a dog 

attack.  However, the more mundane explanation that the iguana caused the injury itself, 

or that the remains suffered some damage is also possible.   

Synapsida: Theria 

 
Previously, many of the differential diagnoses in paleopathology were made using 

diseases that have been identified in human and domestic animal pathology (Rothschild 

& Martin, 1993).   A small subset of monotreme and marsupial mammals totaling 236 
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individuals was used in this study to provide additional evidence of the profound 

differences that exist between mammal abnormalities and those of archosaurs.  An 

extensive record is already present in the literature of placental mammal pathology (e.g. 

Baker & Brothwell, 1980) that is clearly different than that noted in archosaurs in 

Chapter 3.   The species selected were all of the monotremes, the common ringtail 

possum, the Tasmanian devil and the Virginia opossum.  Specimens of  Thylacinus 

cynocephalus (Tasmanian Tiger) and Trichosurus vulpecula (Common Brush Tailed 

Possum) were also examined but the skulls proved to have little or no bone pathology, 

and therefore were not included or measured in the study.   

Elements of the Mammalian Skull 

The primitive mammal skull is figured in the following photographs (Figure 7.14) 

with the different elements of the skull labeled.  These elements are referred to 

throughout the text for which this figure provides reference.  

Trauma 
 

Case Report No. 7-16 
Tachyglossus aculeatus ♂ ~adult (Short-beaked Echidna) 
QM J7408 - South Brisbane, Queensland, Australia, 1948 
 

A minimally remodeled fracture of the nasal elements measuring 1.50cm RC is 

associated with thickening of the premaxillary and maxillary palatal surfaces and 

thickening of the fracture margins (Figure 7.15). 

Diagnostic Interpretation: Although this is a wild echidna, this injury is probably 

the result of motor vehicle trauma.  Such trauma was observed in a case from the 

Currumbin Wildlife Sanctuary (Figures 7.16).  Another possibility is that this wound was 
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inflicted by a predator, such as a dingo or dog.  No tooth marks were evident on the 

specimen however during examination.  A minimal force would be needed to fracture the 

rostrum as this structure is very fragile (Clarke, 2003).   

A.

 

 
Figure 7.14 A. and B. The lateral and palatal views of the marsupial skull (Thylacinus 
USNM 49723).  Abbreviations mand. = mandible, pm. = premaxilla, max. = maxilla, 
pal.= palatine, ptr.= pterygoid, ch. = choanae. 
A.
B.
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Case Report No. 7-17 
Tachyglossus aculeatus ~adult (Short-beaked Echidna) 
QM J3855 - Bellevue Station, South East Queensland, Australia, 1923 
 

The distal mandible is likely fractured and bears extensive development of 

exostotic bone surrounding the mandibular symphysis in the last 1.00cm (Figure 7.17).  

The rostral margin of the skull has been amputated caudal to the nares and exhibits 

similar proliferation of exostotic bone. 

Diagnostic Interpretation: Echidnas are frequently the victim of trauma to the 

distal rostrum and jaws due to motor vehicle traffic (see case report 7-14) or some other 

traumatic cause.  This individual is most likely lacking the end of the rostrum from 

traumatic amputation or absorption of comminuted fracture bone fragments as a sequela 

to sepsis and necrosis.     

Inflammatory 
 

Case Report No. 7-18 
Sarcophilus laniarius ♂ ~adult (Tasmanian Devil) 
USNM 238343 - Smithton, Tasmania, 1921 
 

The right M2 is gone except for the lateral and medial roots.  The caudal socket is 

closed over and filled with an alveolar/porous bone (Figure 7.18A).  2.37cm dorsal to the 

M2 the maxilla element has a perforated region surrounded by  a region of remodeled and 

caved in bone measuring 0.51cm RC and 0.48cm DV with ragged edges.  This opening 

communicates with the cribriform plate and other divisions of the ethmoids (Figure 

7.18B). 

Diagnostic Interpretation: The absence of one of the tooth roots and the upper half 

of the tooth is probably traumatic, as the tooth roots are sheared off just below the base of 

the tooth.  The subsequent development of an abscess in this region due to the seeding of 
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microbes into the trauma site is probable.  The region above M2 was abscessed during 

life.  Similar features are figured in Colyer’s Diseases of the Teeth of Animals (Miles & 

Grigson, 2002), and have been personally observed by the author in modern animals.  

Abscesses form via infection of the tooth root, formation of an isolated granulomatous 

inflammation, and subsequent build-up of a suppurative infection.  With increasing fluid 

accumulation and necrosis of tissue due to acute infection, a fistula is developed leading 

to the external surface which is then perforated and purulent exudate is released at the 

surface, draining the abscessed region (Kumar et al., 2005).  The closure of the alveolar 

root can be hypothesized to result from the lack of replacement of the lost tooth, which 

led to remodeling of the root region and eventual closure of the socket.  

 It is also possible that an unrelated process to the trauma occurred within the 

nasal passages and led to the formation of the abscess, either through neoplastic 

development with fringing infection or necrosis, or some unknown parasitic or infectious 

entity.  However, the proximity of the two features and the circumstances of the tooth 

loss favor a concerted process. 

Case Report No. 7-19 
Pseudocheirus peregrinus  ~adult (Common Ring-tailed Possum) 
QM JM 1491 - Burpengary. South East Queensland, Australia 
 

On the right mandible opposite the symphysis are several small erosive lesions 

surrounded by very porous surface texture measuring 0.91cm RC, 0.60cm ML and 0.35 

cm DV (Figure 7.19).  One larger lesion is located below PM-2 and appears to be an 

erosional enlargement of the mandibular nutrient foramen from 0.1cm RC to 0.3cm RC 

when viewed in comparison to the opposite side of the mandible.  This lesion presents 

with an abscessed appearance. 
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Diagnostic Interpretation:  Mandibular osteomyelitis is a common occurrence in 

mammals, and can result from an infection of the tooth root or periodontal region that 

leads to inflammation and buildup of suppurative infection within the bone interior 

(Clarke, 2003).  Porous erosive regions can also arise. 

Case Report No. 7-20 
Sarcophilus laniarius  ~adult (Tasmanian Devil) 
USNM 173904 - Tasmania, Australia 1911 
 

An area of eroded bone with an apparent sequestrum, or isolated island of necrotic 

bone, is present on the ventral aspect of the left mandible (Figure 7.20).  The periosteum 

appears to have collapsed into the eroded region which measures 1.11cm RC, 0.43cm ML 

and 0.42cm DV. 

Diagnostic Interpretation: As in the previous case, some form of mandibular 

osteomyelitis should be suspected in this individual especially because a sequestrum is 

present. 

Congenital/Developmental 
 

Case Report No. 7-21 
Didelphis virginianus ~adult (Virginia Opossum)  
USNM 241178 - Laurel, MD. 1926 
 

The mandibular symphysis does not appear to unite properly in the center (Figure 

7.21). 

Diagnostic Interpretation: This condition could have resulted from many different 

causes although the most obvious would be failure in development during the closure of 

sutures during growth, some form of congenital failure of the fibrous cartilage leading to 

an inability to suture or some form of trauma which has broken apart the suture and 
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caused a malformation which cannot be corrected.  The most likely explanation is a 

variety of fibrous cartilage dysplasia leading to proper formation of the bone but 

improper conformation of the cartilage (Weisbrode & Doige, 2000). 

Anomalous 
 

Case Report No. 7-22 
Sarcophilus laniarius ~ adult (Tasmanian Devil) 
USNM 574489 - Derwent Bridge, Tasmania, Australia 
  

The bone exhibits generalized thickening surrounding the lateral aspect of the left 

palatal fenestra.   At the caudal edge of the fenestra there is a detached ovoid erosion 

measuring approximately 0.30cm RC and 0.15cm ML (Figure 7.22).  There is no 

noticeable alteration of the surrounding bone or other abnormal features of significance 

on this specimen. 

Diagnostic Interpretation: During the examination of the Pseudocheirus 

specimens for this project continual variations were noted in the palatal fenestrae which 

were initially seen as abnormal, but then became an evident normal feature.  Although 

variations in the fenestration of the Sarcophilus palatal fenestrae were not observed in 

other specimens, this experience with another marsupial species suggests a possible 

pattern correlation.  Another possibility could include an erosive infection of some type, 

but the close association with the fenestra mitigates against such a conclusion. 
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Case Report No. 7-23 
Sarcophilus harrissii (=laniarius) (Tasmanian Devil)  
UWZS 27640 - Stonehenge, Central Tasmania, Australia 1996 
 

A small lesion is present proximal to the mandibular symphysis.  There is some 

bone thinning at the right squamosal. No other features of note are present on this 

specimen. 

Diagnostic Interpretation: Bone thinning at the right squamosal could be from 

nutritional disease, such as osteoporosis or other osteopenia related disorder, to which the 

Tasmanian devil, as with most animals is probably susceptible.  The presence of a lesion 

caudal to the mandibular symphysis could be related to anything, and therefore this 

should be noted, but not diagnosed.  It is a non-specific erosion. 

Neoplasia 

 No neoplasia was noted in the mammalian specimens examined.  

 
 
Figure 7.2. Conolophus subcristatus (Galapagos Land Iguana) UWZS 33034.  Ventral to 
the 14th tooth (arrow) is a small angled exostosal ridge.  This is interpreted to have 
resulted from superficial trauma. 
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Figure 7.3. Conolophus subcristatus (Galapagos Land Iguana) UWZS 33037.  The left 
articular has a spur of bone along its medial ramus.  The base of the spur is narrowed and 
the bone lateral to this area has a remodeled porous texture.  This feature is likely the 
result of an overgrown fracture callus. 
 

 
 

Figure 7.4. Amblyrhynchus cristatus (Galapagos Marine Iguana) UWZS 28619. A small 
circular erosive region on the dorsal ramus is probably indicative of an abscess. 
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Figure 7.5. Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana) UWZS 28609.  
On the dorsal ramus there is an area of limited erosive bone which is inferred to have 
resulted from an abscess. 
 

 
 

Figure 7.6. Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana) UWZS 
unnumbered.  There is a semi-circular erosice region in the foreground of this photograph 
of the maxilla that is inferred to have resulted from abscessation. 
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Figure 7.7. Amblyrhynchus cristatus ~adult (Galapagos Marine Iguana) UWZS 
unnumbered.  The tooth rows seen on the right side of this photograph have regionalized 
necrosis which is interpreted to have resulted from periodontal disease. 
  

