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Bone Formation and Development in Anthropology

Bone is the tissue most frequently recovered archaeologically and is the material
most commonly studied by biological anthropologists, who are interested in how
skeletons change shape during growth and across evolutionary time. This volume
brings together a range of contemporary studies of bone growth and development
to highlight how cross-disciplinary research and new methods can enhance our
anthropological understanding of skeletal variation. The novel use of imaging
techniques from developmental biology, advanced sequencing methods from genetics,
and perspectives from evolutionary developmental biology improve our ability to
understand the bases of modern human and primate variation. Animal models can
also be used to provide a broad biological perspective to the systematic study of
humans. This volume is a testament to the drive of anthropologists to understand
biological and evolutionary processes that underlie changes in bone morphology
and illustrates the continued value of incorporating multiple perspectives within
anthropological inquiry.

Christopher J. Percival is a postdoctoral researcher at the University of Calgary. His
research focusses on the basis for variation in skull form.

Joan T. Richtsmeier is Distinguished Professor of Anthropology at Pennsylvania State
University. Her research looks to understand the complex genetic and developmental
basis of variation in head shape in development, disease, and evolution.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

Cambridge Studies in Biological and Evolutionary Anthropology

Consulting editors
C. G. Nicholas Mascie-Taylor, University of Cambridge
Robert A. Foley, University of Cambridge

Series editors

Agustin Fuentes, University of Notre Dame

Nina G. Jablonski, Pennsylvania State University

Clark Spencer Larsen, The Ohio State University

Michael P. Muehlenbein, The University of Texas, San Antonio
Dennis H. O'Rourke, The University of Utah

Karen B. Strier, University of Wisconsin

David P. Watts, Yale University

Also available in the series

53. Technique and Application in Dental Anthropology Joel D. Irish & Greg C. Nelson (eds.)
978 0 521 87061 O

54. Western Diseases: An Evolutionary Perspective Tessa M. Pollard 978 0 521 61737 6

55. Spider Monkeys: The Biology, Behavior and Ecology of the Genus Ateles Christina J.
Campbell 978 0 521 86750 4

56. Between Biology and Culture Holger Schutkowski (ed.) 978 0 521 85936 3

57. Primate Parasite Ecology: The Dynamics and Study of Host-Parasite Relationships Michael
A. Huffman €& Colin A. Chapman (eds.) 978 0 521 87246 1

58. The Evolutionary Biology of Human Body Fatness: Thrift and Control Jonathan C. K. Wells
978 0 521 88420 4

59. Reproduction and Adaptation: Topics in Human Reproductive Ecology C. G. Nicholas
Mascie-Taylor & Lyliane Rosetta (eds.) 978 0 521 50963 3

60. Monkeys on the Edge: Ecology and Management of Long-Tailed Macaques and their
Interface with Humans Michael D. Gumert, Agustin Fuentes € Lisa Jones-Engel (eds.)
978 0 521 76433 9

61. The Monkeys of Stormy Mountain: 60 Years of Primatological Research on the Japanese
Macaques of Arashiyama Jean-Baptiste Leca, Michael A. Huffman & Paul L. Vasey (eds.)
978 0 521 76185 7

62. African Genesis: Perspectives on Hominin Evolution Sally C. Reynolds & Andrew Gallagher
(eds.) 978 1 107 01995 9

63. Consanguinity in Context Alan H. Bittles 978 0 521 78186 2

64. Evolving Human Nutrition: Implications for Public Health Stanley Ulijaszek, Neil Mann €&
Sarah Elton (eds.) 978 0 521 86916 4

65. Evolutionary Biology and Conservation of Titis, Sakis and Uacaris Liza M. Veiga, Adrian A.
Barnett, Stephen F. Ferrari & Marilyn A. Norconk (eds.) 978 0 521 88158 6

66. Anthropological Perspectives on Tooth Morphology: Genetics, Evolution, Variation G.
Richard Scott & Joel D. Irish (eds.) 978 1 107 01145 8

67. Bioarchaeological and Forensic Perspectives on Violence: How Violent Death is Interpreted
from Skeletal Remains Debra L. Martin & Cheryl P. Anderson (eds.) 978 1 107 04544 6

68. The Foragers of Point Hope: The Biology and Archaeology of Humans on the Edge of the
Alaskan Arctic Charles E. Hilton, Benjamin M. Auerbach €& Libby W. Cowgill (eds.)
978 1 107 02250 8

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

69. Bioarchaeology: Interpreting Behavior from the Human Skeleton, 2nd Ed. Clark Spencer
Larsen 978 0 521 83869 6 & 978 0 521 54748 2