 
 

Figure 7.8. Water dragon specimen from Dreamworld, Gold Coast, Qld.  This individual 
exhibits recession of the gum line due to severe periodontal disease.  In these cases 
subsequent necrosis ensues throughout the jaw. 
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Figure 7.9. Bearded Dragon specimen from Dreaworld, Gold Coast, Qld.  This individual 
has a similar progression of periodontal disease as the water dragon in the previous 
figure. 

 

 
 

Figure 7.10. Amblyrhynchus cristatus (Galapagos Marine Iguana) UWZS 32692.  There 
are small necrotic regions along the ventral aspect of this element that are inferred to 
have resulted from periodontal disease. 
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Figure 7.11. Conolophus subcristatus (Galapagos Land Iguana) UWZS 28659.  The 
fourth right tooth is impacted.  This is probably the result of a developmental disorder. 
 

 A. 
 

 
B. 

 
Figure 7.12. Conolophus subcristatus (Galapagos Land Iguana) UWZS 33197.  A small  
growth emerges from the right articular and then bifurcates into two lobes.  No growth of 
this type is evident in the literature; however, the division suggests malignancy. 
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Figure 7.13. Conolophus subcristatus (Galapagos Land Iguana) UWZS 33030.  There is a 
small button-shaped well emarginated growth on the medial aspect of the right angular.  
This is interpreted as an osteoma. 
 

 
 

Figure 7.15. Tachyglossus aculeatus (Short-beaked Echidna) QM J7408.  A fracture of 
the nasal region seen here affected the palate as well. 



  
 

226 

 
 

Figure 7.16. A wild echidna specimen seen at Currumbin Wildlife Sanctuary.  Note the 
soft tissue trauma on the nasal region.  The underlying bone was also broken, affecting 
feeding. 
 

 
 

Figure 7.17. Tachyglossus aculeatus (Short-beaked Echidna) QM J3855.  This specimen 
has a severe amputation of the distal cranium and exostotic bone on the distal ends of the 
lower jaws.   
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A. 

 

 

B. 

 
Figure 7.18. Sarcophilus laniarius (Tasmanian Devil) USNM 238343. The right upper 
M2 is fractured off with the lateral and medial roots remaining (a).  The caudal socket has 
closed.  Above M2 just cranial to the orbit there is a large opening surrounded by porous 
remodeled erosive bone (b).  These abnormalities probably represent the aftermath of 
tooth fracture and inoculation of the wound site leading to osteomyelitis and 
abscessation. 
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Figure 7.19. Pseudocheirus peregrinus (Common Ring-tailed Possum) QM JM 1491.  On 
the right mandible on the lateral aspect there are several small erosive lesions 
surrounding the cranial nutrient foramen.  These are interpreted to be the result of 
osteomyelitis. 
 

 
 

Figure 7.20. Sarcophilus laniarius (Tasmanian Devil) USNM 173904 .  The area of 
sunken proliferative and eroded bone proximal to the mandibular symphysis in this photo 
is interpreted to be the result of osteomyelitis.  The small fragment of bone in the center 
of this region is though to be a sequestrum. 
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Figure 7.21. Didelphis virginianus ~adult (Virginia Opossum) USNM 241178.  The 
mandibular symphysis is deformed in this specimen and does not unite properly in the 
center.  A developmental anomaly is suspected. 
 

 
 

Figure 7.22. Sarcophilus laniarius (Tasmanian Devil) USNM 574489.  Miscellaneous 
thickening of the bone from an unknown cause was observed around the normal palatal 
fenestral.  
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CHAPTER 8 

SUMMARY OF CASE REPORTS AND DIAGNOSTIC INTERPRETATION 

Introduction 

 Chapters 4, 5, 6, and 7 provided case reports and diagnostic interpretations of the 

crocodilian, pterosaurian, dinosaurian, avian, mammalian and iguanid specimens 

considered during this study.  This chapter provides tabular summaries of the results of 

diagnostic interpretation for each of these groups.  These summaries are organized 

according to the contents of the previous chapters. Interpretations and discussion of this 

information can be found in Chapter 9: Discussion. The format of these tables is modeled 

after those presented in Patterns of Injury and Illness in Great Apes (Lovell, 1994).  As 

mentioned in Chapter 1, Lovell (1994) also conducted a broad survey of bone pathology 

within a clade. 

Crocodilian Oral Diseases 

 Trauma, inflammation of the palate and neoplasia were the most significant 

categories of crocodilian oral diseases reported in Chapter 4 (Table 8.1) for the 463 

individuals measured.  The incidences of penetrating trauma, stomatitis and fibrosarcoma 

are highest within these etiologies.  Other notable occurrences of disease include 

osteoporosis and the development of abnormally sutured regions on the palate.  This 

abnormal suturing      (case reports 4-1, 4-4, 4-12), has not been reported previously.  The 

presence of multiple cases of individual variation and anomalous diseases within the 

crocodilians should also be noted. 
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Pterosaur and Dinosaur Oral Diseases 
 

Saurischians 

Inflammation and trauma were the most significant component (Table 8.2) of the 

diseases described in tyrannosaurids.  Of these diseases, the ‘typed’ inflammatory 

diseases were the most prominent contributing to 48% of the cases for this group.  Within 

the trauma category, superficial trauma was the most common with 4 cases out of 6 in 

that category and other causes in which this was a component, such as the left surangular 

element in the Gorgosaurus RTMP 2001.36.01.  The discovery of more than twenty 

abnormal cases in a group of 56 individuals represents an extremely high incidence of 

pathology. 

Ornithischians 
 

Inflammation was the most prominent disease factor in this group (Table 8.3).  

Oral diseases in these subjects were rarely encountered, and no true trends are evident.  

The relationships of these diseases to crocodilians and birds will be discussed in Chapter 

9. 

Avian Oral Diseases 

 
Infection, metabolic diseases and neoplasia were the most significant categories 

of avian oral diseases reported in Chapter 6 (Table 8.4) for the 1,294 individuals 

measured.    The incidences of secondary effects of stomatitis, osteopetrosis and osteoma 

are highest within these etiologies.  Other notable occurrences of diseases include 

superficial trauma, abnormalities of skull morphology, and the presence of minute 
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perforations in the palate of some individuals.   The palate was the most common location 

of disease with a total of 62 % of cases occurring in this area.  

Iguana Oral Diseases 

Infection was the most significant cause of disease in the iguana for the 187 

individuals examined (Table 8.5).  The incidence of ‘reptilian’ caseous abscesses was 

highest within this etiology.  The palate of these iguanas was rarely observed, therefore 

only the jaws could be considered for occurrence of disease.  The most frequent 

occurrence of disease in the jaws was on the maxilla which was the site of disease in 69% 

of the cases. 

Mammalian Oral Diseases 

 Infection and trauma were the most significant causes of oral diseases in Chapter 

7 (Table 8.6) for the 236 individuals measured.  The occurrence of osteomyelitis and 

nasal/palatal trauma was highest within these categories.   Oral disease occurred most 

frequently in the jaws of these individuals with a frequency of 63% of the described 

cases. 
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Table 8.1. A summary of oral disease cases reported in crocodiles in Chapter 4. 
 

Crocodilians (n= 463) 
 Alligators Caimans Crocodiles 
Trauma    
  Penetrating 2 2 3 

  Superficial 2  4 
Inflammatory    
  Chronic   1 
  Osteomyelitis 1 1  
  Herp. Abscess 1 1  
  Stomatitis 3 1  
  Dermatitis 1 1 1 
  Fusarium sp. 1 1 1 

Cong./Dev.    

Jaw   
malalignment 

1   

Supernum. tooth 1   

 Blood Vessel  
 Ind.Variation 

 1 2 

Degenerative    

  Osteoporosis   3 
Neoplasia    
  Fibrosarcoma  2 2 
  Unknown   2 
Anomalous 2 2 1 
Miscellaneous    
  Suture Lines   3 
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Table 8.2. A summary of the oral diseases of saurischians in Chapter 5. 
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Table 8.3. A summary of the oral diseases of ornithischians in this study (n =153) 

 Protoceratops Triceratops Hadrosaur 
Congenital    
 Mandible Flexure  1  
Trauma    
  Perimortem    
  Superficial 

  1 

  Superficial  1  
Inflammatory    
  Mandible   
  endosteitis 

 2  

  Stomatitis   1 
Neoplasia    
  Osteoma 1   
Circulatory    
Ischemic Necrosis  1  
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Table 8.4. A summary of oral disease cases reported in avians in Chapter 6. 
 

Avians (n= 1,294) 
 Ratites  

(n=344) 
Galliformes 

(n=696) 
Falconiformes 

(n=214) 
Trauma    
  Mand. Fracture   1 
  Superficial   2 
Inflammatory    
  Endosteitis 1   
  Stomatitis  2 17 
  Osteomyelitis 1   
  Capilliariasis   1 
  Pseudomoniasis 1   
Metabolic    
  Pulmonary 
  Hypertrophic 
  Osteopathy 

  1 

  NSHP  1  
  Osteomalacia  1  
  Osteopetrosis 2   
Cong. /Dev.     
 Brachycephalism    1 
 Bill Asymmetry 1   
 Prognathism  2  
Neoplasia    
  Osteoma 2 1  
  Unknown 
Benign 

1   

  Osteosarcoma 1   
Anomalous    
  Pinhole    
  Perforation 

 2 1 

Miscellaneous    
  Thinning     1 
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Table 8.5.  A summary of oral disease cases reported in iguanids in Chapter 7. 
 

Iguanas (n= 187) 
Trauma  
  Superficial 1 
  Fracture 1 
Inflammatory  
  Caseous Abscess 5 
  Periodontal Disease 2 
Cong./Dev.  
  Tooth Deformity 1 
Nutritional/ Metabolic  
  Osteopenia 1 
Neoplasia  
  Benign (Unknown) 1 
  Malignant (Unknown) 1 

 
Table 8.6. A summary of oral disease cases reported in mammals in Chapter 7. 

 
Monotremes and Marsupials (n= 236) 

Trauma  
  Nasal/ Palatal 2 
  Dental 1 
Inflammatory  
  Abscess 1 
  Osteomyelitis 2 
Cong./Dev.  
  Abnormal 
  Mand. Fusion 

1 

Anomalous  
  Palatal Fenestra 
  Thickening 

1 
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CHAPTER 9 

DISCUSSION 

Introduction 

 
 This chapter concerns the common diseases discovered during the course of 

research and how these diseases compare between phylogenetic groups in the study.  This 

analysis is aided by the illustration of disease commonalities on the data set phylogeny 

illustrated in Chapter 2 (Figure 2.1).  Additional information was taken into account for 

these cladograms from veterinary case studies and general knowledge of vertebrate 

disease responses.  The issue of diseases which could not be identified by extant 

comparisons or reference to veterinary pathology is examined in a later section on 

unknown diseases. 

 The following sections on oral diseases are organized in the same manner as the 

previous sections and make reference to the case report numbers assigned to each 

specimen.  The summary data table (Table 9.1) displays the complete record of oral 

diseases found in this study as classified by disease type. 

Oral Pathology and Comparisons from the Study Set 

Trauma 
 

The most common forms of trauma found in archosaurs can be divided into two 

categories: superficial trauma and penetrating trauma.  Superficial trauma was classified 

in this study as those injuries with associated healing that are longer than they are deep.   
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This generally means that the wound would have been inflicted by a grazing bite of a 

predator or conspecific animal, or an inanimate object such as a tree branch or the rib 

from a carcass.  Penetrating trauma is classified in this study as those wounds with 

associated healing which are deeper than they are long.   

Table 9.1. Summary of Oral Pathology from the Study. Abbreviations: (Cas.)= Caseous; 
(Supp.) = Suppurative; NSHP = Nutritional Secondary Hyperparathyroidism.   
 

Dissertation Data Set (n=  2,443 individuals ) 
 Crocodilians Tyrannosaurs Ornithischians Aves Iguana Mammal

Trauma 
 

      

Perimortem 2 3 1    
Superficial  
 

6 1 1 2 1  

Penetrating 
 

5      

Fracture 
 

 2  1 1 1 

Dental Fracture 
 

     1 

Inflammatory 
 

      

Endosteitis 
 

  2 1   

Chronic  
Inflammation 
 

1      

Dermatitis 
 

3      

Caseous 
Abscess 
 

2 4   5  

Suppurative 
Abscess 
 

     1 

Periodontal Dis. 
 

    2  

Stomatitis: 
Non- Specific 
 

4  1 19   
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 Crocodilians Tyrannosaurs Ornithischians Aves Iguana Mammal
Stomatitis: 
Capilliariasis 

   1   

Stomatitis: 
Trichomoniasis 
 

 7     

Fusarium sp. 
Necrotizing 
Infection 
 

3      

Osteomyelitis 
 

2   1  2 

Non-Specific 
Deep Infection 
 

 1     

Congenital/ 
Developmental 

      

Jaw 
malalignment 
 

2  1    

Supernumerary 
Tooth 
 

1      

Prognathism 
 

   2   

Tooth Deformity 
 

    1  

Bill Asymmetry 
 

   1   

Brachycephalism 
 

   1   

Blood Vessel 
Variation 
 

3      

Abnormal  
Mandibular 
Fusion 
 

     1 

Metabolic 
 

      

Pulmonary 
Hypertrophic 
Osteopathy 

    
1 
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 Crocodilians Tyrannosaurs Ornithischians Aves Iguana Mammal
NSHP 
 

   1   

Osteomalacia 
 

   1   

Osteopetrosis 
 

   2   

Osteopenia 
 

    1  

Neoplasia 
 

      

Osteoma 
 

 1 1 3   

Unknown 
Benign 
 

2      

Osteosarcoma 
 

   1   

Fibrosarcoma 
 

4      

Benign (Unk.) 
 

    1  

Malignant (Unk) 
 

    1  

Circulatory 
 

      

Ischemic 
necrosis 
 

  1    

Anomalous 
 

      

Unknown 
 

5      

Pinhole-sized 
perforations 
 

   3   

Miscellaneous       
Suture Lines 
 

3      

Skull thinning 
 

   1   

Muscle Scarring 
 

 3     
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This refers to wounds inflicted by direct puncturing bites, or from impalement on an 

inanimate object such as exposed bone fragments during feeding.   

Perimortem trauma refers to those cases which have a similar appearance to 

superficial trauma or penetrating trauma but lack remodeling and/or healing.  The term 

‘perimortem’ reflects that the injury was sustained either shortly before death, at the time 

of death or shortly after death.  The inferred scenarios for injury before or at the time of 

death include predation, intraspecific combat, feeding or accidental injury.  The inferred 

scenarios for injury to the bony remains after death include feeding or scavenging of the 

carcass.    

Superficial trauma found fell into the previously described categories of 

remodeled and perimortal lesions.  Remodeled lesions were found in crocodilians (case 

reports 4-3, 4-5, 4-6, 4-8, 4-22, 4-31), a tyrannosaurid (5-4), and two bald eagles (6-25, 6-

26).  These lesions were evident as periosteal reactive bone on the lateral aspect of the 

mandible.  In crocodiles and the tyrannosaurid, these features were interpreted as 

inflammatory responses to grazing wounds such as bites.  The small bumps present on 

the mandibles of the bald eagles have an uncertain history, and could have resulted from 

any type of superficial trauma including feeding. 

 Penetrating trauma can also be divided into remodeled and postmortem 

categories.  A Crocodylus porosus specimen (4-1), an Alligator mississippiensis (5-2) and 

a Caiman yacare (5-4) showed evidence of penetrating wounds to the palate with 

subsequent healing and growth.  The healing of another penetrating injury could not be 

evaluated in an Alligator mississippiensis (4-10) with a depressed palate, but the 
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individual was culled as a juvenile.  These penetrating wounds were inferred as resulting 

from head-biting in crocodilians (Webb & Manolis, 2000). 

 Perimortem trauma is a gray area of disease interpretation because of the 

difficulty in differentiating the feeding trace of a predator or scavenger from marks that 

occurred during life.  A portion of the superficial trauma found in archosaurs bore no 

signs of remodeling.  Three tyrannosaurids (5-5, 5-6, 5-7) and one hadrosaurid (5-26) had 

indentations in the lateral aspect of the mandible potentially indicative of bite marks with 

no remodeling.  The behavior associated with these marks was interpreted as intraspecific 

combat (NB: only for the tyrannosaurids (Tanke & Currie, 1998)), predation or 

scavenging. 

Perimortal penetrating trauma was observed in a Caiman yacare (4-7) as arcuate 

bite marks with no associated healing in the lateral aspect of the dentary.   A specimen of 

Crocodylus intermedius (4-9) exhibited unhealed arcuate bite marks in the palate and an 

unhealed fracture of the lower jaw.  These specimens were interpreted to have acquired 

these wounds through intraspecific attacks, although their juvenile status suggests the 

possibility of cannibalism, or premature intraspecific combat.  The other type of 

perimortal lesions observed were singular depressed fracture lesions in the palate of a 

Caiman yacare and a Crocodylus porosus (4-4, 4-11) inferred to result from self-inflicted 

feeding trauma to the palate prior to death or isolated bite wounds.   

There is a distinct pattern in the superficial and penetrating trauma cases.  In two 

groups, the crocodilians and the tyrannosaurids, there is both remodeled and postmortem 

evidence of probable head biting reported in the literature for both groups (Tanke & 

Currie, 1998; Webb & Manolis, 2000).  The likelihood is that this cannot be inferred as a 
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phylogenetic signal, but rather as evidence of anatomical limitations imposed by combat 

in water, and combat without extensible forelimbs.  However, the presence of possible 

head biting trauma in the type specimen of Labrosaurus ferox (syn. Allosaurus fragilis) 

which does have extensible arms brings this suggestion for tyrannosaurids into question.  

The final cladogram (Figure 9.1) for this pattern in this study shows this feature present 

in the two separate clades. 

 Penetrating feeding trauma was also seen as a pattern in palates but limited in 

distribution to within the crocodilian clade (Figure 9.2).  This may be accounted for by 

the tremendous bite force exerted by crocodilians on their food leading to injuries within 

the oropharynx.  The lack of similar features in observed tyrannosaurids may be the result 

of the mandibular pathology focus of the initial study.  This type of trauma also requires 

further investigation.  

 Another less common traumatic disease was found in the study.  Simple fractures 

with callus resolution were found in the right angulars of two tyrannosaurids (5-2, 5-3), a 

moa mandible(6-5), a bald eagle mandible (6-24), an iguana articular (7-2), and two 

echidna snouts (7-16, 7-17) in this study.  However, simple fractures with callus 

resolution are also understood to occur in the rest of mammals (Weisbrode & Doige, 

2000), the crocodilians (Huchzermeyer, 2003), and galliformes (Saif, 2003) which yields 

a broad phylogenetic distribution (Figure 9.3). 
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Figure 9.1. The phylogenetic distribution of head biting trauma within the study set. 
(Crocodilomorpha refers to those crocodiliforms outside of modern crocodilian taxa) 

    
 

Figure 9.2. The phylogenetic distribution of penetrating trauma from feeding within the  
                   study set. 
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Figure 9.3. The phylogenetic distribution of fracture in the data set indicate a general 
vertebrate distribution for the feature (Weisbrode & Doige, 2000; Huchzerymeyer, 2001, 
Gilsleider et al., 1994). 
 

Inflammation 

 In the previous section, multiple cases in different taxa were noted in which 

periosteitis, a form of inflammation, resulted from superficial trauma either to the 

mandible or palate.  The other type of inflammation which occurred in more than one 

group of archosaurs was endosteitis.  This inflammatory response within the bone, which 

was noted as swelling of the mandible without associated abnormalities, was seen on the 

ventral aspect Triceratops prorosus (5-27, 5-28) and as a full thickness erosional feature 

in Anomalopteryx didiformis (6-1).   The limited numbers of specimens sampled with this 

condition prevents the evaluation of a phylogenetic signal. 

 Other inflammatory diseases such as dermatitis, ‘reptilian’ abscesses or 

fibriscesses, non-specific and specific types of heterophilic granulomatous stomatitis, and 
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osteomyelitis were found to be phylogenetically distributed in this study.  The cases of 

necrotizing dermatitis seen in the palates of modern crocodilians(4-22, 4-23, 4-24) had a 

similar appearance to the disease as observed in a scute of the Eocene crocodile 

Diplocynodon hantoniensis (MSU-VP-PATH 10-01) (Wolff et al., 2006) and a limited 

phylogenetic distribution (Figue 9.4).  Fusarium sp. fungal infections also showed a 

similar distribution (see Figure 9.5), perhaps because of the superficial nature of the 

infection and its relationship to crocodilian oral flora (Nevarez, 2006). 