70. Fossil Primates Susan Cachel 978 1 107 00530 3

71. Demography and Evolutionary Ecology of Hadza Hunter-Gatherers Nicholas Blurton Jones
978 1 107 06982 4

72. Skeletal Biology of the Ancient Rapanui (Easter Islanders) Vincent H. Stefan and George W.
Gill 978 1 107 02366 6

73. The Dwarf and Mouse Lemurs of Madagascar: Biology, Behavior and Conservation
Biogeography of the Cheirogaleidae Shawn M. Lehman, Ute Radespiel & Elke Zimmermann
978 1 107 07559 7

74. The Missing Lemur Link: An Ancestral Step in the Evolution of Human Behaviour Ivan
Norscia € Elisabetta Palagi 978 1 107 01608 8

75. Studies in Forensic Biohistory: Anthropological Perspectives Christopher M. Stojanowski &
William N. Duncan 978 1 107 07354 8

76. Ethnoprimatology: A Practical Guide to Research at the Human-Nonhuman Interface
Kerry M. Dore, Erin P. Riley & Agustin Fuentes 978 1 107 10996 4

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

Building Bones

Bone Formation and Development in
Anthropology

Edited by
CHRISTOPHER J. PERCIVAL

University of Calgary, Canada
and
JOAN T. RICHTSMEIER

Pennsylvania State University, USA

1B CAMBRIDGE

o £p UNIVERSITY PRESS

© in this web service Cambridge University Press

www.cambridge.org


www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press

978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology
Edited by Christopher J. Percival , Joan T. Richtsmeier

Frontmatter

More Information

CAMBRIDGE

UNIVERSITY PRESS
University Printing House, Cambridge CB2 8BS, United Kingdom

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9781107122789

© Cambridge University Press 2017

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2017
Printed in the United Kingdom by TJ International Ltd. Padstow Cornwall
A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication data

Names: Percival, Christopher J., editor. | Richtsmeier, Joan T., editor.

Title: Building Bones: Bone Formation and Development in Anthropology /
edited by Christopher J. Percival and Joan T. Richtsmeier.

Other titles: Cambridge studies in biological and evolutionary anthropology.
Description: Cambridge; New York : Cambridge University Press, 2016. |
Series: Cambridge studies in biological and evolutionary anthropology |
Includes bibliographical references and index.

Identifiers: LCCN 2016049379 | ISBN 9781107122789 (hardback : alk. paper)
Subjects: | MESH: Bone Development | Anthropology, Physical |

Biological Evolution | Anthropometry

Classification: LCC GN70 | NLM GN 70 | DDC 599.9/47-dc23

LC record available at https://lccn.loc.gov/2016049379

ISBN 978-1-107-12278-9 Hardback

Cambridge University Press has no responsibility for the persistence or accuracy of
URLs for external or third-party internet websites referred to in this publication,
and does not guarantee that any content on such websites is, or will remain,
accurate or appropriate.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

Contents
Contributors page ix
Introduction 1

Christopher J. Percival and Joan T. Richtsmeier

1 What Is a Biological ‘Trait’? 13
Kenneth Weiss

2 The Contribution of Angiogenesis to Variation in Bone Development
and Evolution 26
Christopher J. Percival, Kazuhiko Kawasaki, Yuan Huang,
Kenneth Weiss, Ethylin Wang Jabs, Runze Li and Joan T. Richtsmeier

3 Association of the Chondrocranium and Dermatocranium in Early

Skull Formation 52
Kazuhiko Kawasaki and Joan T. Richtsmeier

4 Unique Ontogenetic Patterns of Postorbital Septation in Tarsiers and
the Issue of Trait Homology 79
Valerie B. Deleon, Alfred L. Rosenberger and Timothy D. Smith

5 Exploring Modern Human Facial Growth at the Micro- and Macroscopic
Levels 104
Sarah E. Freidline, Cayetana Martinez-Maza, Philipp Gunz
and Jean-Jacques Hublin

6 Changes in Mandibular Cortical Bone Density and Elastic Properties

during Growth 128
Paul C. Dechow

7 Postcranial Skeletal Development and Its Evolutionary
Implications 148
David B. Burr and Jason M. Organ

8 Combining Genetic and Developmental Methods to Study Musculoskeletal
Evolution in Primates 175
Terence D. Capellini and Heather Dingwall

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

viii Contents

9 Using Comparisons between Species and Anatomical Locations to
Discover Mechanisms of Growth Plate Patterning and Differential Growth 205
Kelsey M. Kjosness and Philip L. Reno

10 Ontogenetic and Genetic Influences on Bone’s Responsiveness to
Mechanical Signals 233
lan J. Wallace, Brigitte Demes and Stefan Judex

11 The Havers—Halberg Oscillation and Bone Metabolism 254
Russell T. Hogg, Timothy G. Bromage, Haviva M. Goldman, Julia
A. Katris and John G. Clement

12 Structural and Mechanical Changes in Trabecular Bone during Early

Development in the Human Femur and Humerus 281
Timothy M. Ryan, David A. Raichlen and James H. Gosman

Appendix to Chapter 3: Detailed Anatomical Description of Developing
Chondrocranium and Dermatocranium in the Mouse 303

Kazuhiko Kawasaki and Joan T. Richtsmeier

Index 316

The color plates are between pages 180 and 181.