The ‘reptilian’ style of abscess (Mader, 2006) or fibriscess (Huchzermeyer, 2003) 

was noted in two different modes from a Caiman crocodilus (4-33) and an Alligator 

mississippiensis (4-44).  One mode was a pressure erosion surrounding the roots of the 

teeth which has also been noted in a specimen of Crocodylus porosus from the 

Queensland Museum in conjunction with extensive dental disease.  The other mode is a 

bowl-shaped pressure erosion which was also described in Chapter 5 in the palate of a 

Rhamphorhynchus muensteri (5-1), and in the side of the mandible in  four 

tyrannosaurids as the described “Type B” lesion (5-16, 5-17, 5-18, 5-19).  These cases 

demonstrate a distribution of caseous oral abscesses in three major archosaur clades; 

Eusuchia, Pterosauria, and Theropoda (see Figure 9.6).  Similar abnormalities to the 

abscesses described in the data set have also been observed in ceratopsians (Tanke & 

Farke, 2006) although not identified as such.  This broadens the distribution to 

ornithischians.  Although it was not reported in this study abscesses are  

also seen in birds as a sequella to localized infection (Harrison & Lightfoot, 2006). 
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Figure 9.4. The phylogenetic distribution of necrotizing dermatitis in the data set shows  
                    that it is limited to the crocodilian clade (Wolff et al., 2006). 

 
 

Figure 9.5. The phylogenetic distribution of Fusarium sp. infection in the data set reveals 
a restriction to crocodilians. 
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Figure 9.6. The phylogenetic distribution as predicted and found in this study and 
reported in the literature (Montali,1988; Saif, 2003; Mader, 2006) of caseous abscesses 
shows a clustering within the clade formed by iguanids and archosaurs. 
 

Lightfoot, 2006).  This finding of caseous abscesses in all archosaurs was predicted by 

the immune and inflammatory responses found within the group (Montali, 1988). 

Specifically, as mentioned in Chapter 1, the ‘reptilian’ inflammatory response involves 

the progression of an infection to the point of producing caseous exudate.   

Microbial stomatitis leading to heterophilic granulomatous plaques which can 

cause bone lesions has multiple causes including viral, bacterial, fungal and parasitic 

pathogens (Mehler & Bennett., 2003, Olsen, 2003).  Non-specific stomatitis and 

trichomoniasis were found as a general feature of archosaur oral pathology.  Stomatitis 

leading to well-developed granulomatous plaques or nodules can be seen to be 
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phylogenetically distributed on the study set cladogram within Archosauria (see Figure 

9.7).  Trichomoniasis, a protozoan parasite induced stomatitis, turned out to be more 

narrowly distributed within the crown clade of Archosauria in the study (Figure 9.8). 

  General stomatitis was interpreted in a Brachylophosaurus specimen (5-30) from 

superficial erosions on the pterygoid which were similar to those found in avians 

diagnostically interpreted as having had stomatitis.  The avian cases had a variety of signs 

associated with them.  In a Casuarius casuarius (6-2) there were distinct circular palatal 

erosions similar to those found in the Brachylophosaurus specimen.    

 
Figure 9.7. This tree shows the phylogenetic distribution of stomatitis as found and  

     predicted by the data set and as found in the literature (Mehler et al., 2003). 
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Figure 9.8. This tree shows the phylogenetic distribution of trichomoniasis in the data set.  
Note the clustering in tyrannosaurs and occurrence in Falconiformes. 
 
Two Meleagris gallopavo (6-11, 6-12) showed thickening of the ventral aspect of the 

mandible which can be associated with stomatitis (Cooper, 2002).  In Pandion haliaetus 

specimens (6-30 to 6-39) and Coragyps atratus specimens (6-40 to 6-43) stomatitis was 

interpreted from disseminated oval holes in the palatines sharing a similar size range and 

random distribution.    

The pattern of disease in these individuals did not allow for a more specific 

diagnostic interpretation.  However, stomatitis is often related to immunosuppression 

(Mehler & Bennett, 2003) or acquisition of pathogens from columbiform prey who are 

vectors for Trichomonas sp. (Real et al., 2000).  Examination of the morphological 

measurements of these individuals (Appendix  C) indicates that the cassowary and turkey 

individuals have skulls in the highest size range for the set of individuals measured.  The 
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osprey and black vulture specimens have skull dimensions which are consistently within 

a centimeter of the average adult skull size of the individuals measured.  This 

commonality in skull maturity suggests that the stomatitis cases may occur in 

immunosuppressed adults or in mature raptors capable of acquiring pathogen-carrying 

prey, which does not resolve the issue. The cases of stomatitis noted in herbivorous 

turkey adults which would not be exposed to prey vector transmission probably relates to 

immunosuppression. 

Trichomoniasis was inferred in tyrannosaurid dinosaurs and in one specimen of 

an osprey (USNM 561853).  This latter specimen exhibits bilateral erosive mandibular 

lesions, an erosive lesion in the palate and an erosive lesion in the keel.  These lesions all 

exhibit the smooth tapered edges and remodeled profile of those seen in tyrannosaurids.  

Trichomoniasis is a type of stomatitis resulting from a protozoan parasite that causes 

small granulomatous mandibular erosive lesions and palatal erosions in falconiformes 

(Heidenreich, 1997).  The lesions originally identified as “Type A” lesions in 

tyrannosaurid specimens (5-8, 5-9, 5-10, 5-11, 5-12, 5-13, 5-14) at the beginning of this 

study were attributed to trichomoniasis due to their morphology and distribution within 

the mandible.   

Capilliariasis, another form of parasitic stomatitis, was noted as a potential cause 

of partial perforation of the mandible in a Haliaetus leucocephalus (6-29).  As a 

comparison, trichomoniasis cases only occurred in larger tyrannosaurid individuals.  

These tyrannosaurids could either have been immunosuppressed, or have had a diet 

which included vectors of the disease.  The presence of trichomoniasis in an osprey and 
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capilliariasis in an eagle, both of whom have measurements in the normal adult range 

cannot resolve the pathogenesis of infection. 

Overall, the secondary effects of granulomatous stomatitis were an important 

diagnostic entity in non-crocodilian archosaurs.   However, the diagnostic interpretation 

of stomatitis in crocodilians was hampered by the lack of a common distribution in 

circular erosive lesions.  It is possible that crocodilian specimens given a different 

diagnostic interpretation than stomatitis may simply have lacked sufficient data to infer 

the disease.  Disseminated heterophilic granulomatous stomatitis is a common disease in 

crocodilians in captivity with many forms of the infection linked to immunosuppression 

(Paré et al., 2006; Mehler & Bennett, 2003; Huchzermeyer, 2003). The presence of 

disseminated heterophilic granulomatous stomatitis in all major archosaur groups in this 

study and squamates (Mehler et al., 2003) and relative absence of this specific mode of 

stomatitis in mammals suggests a phylogenetic signal for this disease.  The ultimate 

similarity in stomatitis in different extant archosaur groups is directly tied to their 

susceptibility to granulomatous infections in archosaurs (Shivaprasad, 2002, Montali, 

1988) as a natural consequence of the inflammatory response.  This style of stomatitis 

would not be expected to progress to the point of deforming the bone in synapsids due to 

the profoundly different immune response (Kumar et al., 2005).  Although oral infections 

such as candidiasis do occur in mammals (Kumar et al., 2005), they do not progress to 

the extent seen in archosaurs (Clarke, 2003).  No cases of stomatitis were observed in any 

mammals examined in this study. 

  Osteomyelitis is an inflammation of the interior of the mandible which is 

associated with infection and perforation of the bone surface (Mader, 2006).  
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Osteomyelitis was noted in two crocodilian specimens (4-7, 4-14) as an erosive process 

on the lateral mandible and in association with tuberculosis respectively.   In a moa 

specimen (6-3) osteomyelitis was also seen in a perforative swelling of the mandible.  

The relationship of the three cases does not provide a strong comparison, and they likely 

all result from different causes.  This makes phylogenetic comparison of the 

etiopathogeneses impossible.  The similarity  of disease morphology in these cases results 

from a similar inflammatory response in archosaurs. 

The cases of infection in iguanas have some similarities and differences in 

comparison with archosaurs.  Perforative resorptions were noted in the maxillae of five 

Amblyrhynchus cristatus individuals (7-3 to 7-7) and referred to abscess erosions.  The 

presentation of abscesses in these individuals is quite different from those seen in the 

crocodilians and tyrannosaurids described earlier.  In those individuals, the abscess 

features were bowl shaped erosions which did not perforate the bone.  In iguanids, 

however, the bony elements are thinner and probably prone to perforate earlier in the 

history of a caseous mass.  The abscess impression seen on the right surangular of 5-17 

probably represents the earlier stages of a similar erosional pattern to that seen in  A. 

cristatus.  The similarity in abscess presentation in iguanids and archosaurs is predicted 

by the presence of similar immune systems (Montali, 1988). 

 For the mammals, certain diseases such as an abscess seen in Sarcophilus 

laniarius (7-18), and osteomyelitis seen in a Pseudocheirus peregrinus specimen (7-19), 

and another Sarcophilus laniarius specimen (7-20) probably had similar infectious 

origins.   As discussed in Chapter 1, however, both abscesses and osteomyelitis differ 

between mammals and archosaurs due to non homologous processes of immune response 
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and inflammation in both groups (Tizard, 1987).  As a result, mammalian abscesses are 

characterized by purulent rather than caseous exudate (except in a subset of diseases such 

as tuberculosis which occur in the lungs and joints (Kumar et al., 2006)) and 

osteomyelitis causes prevalent regional effects because of accumulated fluid.  

Mammalian abscesses cause large cavities within the bone which may have drainage 

channels exiting to the bone surface due to the pressure of accumulating fluid (Baker & 

Brothwell, 1980).  Osteomyelitis in mammals often leads to expansion of the inflamed 

area and formation of networks of lacy proliferative bone, drainage tracts, and pus 

cavities. 

Congenital 

Congenital diseases were not common in the described archosaurian cases.  Two 

fossil Pliocene Alligator mississippiensis (4-45, 4-46) exhibited malalignment of the jaws 

through abnormal indentations of the mandible caused by the teeth in the upper jaw.  A 

specimen of a Triceratops prorosus (5-25) was noted with outward flexure of the 

mandible. Both types of congenital disorder arise from abnormal formation of the jaws 

and are noted in modern farmed crocodilians (Youngprapakorn, 1994); however, the 

survival of extreme examples of this disorder would not be expected because of 

difficulties in acquiring food.  Therefore, this disorder might have a wider spread 

distribution but a lower level of preservation.  The implications for phylogenetic signal 

are unclear given the monospecific sampling of individuals from the study.  The resultant 

effects on feeding would be expected to be more severe in mammals where precise 
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occlusion (Kardong, 2002) is a strong component of feeding as has been observed by the 

author in horses in which malocclusion of the dental arcades leads to severe dysfunction.    

Developmental/ Metabolic 

Although developmental and metabolic diseases are common in modern 

archosaurs, they are generally associated with problems of husbandry (Mader, 2006; 

Crespo & Shivaprasad, 2003) rather than wild individuals (Montague, 1984).  The 

diseases from this category in archosaurs from this study (e.g. brachycephalism, bill 

asymmetry, individual variation in nutrient foramina, nutritional secondary 

hyperparathyroidism, osteomalacia and osteopetrosis) were clustered within Aves.     

Although the developmental disorders appear to be unique to birds in the study, 

the metabolic disorders have a broader distribution within vertebrates.   Despite limited 

case numbers in this study, when data is plotted on the study phylogeny along with 

information from the literature the broad vertebrate pattern is readily evident.  Osteopenia 

is capable of occurring in any vertebrate bone and although it was only observed in an 

iguana in this study, it is known to be distributed throughout vertebrates (Figure 9.9).  

NSHP and osteomalacia are also known only from a limited number of specimens in the 

study, but share a broad vertebrate distribution (Figure 9.10 and 9.11).  Similarly, 

osteoporosis has a similarly low sample size in the study, but the phylogeny demonstrates 

a wide distribution (see Figure 9.12). 

Another metabolic disease, pulmonary hypertrophic osteopathy is not associated 

with husbandry, but was also not distributed in the study set.  As a result of the lack of  
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disseminated cases in this study, developmental and metabolic diseases are not 

anticipated to be a significant future component of other large scale wild and extinct 

archosaurian surveys. 

 
 

Figure 9.9. The phylogenetic distribution of osteopenia inferred from the literature  
      (Banks, 1993) and findings in this study. 
 

 

Figure 9.10. The phylogenetic distribution of nutritional secondary hyperparathyroidism  
 in the sampling group as inferred from the literature (Weisbrode & Doige, 2001; Saif,   
 2003; Mader, 2006) and found in the study. 
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Figure 9.11. The phylogenetic distribution of osteomalacia in the literature   

    (Weisbrode & Doige, 2001; Huchzermeyer, 2003; Saif, 2003) and the data set  
            shows a broad distribution. 

 
Figure 9.12. The phylogenetic distribution of osteoporosis as found in this study and the 

 literature (Shivaprasad, 2002; Saif, 2003; Kumar et al., 2006) shows a broad but 
 somewhat uncertain distribution. 
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Neoplasia 

An osteoma was noted on a specimen of Protoceratops andrewsii (5-31), on an 

Albertosaurus sarcophagus (5-20), on Emeus crassus (6-7) and on Pachyornis australis 

(no. 6-8).  The locations of the abnormalities in the latter three cases was either on the 

splenial or angular in a proportionally similar size. The cause of these features is unclear 

but the similar location in a tyrannosaurid and two species of moa yields an anecdotal 

distribution within the more derived archosaurs. The osteoma in Protoceratops occurred 

on the ventral aspect of the mandible.    

 The other common neoplasm found in the study, fibrosarcoma, was restricted to 

crocodilians.  There is only one previously recorded report of fibrosarcomas (Janert, 

1998) in crocodilians in a zoological specimen of Crocodylus siamensis.  This study 

extends the phylogenetic range of this condition to Crocodylus porosus (4-31, 4-36) and 

also to the caimans Caiman yacare (4-35) and Paleosuchus palpebrosus (4-37). No 

reports of fibrosarcoma affecting the bony palate were found within the literature either 

in archosaurs or outgroups. 

Miscellaneous 

Prominent muscle scarring was observed and recorded on the ventral aspect of the 

dentary of three tyrannosaurid specimens (5-22, 5-23, 5-24).  Most tyrannosaurids exhibit 

some minor amount of scarring on the ventral aspect of the dentary.  This feature was 

assigned to hypertrophy of the intermandibularis.  Similar scarring has also been 

observed on the ventral aspect of the articular in large zoological specimens of Alligator 

mississippiensis.  No avian specimens have been noted with this abnormality.  This 
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indicates either a potential phylogenetic distribution of muscle scarring over a range of 

archosaur phylogeny, or a limited feature in separate groups.  Given the presence of the 

intermandibularis throughout Archosauria (Edgeworth, 1935), this abnormality could 

develop in any archosaur group.  Further research may find more examples of this 

disease. 

Other Described Diseases 
 

Of the other diseases that can be assigned to a diagnostic category, none had an 

observed distribution throughout Archosauria.  The subject of anomalous and 

miscellaneous diseases with distinct patterns will be discussed in the next section. 

Unknown Diseases in Osteological Surveys 

Anomalous and miscellaneous diseases were described in archosaurs during the 

course of this study.   Two prominent examples include the abnormal suturing 

encountered in modern crocodilians (4-1, 4-4, 4-12), and the ventral mandibular muscle 

scarring seen in tyrannosaurs (5-22, 5-23, 5-24).   These conditions have not been 

described in the veterinary or paleontological literature and yet are clearly present in 

multiple individuals and evidently unique to the archosaur groups in which they occur. 

One cannot diagnose every disease that does not match abnormalities in the 

veterinary literature as unknown, and it is equally unhelpful to probe extensive human 

medical literature for diagnoses to apply to distantly related non-hominid species.  

Because of this problem within the history of paleopathology, no new diseases have been 

described from fossil vertebrates, although many abnormalities have been stretched to fit 

modern disease attributes.  This lack of discovery lies in sharp contrast to the rapid rate of 
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appearance for new diseases in the present (e.g. Shope et al. 1992), particularly in non-

domesticated animals.   As a result the field lacks basic protocols for establishing new 

pathologic descriptions and diagnoses.  The unknown, however, has sought out 

recognition on a regular basis in the discarded pile that every palaeopathologist creates of 

‘anomalous’ or unnameable conditions.  In this category lies the greatest potential for 

new discoveries.  If previously unexamined patterns of abnormal symptoms, in specific 

anatomical regions of a taxon or several related taxa can be found then there is no reason 

why this should not be described as a new ancient disease.  

What is proposed here is a method of describing novel diseases discovered in the 

course of osseous pathology surveys.  There are three steps that should be taken to 

conservatively evaluate the existence of novel ancient diseases.  First, a thorough 

description of each condition should be prepared for submission including photographic 

documentation, applicable histology and radiology, variations of the condition observed, 

and specimen data noted for the first occurrence, and subsequent first occurrence of 

condition variants.  Second, a scientifically significant sample size should be established 

sufficient in scope to justify that the condition is not an aberration confined to one 

individual.   Third, the researcher should provide a thorough differential diagnosis for use 

as a comparative tool by subsequent scientists studying the potential phylogenetic 

distribution of the condition, and provide a suitable name.  On the suggestion of 

veterinarians this name should be very specific to the abnormality’s description rather 

than bear the name of a discoverer, locality, or historic figure in the field.   If multiple 

conditions match a similar description, then disease morphotypes and variant subsets can 

be established to reflect this fact. 
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The initial specimen of a condition should be designated as the pathological 

holotype or if there are multiple specimens pathological syntypes.  To be considered a 

new disease, a designation that would be considered higher than condition status, a 

pattern of occurrences of the condition should be established through the description of 

multiple specimens. Based on this rule of classification, and the described protocol there 

is enough data available to define two new diseases that were found within the study set. 

The first disease can be described on the basis of an anomalous condition found in 

three modern crocodilians (4-1, 4-4, 4-12).  The condition was called abnormal suturing 

in the descriptions in the text.   Because Crocodylus porosus QM 39284  (4-1) was the 

first individual in which this condition was noted, it is designated as the pathological 

holotype.  Abnormal suture lines extend “approximately 2.30 cm from the maxillary-

palatine articulation to the caudal and rostral ends of the lesion” (Chapter 4).  The 

resolution of penetrating trauma to the palate is directly associated with the abnormality 

in this specimen.  The diagnostic interpretation suggests that penetrating trauma to the 

palate during a stage of developmental plasticity led to the formation of abnormal suture 

lines.   Therefore, the initial designation of the condition could be given as follows: 

• 

• 

• 

Pathological Holotype: Crocodylus porosus QM 39284 

Condition: Abnormal Suturing 

Description: Additional suture lines extend from existing sutures 

on the palatal surface.  These abnormal sutures are associated with 

a region of penetrating trauma wound resolution. 
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• 

• 

• 

Diagnostic Interpretation:  These additional sutures result from 

remodelling of the palate in response to penetrating trauma during 

a period of developmental plasticity. 

Subsequent cases of the condition establish a pattern that should prompt the 

naming of a new disease.  Case 4-4, Caiman yacare USNM 281832, provides 

corroborating evidence that abnormal suturing is associated with penetrating trauma.  

This specimen has a large piece of bone embedded just above the palate along the medial 

edge of the palatal foramen around which abnormal suture lines have formed.  These 

sutures isolated the area in which the bone was embedded from the rest of the element.  

The individual is an estimated sub-adult, thus suggesting again a level of developmental 

plasticity.   

Case 4-12, Crocodylus porosus QM J47446, is a sub-adult with an abnormal 

suture bisecting the left pterygoid along an abnormal depression interpreted as resulting 

from a space-filling mass.  Although this case is not associated with trauma, it is 

associated with deformation of the palatal surface and occurs in a sub-adult, suggesting 

again the factor of developmental plasticity. This case should be considered a variant 

because the etiology of the abnormality is different . 

With these three cases in mind, abnormal suturing can be described as a disease as 

follows:  

Disease: Cranial Disruptive Suturing Syndrome 

Pathological Holotype: Crocodylus porosus QM 39284 
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• 

• 

• 

Description: Additional suture lines extend from existing sutures 

on the palatal surface.  These abnormal sutures are associated with 

a region of penetrating trauma wound resolution. 