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

Contributors

Timothy G. Bromage
Department of Basic Sciences and Department of Biomaterials and Biomimetics,
New York University, College of Dentistry, New York, NY, USA

David B. Burr
Department of Anatomy and Cell Biology, Indiana University, School of Medicine,
Indianapolis, IN, USA

Terence D. Capellini
Human Evolutionary Biology, Harvard University & The Broad Institute of MIT and
Harvard, Cambridge, MA, USA

John G. Clement
Department of Oral Anatomy, Medicine and Surgery, Melbourne Dental School,
University of Melbourne, Melbourne, Victoria, Australia

Paul C. Dechow
Department of Biomedical Sciences, Texas A&M University College of Dentistry,
Dallas, TX, USA

Valerie B. DeLeon
Department of Anthropology, University of Florida, Gainesville, FL, USA

Brigitte Demes
Department of Anatomical Sciences, Stony Brook Medicine, Stony Brook, NY, USA

Heather Dingwall
Department of Human Evolutionary Biology, Harvard University, Cambridge, MA,
USA

Sarah E. Freidline
Department of Human Evolution, Max Planck Institute for Evolutionary Anthropol-
ogy, Leipzig, Germany

Haviva M. Goldman
Department of Neurobiology and Anatomy, Drexel University, Philadelphia, PA, USA

James H. Gosman
Department of Anthropology, Ohio State University, Columbus, OH, USA

Philipp Gunz
Department of Human Evolution, Max Planck Institute for Evolutionary Anthropol-
ogy, Leipzig, Germany

Russell T. Hogg
Department of Rehabilitation Sciences, Florida Gulf Coast University, Ft. Myers,
FL, USA

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press
978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology

Edited by Christopher J. Percival , Joan T. Richtsmeier
Frontmatter
More Information

X Gontributors

Yuan Huang
Department of Biostatistics, Yale University, New Haven, CT, USA

Jean-Jacques Hublin
Department of Human Evolution, Max Planck Institute for Evolutionary Anthropol-
ogy, Leipzig, Germany

Stefan Judex
Department of Biomedical Engineering, Stony Brook University, Stony Brook,
NY, USA

Julia A. Katris
Department of Basic Sciences and Department of Biomaterials and Biomimetics,
New York University, College of Dentistry, New York, NY, USA

Kazuhiko Kawasaki
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

Kelsey M. Kjosness
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

Runze Li
Department of Statistics, Pennsylvania State University, University Park, PA, USA

Cayetana Martinez-Maza
Department of Paleobiology, Museo Nacional de Ciencias Naturales (CSIC),
Madrid, Spain

Jason M. Organ
Department of Anatomy and Cell Biology, Indiana University School of Medicine,
Indianapolis, IN, USA

Christopher J. Percival

Alberta Children’s Hospital Institute for Child and Maternal Health, The McCaig
Bone and Joint Institute, Department of Cell Biology and Anatomy, University of
Calgary, Calgary, AB, Canada

David A. Raichlen
School of Anthropology, University of Arizona, Tucson, AZ, USA

Philip L. Reno
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

Joan T. Richtsmeier
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

Cambridge University Press

978-1-107-12278-9 — Building Bones: Bone Formation and Development in Anthropology
Edited by Christopher J. Percival , Joan T. Richtsmeier

Frontmatter

More Information

Contributors Xi

Alfred L. Rosenberger
Department of Anthropology and Archaeology, Brooklyn College, CUNY, NY, USA

Timothy M. Ryan
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

Timothy D. Smith
School of Physical Therapy, Slippery Rock University, Slippery Rock, PA, USA

lan J. Wallace

Department of Human Evolutionary Biology, Harvard University, Cambridge,
MA, USA

Ethylin Wang Jabs
Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount
Sinai Atran Berg Laboratory, New York, NY, USA

Kenneth Weiss
Department of Anthropology, Pennsylvania State University, University Park,
PA, USA

@© in this web service Cambridge University Press www.cambridge.org



www.cambridge.org/9781107122789
www.cambridge.org