Variant: Abnormal Suturing may also be associated with pressure 

from overlying space filling masses (Crocodylus porosus QM 

J47446).  Variants should be associated with surrounding pressure 

deformity of the palate. 

Diagnostic Interpretation:  These additional sutures result from 

remodelling of the palate in response to penetrating trauma during 

a period of developmental plasticity. 

Additional Case: Caiman yacare USNM 281832.  

This description represents an envisioned standardized format for novel disease 

description presentation.  This style of description should follow a detailed results section 

in which the abnormalities are described in full detail (e.g. Chapter 4). 

In addition to cranial disruptive suturing syndrome (4-1, 4-4, 4-12), another 

condition was discovered during the course study which should be designated as a 

disease via this method. Abnormal muscle scarring was noted on the ventral aspect of the 

dentary in three tyrannosaurid specimens (5-22, 5-23, 5-24).  The first specimen to be 

observed with this condition was a Gorgosaurus sp. RTMP 1994.12.602 and this is 

therefore designated as the pathological holotype.  Striated muscle scarring lines appear 

faintly on the ventral aspect of the dentary overlapping onto the medial aspect in this 

specimen.  These lines were diagnostically interpreted as arising from hypertrophy of the 

intermandibularis muscle (Chapter 5).  Subsequent specimens of a Gorgosaurus libratus 
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(NMNH 12814) and an Albertosaurus sarcophagus (RTMP 2003.45.84) were observed 

with identical abnormal features.  Therefore the disease description is as follows: 

• 

• 

• 

• 

• 

• 

Disease: Hypertrophic intermandibular aponeural scarification 

Pathological Holotype: Gorgosaurus sp. RTMP 1994.12.602 

Description: Faint striations can be observed on the medial and 

ventral aspects of the dentary.   

Diagnostic Interpretation:  These striations likely arise from 

hypertrophy of the intermandibularis muscle and corresponding 

scarring of the bone by aponeuroses.   

Additional Cases: Gorgosaurus libratus (NMNH 12814),  

Albertosaurus sarcophagus (RTMP 2003.45.84) 

Extant Phylogenetic Bracket Comparisons: Ventral muscle 

scarring has been observed in adult zoological crocodile specimens 

on the margins of the posterior articular element suggestive of 

muscle scarring from hypertrophic depressor musculature. 

This description is brief, but provides a succinct identification of the abnormality.   

An additional bullet point may be added for extant phylogenetic bracket comparisons that 

tie the novel disease into the zoological paleopathology approach. 

Two new diseases were just described from this study.  If new diseases are to be 

brought to light in the future, then there must be a level of credibility instilled in the 

system at the very beginning.  Consequently, there should be a detailed standardized  
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systematic assignment of new conditions present in initial publications.  A standardized 

format for paleopathology articles on new conditions, like the one suggested in this 

section, will be needed to maintain a unified approach to this new exploration. 

Comments on Comparison of Archosaur Diseases to Phylogenetic Outgroups 

Iguanids 

The diseases of iguanids are in some cases comparable to those of archosaurs 

because the immune system and inflammatory responses is homologous (Montali, 1988).  

In this study the inflammatory and traumatic diseases were in many cases similar, which 

was discussed earlier in the chapter. 

 Iguanas are phylogenetically located close to the stem of the diapsid tree, and 

have diverged within Lepidosaurimorpha from the stem taxon Sphenodontia (Benton, 

2005).  The main differences between their oral diseases and those of archosaurs are 

based on differences in the anatomy of the feeding apparatus (e.g. pleurodont dentition, 

partial palate, skull construction (Benton, 2005)) and the presence of novel neoplastic 

diseases (7-12, 7-13).   

 In most cases, the phylogenetic proximity of Lepidosaurimorpha to Archosauria 

proved to be a predictor of the possible observable abnormalities in iguanids.  This result 

suggests that other lepidosaurs would provide suitable comparative specimens to 

archosaurs.  
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Monotremes & Marsupials   

The diseases observed in monotremes and marsupials did not resemble those seen 

in archosaurs.  This difference was predicted by the distant phylogenetic divergence of 

synapsids from the archosaur line (Benton, 2005) and the development of an apomorphic 

immunological and inflammatory response. 

 Additional oral diseases affect the jaws and palate in marsupials which have been 

reported in the literature but were not observed during the course of this research.   

Macropods commonly develop periodontal disease which can lead to the development of 

lumpy jaw, a regionalized form of osteomyelitis which creates substantial deformity due 

to erosion and proliferation of bone (Clarke, 2003).  Periodontal disease is also a 

significant factor in koalas, and affects their ultimate life expectancy (Nicolson, pers. 

comm., 2006).  Other diseases of marsupials include dental hyperplasia in the wombat 

leading to poor occlusion (Nicolson, pers. comm.., 2006), koala retrovirus leading to 

craniofacial tumors (Clarke, 2003) and devil facial tumor disease which is cause of high 

mortality in Tasmanian devils (McGlashan et al., 2006).  

 Of the diseases not encountered in this study, periodontal disease is the only one 

which is found in archosaurs, and the evidence of this disease has been observed by the 

author in captive crocodilians.  Lumpy jaw, which is also found in a variety of 

mammalian domestic species (Baker & Brothwell, 1980), is not observed in archosaurs 

because of the differences already discussed in the process of inflammation.  Dental 

hyperplasia in the form seen in wombats is probably peculiar to the style of occlusion.  

The remaining diseases, koala retrovirus and devil facial tumor disease appear to be host 

specific, although devil facial tumor disease is still under intense investigation to 
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determine the exact nature of acquisition and transition.  The clinical history of 

marsupials suggests that the majority of oral diseases are distinctly tied to mammalian 

anatomy, inflammatory and immune responses.   

Summary 

 The majority of archosaur cases were related to trauma, inflammation or 

infection.  These cases all shared a common relationship of homology in immune and 

inflammatory responses, and often, similarities in anatomy.  The other etiological cases 

had limited sample sizes and distribution with the exception of the benign neoplastic 

processes osteomas which were found in more derived archosaurs.  Of the outgroups 

surveyed, the iguanids displayed similarities in infection and inflammation which can be 

tied to homologous ‘reptilian’ immune and inflammatory responses.  Differences in oral 

pathology related primarily to differences in anatomy.   The monotremes and marsupials 

on the other hand did not exhibit comparable oral pathology either in the study, personal 

observation of zoological and wildlife specimens or the scientific literature.  The primary 

reasons for these differences are not only anatomical, but also relate to the apomorphic 

immune and inflammatory response in mammals (Tizard, 1987).  The results of this study 

indicate that there is a phylogenetic signal in oral pathology mediated by anatomical, 

immunological and behavioral factors. 

Comments on Dinosaur Immunology 

 Throughout the results section and the discussion section, the inflammatory 

diseases of dinosaurs have been treated as if they result from the same immunological 

responses seen in crocodiles and birds.  This treatment did not result from a blanket 
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assumption of homologous immunity in dinosaurs to their extant phylogenetic bracket.  

Instead, the comparisons resulted from the similarity in gross morphology of the lesions 

seen in these groups.  Comparisons to mammalian oral pathology literature and the 

outgroups examined in this study did not provide similar or relevant diseases 

comparisons.  Therefore, instead of being an assumption of the study, the inference that 

can be made about dinosaur immunity is that it was similar to that of archosaurs based on 

the abnormalities that are present.  This is an indirect manner of analyzing immunity in 

dinosaurs, but no experimental method of testing immunological response is available.  

This type of comparative inference, in which the osseous correlates of a soft-tissue 

feature in extant sister taxa was connected to the osseous correlates of a soft-tissue 

feature in extinct taxa is an example of the classic ‘Level I’ inference in Witmerian extant 

phylogenetic bracket methodology (Witmer, 1995).  What is clear is that certain 

ornithischian and saurischian dinosaurs developed inflammatory diseases that are 

consistent with a heterophilic non-specific immune response which is only seen in 

‘reptiles’ and birds.   Further detailed research involving more dinosaur specimens may 

be able to bring a stronger measure of resolution to this issue. 

Zoological Paleopathology vs. Comparative Paleopathology 

One of the goals of this project was to test the validity of a zoological 

paleopathology versus a comparative paleopathology approach in evaluating archosaur 

pathology.  The zoological paleopathology approach advocates the integration of a 

phylogenetic context into disease research.  The comparative paleopathology approach 

(sensu Rothschild & Martin, 1993) advocates the extension of comparisons beyond the 
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phylogenetic bracket in order to access a greater amount of pathological data (e.g. 

domestic animals and hominids).  The rationale for the comparative paleopathology 

approach is that the responses of bone, namely erosion and proliferation, are similar 

across vertebrate phylogeny (sensu Banks, 1993).   

 Comparative paleopathology acts as an extension of comparative medicine, in 

which animal models of human disease are developed and evaluated at length to 

determine disease relationships.    If comparative paleopathology were to adopt a more 

diverse group of models, then the nature of certain diseases could be readily evaluated 

across phylogeny from humans to a range of different animals and eventually cross into 

the archosaurian tree.  The diseases that could be evaluated in this manner would be 

primarily mechanical in nature, relating the stresses and strains applied to the bone and 

joints (Wainwright et al., 1976), or metabolic, relating to the distribution of calcium and 

phosphorus within the plasma and bone (Mader, 2006).  In fact, the majority of studies in 

comparative paleopathology have focused on the joints (e.g. Rothschild & Martin; 

Rothschild & Tanke, 2003).  However, if an inflammatory or infectious element were to 

be involved in these bone or joint abnormalities, the lack of homology in processes 

between distantly related groups would prevent accurate comparisons. 

 The zoological paleopathology approach is best used for cases in which the 

mechanical aspect of bone is not the major factor.  Zoological paleopathology focuses on 

areas where there is homology within but not necessarily between vertebrate clades.  

Although bone is a homologous structure in all tetrapods (Benton, 2005), the immune 

system and inflammatory response are not homologous between mammals and ‘reptiles’.   
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These profound differences prevent the use of any mammal, from monotremes to 

humans as a model of archosaur inflammatory disease as is summarized by the archosaur 

specific case results in Table 18.  The total cases, therefore, that could only be explained 

with reference to the phylogeny  of archosaurs was 95 out of 123 or 77.7%.   

Table 9.2. This table shows the archosaur specific causes of disease and the numbers of 
cases observed with these diseases.  When the total number of archosaur specific cases is 
compared to the total number of cases, 77.7% can only be explained by reference to 
archosaur anatomy, immunology and behavior. 
 

Disease Causation Archosaur Specific Cases 

Inflammatory Disease (Archosaur) 53 

Intraspecific Aggression (Archosaur) 15 

Penetrating Feeding Trauma (Crocodile) 2 

Congenital Jaw Malalignment (Crocodile) 2 

Benign Tumors (Crocodile) 2 

Fibrosarcoma (Crocodile) 4 

Splenial Foramina Variation (Crocodile) 3 

HIAS (Tyrannosaur) 3 

Miscellaneous (Archosaur) 11 

TOTAL ARCHOSAUR SPECIFIC 95 cases/ 123 total 

 

The remaining cases primarily involve trauma and metabolic bone diseases, both of 

which share a common vertebrate pattern (Weisbrode & Doige, 2001), or developmental 

disorders for which not enough data was available to evaluate homology. 
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 Differences in anatomy, immunology, inflammation and behavior necessitate 

departure from the methods of comparative paleopathology.  Zoological paleopathology 

accounts for these diversions from the generalities of vertebrate bony response by 

investigating trends within closely related phylogenetic groups, or bracketing.  This study 

primarily examined the relationship of anatomy, immunology and inflammation to 

pathology, but future research with larger data sets can account for the possibilities of 

behavioral signals.   

Comparative paleopathology and zoological paleopathology can both contribute 

to the history of vertebrate disease because they account for different levels of 

evolutionary perspective.  Comparative paleopathology is effective for diseases which are 

homologous across all vertebrate taxa such as types of trauma and metabolic diseases.  

Zoological paleopathology accounts for those diseases which are unique to vertebrate 

clades as a result of their divergent evolutionary histories.  Because of the significant 

lapse of time since the Permian divergence of the synapsid and ‘reptilian’ ancestral 

lineages (Benton, 2005), zoological paleopathology successfully predicted 77.7% of 

archosaur disease relationships in this study.  Zoological paleopathology is a more 

suitable approach for evaluating archosaur paleopathology than comparative 

paleopathology in the majority of cases. 
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CHAPTER 10 

CONCLUSIONS 

Final Outcomes 

 The analysis of common diseases within the Archosauria in Chapter 9 revealed 

three patterns in disease occurrence.  The first pattern is a universal pattern which is 

governed by the similarities in bony response between vertebrate groups.  This pattern is 

evidenced by the occurrence of fracture (Figure 9.3), osteopenia (Figure 9.9), nutritional 

secondary hyperparathyroidism (Figure 9.10), osteomalacia (Figure 9.11) and 

osteoporosis (Figure 9.12).  The second pattern is not universal for vertebrates but applies 

to archosaurs as a taxon and relates to the historical constraints of anatomy, immunology 

and the inflammatory response.  These diseases include oral heterophilic caseous 

abscesses (Figure 9.6), generalized heterophilic granulomatous stomatitis (Figure 9.7), 

and trichomoniasis (Figure 9.6).The third pattern has a very limited phylogenetic 

distribution which relates ultimately to overlapping behavioral and ecological factors as 

well as the anatomical and immunological factors which correspond to the phylogenetic 

status of those groups.  These diseases include head biting trauma (Figure 9.1), 

necrotizing dermatitis (Figure 9.4), and Fusarium sp. infection (Figure 9.5).   

 These three patterns of similar vertebrate bony response, broadly shared diseases 

tied to group apomorphies (e.g. within Archosauria), and highly taxon specific diseases 

(e.g. within Crocodylia) are often present in a specimen as a mixed signal.  This signal 

can be decoupled through differential diagnostic interpretation and phylogenetic 
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comparison.  In the end, the weight of the results of this study rests upon specific 

phylogenetic factors rather than structural generalities. 

A number of different contributions to the study of oral pathology in archosaurs 

and paleopathology in general have come from this work and been discussed in previous 

chapters.  These contributions are as follows: 

1. The new paleopathology approach of zoological paleopathology was outlined and  

tested through diagnostic interpretation and phylogenetic comparisons.  

Zoological paleopathology focuses on homologous disease comparisons by 

analyzing diseases within their historical or phylogenetic constraints.  These 

constraints include the immunological and inflammatory responses, anatomy and 

behavior.  The zoological paleopathology approach could account for over 77.7% 

of the observed diseases in the study.  The remaining percentage could be 

accounted for by a broader scale comparison of vertebrate remodeling responses.  

2. The operative domains for zoological paleopathology and comparative 

paleopathology are inherently separate.  Zoological paleopathology explains those 

diseases for which phylogenetic constraints within lineages are important 

including certain types of trauma, inflammatory diseases, developmental and 

congenital diseases and neoplastic diseases.  Comparative paleopathology 

explains those diseases for which the general function of bone and metabolism are 

the key factors in pathogenesis.  These diseases include fracture and all of the 

metabolic diseases.  Because of the strong ties between nutritional and metabolic 

diseases, many of the nutritional diseases may also be better interpreted through 

broad comparisons within the vertebrates. 
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3. The first detailed survey comparisons of osseous oral abnormalities in archosaurs 

since the work of Kälin (1936) and Abel (1935) on modern and fossil archosaurs 

was included in this work.  Numerous subsequent surveys have included 

archosaur oral pathology, but most focused on soft-tissue rather than bony 

abnormalities.  The results showed commonalities primarily in inflammatory 

disease.  

4. The nature of the dinosaur immune and inflammatory responses was previously 

unexplored.  Although the dinosaur immune and inflammatory response cannot be 

empirically tested, the presence of lesions in dinosaurs which resemble the results 

of this response within the extant phylogenetic bracket suggests homology.  No 

conservative comparisons could be made between dinosaur inflammatory disease 

lesions and those of mammals.  Immunology appears to be homologous among 

lepidosaurs, crocodiles, dinosaurs and birds.  Future research on dinosaur 

immunology is needed.  

5. Because of its phylogenetic approach, this study was also able to account for 

unknown diseases and make strides towards a methodology for describing them.   

This method includes the establishment of pathological holotypes or syntypes  

and a system of description and publication.  As a result of the new methodology 

for describing osseous diseases, two new disease conditions were named 

stemming from abnormal suture patterns in the crocodilian palate and ventral 

muscle scarring in the tyrannosaur mandible.  These diseases are called cranial 

disruptive suturing syndrome and hypertrophic intermandibular aponeural 

scarification respectively. 
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Implications 

 The implications of this study are first and foremost a restructuring of the 

methods of paleopathology.  The results suggest not only that a phylogenetic bracketing 

approach should be taken when considering archosaur pathology but any taxon’s diseases 

including mammals.  There is no vertebrate group for which historical constraints on 

immunology, inflammation, anatomy and behavior will not have a profound effect upon 

the majority of  bone pathology.  In the context of phylogeny, the a priori assumption of 

equality in disease based on similarities in bone remodeling becomes the null hypothesis 

for all diseases except fracture and metabolic diseases.  This suggests great potential for 

zoological paleopathology as a method for predicting disease in any group for which 

there is an extant phylogenetic bracket. 

 With a phylogenetic emphasis on paleopathology, zoological paleopathology has 

the capability of informing cladistic analyses, developing patterns in epidemiology 

through changing paleobiogeography, and shedding light upon the origins of diseases 

within taxa.  Zoological paleopathology has the capability of providing new information 

on intraspecific interaction, birth defects, developmental disorders, immunity, 

inflammation, infectious diseases, locomotory dysfunction, toxicology, cancer and the 

unknown.  The breadth of information that can be derived from this style of comparison 

will push the field beyond its current limitations and hopefully into a new phase of 

exploration.  With the new findings of exceptional preservation, soft tissue impressions, 

and biomolecular preservation the possibilities of inquiry in paleopathology will continue 

to expand.  Paleopathology has the potential to become one of the cutting edge fields in 

paleontology in the 21st century. 
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Future Work 

Oral Pathology of Archosaurs 

As discussed in the end of Chapter 9, the continuation of data collection to 

encompass tens of thousands of specimens in the coming years would allow for 

investigation of epidemiology and potential trends in disease according to gender and 

body size.  Future work will continue to the next phase of research on oral pathology in 

archosaurs concerning a broader diversity of taxa and probably a continued emphasis on 

extant taxa.    

In order to extend the clarity of the present understanding of disease to the fossil 

record, this future research will entail a focus on Pleistocene and modern forms of extant 

archosaur species, as well as further investigation in disease of recently extinct animals 

such as the elephant bird.  The concept behind this work will be to progressively extend 

the knowledge of oral diseases, and potentially other skeletal abnormalities, further into 

the past.  The goal of this research would be the construction of a framework of known 

and  anomalous diseases in a continuous sequence from the present back to the Mesozoic.  

Only then can dinosaurian diseases, including those of the first avians, truly be 

understood in the context of disease development through time.   

Additional study of pterosaurs and lepidosauromorphs is also needed to determine 

the precise overlap of oral diseases due to the historical constraint of similar immune 

responses.  This should include the rhamphorhynchoid and pterydactyloid pterosaurs and 

the other groups of lepidosauromorphs, including the sphenodontians, varanids and 

gekkota, in order to in order to expand the range of ingroup and outgroup comparisons.      
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It is the intent of the author to incorporate veterinary radiographs of lepidosaurs, 

crocodilians and birds housed at various wildlife clinics.  With the widespread 

availability of digital radiography, the possibility of rapidly assessing thousands of 

specimens for oral pathology exists at many veterinary facilities.  The integration of more 

radiographs and other modalities into the study of bone pathology in archosaurs will 

greatly increase the understanding of disease processes as it has in the limited cases 

where radiographs were previously available. 

This future research promises to provide new information and answer different 

questions about archosaur pathology.  Developing additional understood patterns of 

abnormalities may someday have a tangible effect on wildlife health and explain more of 

the mysteries of ancient disease. 

Beyond Oral Pathology 

Several areas of research stemming from this project should be researched further 

including dinosaur and pterosaur immunity and the interface between archosaur and 

lepidosaurimorph bone pathology.  The issue of dinosaur and pterosaur immunity can be 

further understood through the detailed investigation of inflammatory diseases in both 

groups.  This study could be established in a similar way to the methods in this 

dissertation with a literature and a collections component with comparisons to modern 

crocodiles and birds.  The collections sampling could be focused on this one type of 

disease, and concern only affected individuals, thus decreasing processing time and  
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increasing the number of described cases.  The results of such a study would provide a 

general model for the pterosaurian and dinosaurian immune and inflammatory responses 

and a prediction of the inflammatory diseases that could be found within these groups. 

 The bone pathology of fossil and modern lepidosaurimorphs should be compared 

to fossil and modern archosaurs to determine what characteristics separate major 

phylogenetic branches that share some historical constraints on disease.  This research 

could also be constructed in a similar manner to this study, but would have to maintain 

the broad survey approach that is present within the study rather than focusing on a 

particular subset of disease.  The decoupling of historical constraints is essential to 

understanding the complexity of phylogenetic comparisons in ancient diseases. 
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Characters 

 
1. Penetrating Trauma 

2. Superficial Trauma 

3. Chronic Inflammation 

4. Osteomyelitis 

5. Caseous Abscess 

6. Stomatitis 

7. Dermatitis 

8. Fusarium sp. 

9. Jaw malalignment 

10. Supernumerary tooth 

11. Blood Vessel Individual Variation 

12. Osteoporosis 

13. Fibrosarcoma 

14. Anomalous 

15. Abnormal Suture Lines 

16. Fracture 

17. Antemortem Trauma 

18. Trichomoniasis 

19. Deep Infection 

20. Osteoma  

21. Muscle Scarring 
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22. Mandible Flexure 

23. Mandible Endosteitis 

24. Ischemic Necrosis 

25. Granulomatous Inflammation (Non- Descript) 

26. Pulmonary Hypertrophic Osteopathy 

27. Nutritional Secondary Hyperparathyroidism 

28. Osteomalacia 

29. Osteopetrosis 

30. Brachycephalism 

31. Prognathism 

32. Osteoma (needs fixing in MacClade) 

33. Unknown Benign 

34. Osteosarcoma 

35. Pinhole Perforation 

36. Miscellaneous Thinning of the Skull 

37. Periodontal Disease 

38. Tooth Deformity 

39. Osteopenia 

40. Malignant Neoplasia 

41. Purulent Abscess 

42. Mandibular Symphysis Dysunion 

43. Dental Fracture 

44. Head Biting Trauma 
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45. Superficial Feeding Trauma     

 

Table A1 Character Code Matrix from MacClade 
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Introduction 

 The specimens listed in this section were not measured according to the standards 

set in the materials and methods section.  These specimens were either on exhibit at the 

time, examined as part of a separate study, photographs examined from a book, or 

examined before the methods of the dissertation were established during the master’s 

research.   

Specimens Observed on Exhibit at AMNH 

Hadrosaurs 
 
Anatotitan copei AMNH 5386 

Anatotitan copei AMNH 5730 

Corythosaurus sp. AMNH 5338 

Corythosaurus sp. AMNH 5240 

Corythosaurus sp. AMNH 5360 

Edmontosaurus annectens AMNH 5060 

Edmontosaurus annectens (r. dentary) AMNH 5350 

Hypacrasaurus altispinus AMNH 5278 

Hypacrasaurus altispinus AMNH 28497 

Hypacrasaurus altispinus MOR 548 

Kritosaurus navajovius AMNH 5799 

Lambeosaurus lambei AMNH 5353 

Lambeosaurus lambei AMNH 5373 

Lambeosaurid sp. indet. AMNH 5340 
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Prosaurolophus maximus AMNH 5386 

Parasaurolophussp. AMNH 6783 

Saurolophus osborni AMNH 5220 

 

Protoceratopsids 

Protoceratops andrewsii: 

AMNH 6432 

AMNH 6438 

AMNH 6466 

AMNH 6416 

AMNH 6414 

AMNH 6413 

AMNH 6439 

AMNH 6444 

AMNH 6408 

AMNH 6428 

AMNH 6431 

AMNH 6434 

AMNH 6419 

AMNH 6422 

AMNH 6417 

AMNH 6467 

Psittacosaurus sp. AMNH 6253 
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Psittacosaurus sp. AMNH 6536 

Psittacosaurus sp. AMNH 6535 

Psittacosaurus sp. AMNH 6254 

Triceratops Specimens Examined for (Farke & Wolff, in prep) 

Triceratops prorosus: 

UCMP 140224 

YPM 1822 

UCMP 138597 

UCMP 144297 

YPM 1823 

USNM 1201 

USNM 1205 

USNM 2147 

USNM 4286 

USNM 4708 

USNM 4720 

USNM 5741 

USNM 6525 

USNM 8081 

USNM Cross Section 

Carter County Museum Full Mount 

Carter County Museum Half mount 
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MOR 699- Deaccessioned to Makoshika Visitor’s Center 

MOR 1604 

MOR 1053 

MOR 1120 

MOR 1199 

MOR 599 

 

Pterosaur Specimens Reviewed from The Illustrated Encyclopedia of Pterosaurs  

 

Pterodactylus (Solnhofen) p.10 

Pterodactylus antiquus (Solnhofen) p.11 

Pterodactylus elegans p.12 

Dorygnathus p.15 

Pterodactylus suevreus p.31 

Pterodactylus kochi p. 48 

Eudimorphodon ranzii p.59 

Eudimorphodon ranzii p.63 

Peteinosaurus p.67 

Dimorphodon macronyx p.69 

Dorygnathus banthesis p.73 

Dorygnathus banthesis p.73 

Campylognathoides liasicus p. 76 

Campylognathoides liasicus p. 77 
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Augustinaripterus p.80 

Rhamphorhynchus (2 specimens) p.84 

Rhamphorhynchus longiceps 9.85 

Scaphognathus p.91 

Scaphognathus crossirostris p.92 

Germanodactylus cristatus p.96 

Gallodactylus p.96 

Ctenochasma p.97 

Gnathosaurus p.100 

Ornithocheirus p.108 

Ornithodesmus p.115 

Dsungaripterus weii p.117 

Phobetor parvus p.120 

Anhanguera santanae p.127 

Cearadactylus artox p.127 

Tropeognathus mesenbrinus p.127 

Tapejara p.130 

Pteranodon p.135 

Quetzalcoatlus p.144 
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Pterosaur Specimens Reviewed from Scientific Literature 

Bakonydraco galaczi (Õsi et al., 2005) 

Caulkicephalus trimicrodon (Steel et al., 2005) 

Cathayopterus, Chaoyangopterus, Feilongus, Haopterus, Jeholopterus, Liaoningopterus,  

Nurhacius, Sinopterus, (Xiaolin & Zhonghe, 2006) 

Caviramus schesaplanensis, Eudimorphodon ranzi (Fröbisch & Fröbisch, 2006; 

Zambelli, 1973) 

Coloborhynchus spielbergi (Veldmeijer, 2003) 

Ctenochasma sp. (Jouve, 2004) 

Domeykodactylus ceciliae (Martill et al., 2005) 

Normannognathus wellnhoferi (Buffetaut et al., 1998) 

Thalassodromeus sethi (Kellner et al., 2002) 

Istiodactylus sinensis (Andres & Qiang, 2006) 

 

Tyrannosaur Specimens Examined During Master’s Thesis Work 

 

Albertosaur sp. MOR 657 

Albertosaurus sp.RTMP 1999.50.10 

Albertosaurus sp. RTMP 1998.68.35 

Albertosaurus sp. RTMP 1983.29.01 

Albertosaurus sp. 1985.98.01 

Albertosaurus sp. RTMP 1967.9.164 
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Albertosaurus sp. RTMP 2003.45.84 

Albertosaurus sp. RTMP 1997.50.02 

Albertosaurus sp. RTMP 1998.63.82 

Albertosaurus sp. RTMP 1981.3.6 

Albertosaurus sp. NMNH 16475 

Albertosaurus sp. RTMP 1999.50.170 

Albertosaurus  RTMP 1981.10.1 

Albertosaurus libratus AMNH 5458 

Albertosaurus libratus AMNH 5336 

Albertosaurus sp. RTMP 1981.10.1 

Aublysodon sp. RTMP 1985.62.01 

Daspletosaurus sp. RTMP 1975.11.03 

Daspletosaurus sp. RTMP 1994.143.1 

Daspletosaurus sp. MOR 590 

Gorgosaurus sp. RTMP 1986.49.29 

Gorgosaurus sp. RTMP 1992.36.749 

Gorgosaurus sp. RTMP 1983.36.134 

Gorgosaurus sp. RTMP 1994.12.602 

Gorgosaurus sp. RTMP 1995.05.01 

Gorgosaurus sp. RTMP 1982.28.01 

Gorgosaurus sp. RTMP 2002.12.11 

Gorgosaurus sp. NMNH 12814 

Gorgosaurus sp. RTMP 1994.12.155 
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Gorgosaurus sp. RTMP 2001.12.12 

Gorgosaurus sp. RTMP 1990.56.6 

Gorgosaurus sp. RTMP 1996.12.142 

Gorgosaurus sp. RTMP 1992.36.390 

Nanotyrannus RTMP 1995.06.07 

Tyrannosaurid sp. RTMP 1986.03.02 

Tyrannosaurid sp. RTMP 1987.46.01 

Tyrannosaurid sp. (Proprietary- RTMP) 

Tyrannosaurid sp. RTMP 1983.29.02 

Tyrannosaurid sp. 1998.93.12 

Tyrannosaurid sp. RTMP 2002.12.101 

Tyrannosaurid sp. RTMP 1996.03.13 

Tyrannosaurid sp. RTMP 1994.12.155 

Tyrannosaurid sp. RTMP 2001.12.02 

Tyrannosaurid sp. MOR 1130 

Tyrannosaurus sp. NMC 8540- cast 

Tyrannosaurus rex RTMP 1992.15.1- cast 

Tyrannosaurus rex  RTMP 2001.12.147 

Tyrannosaurus rex  RTMP “Black Beauty” 

Tyrannosaurus rex  NMNH “Stan” 

Tyrannosaurus rex MOR 980 

Tyrannosaurus rex MOR 555 

Tyrannosaurus rex MOR 1128 
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Tyrannosaurus rex MOR 1126 

Tyrannosaurus rex MOR 1628 

Tyrannosaurus rex MOR 008 

Tyrannosaurus rex MOR 1125 

Tyrannosaurus rex AMNH 5027 
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Morphological Measurements of Specimens 

The morphological measurements described in Chapter 2 and referred to in 

Chapter 9 are appended to this work as read-only Microsoft Excel files.  Please refer to 

these files for morphometric data.  

 




