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the emphasis of the book is on the biology of fossil primates, not their taxonomic
classification or systematics, or formal species descriptions. The author draws
detailed pictures of the paleoenvironment of fossil primates, including
contemporary animals and plants, and ancient primate communities, emphasizing
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high-resolution CT scans of the cranium.

Fossil Primates will be essential reading for advanced undergraduates and
graduate students in evolutionary anthropology, primatology and vertebrate
paleobiology.

Susan Cachel is Professor of Physical Anthropology at Rutgers University. She has
been on the Executive Committee of the Rutgers Center for Human Evolutionary
Studies (CHES) since 2010 and a member of the graduate interdisciplinary
Quaternary Studies Program at Rutgers since 2000. She has taught and performed
research at the Koobi Fora Field School in northern Kenya, and she is currently a
research associate of the Kenya National Museums (Nairobi). She was recently
elected a Fellow of the American Association for the Advancement of Science for
“incisive contributions to hominization theory, the role of nutritional fat in
human occupation of high latitudes, and primate evolution.” Her previous title,
Primate and Human Evolution, was published by Cambridge University Press
in 2006.

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


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
Agustín Fuentes, University of Notre Dame
Sir Peter Gluckman, The Liggins Institute, The University of Auckland
Nina G. Jablonski, Penn State University
Clark Spencer Larsen, The Ohio State University
Michael P. Muehlenbein, Indiana University, Bloomington
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

(editors) 978 0 521 87061 0
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 (editor) 978 0 521 85936 3
57. Primate Parasite Ecology: The Dynamics and Study of Host–Parasite Relationships

Michael A. Huffman & Colin A. Chapman (editors) 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 (editors) 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, Agustín Fuentes, & Lisa Jones-Engel
(editors) 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 (editors) 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 & 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

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


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 C. E. Hilton, B. M. Auerbach & L. W. Cowgill (eds.)
978 1 107 02250 8

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

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


Fossil Primates

SUSAN CACHEL
Rutgers University, NJ, USA

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


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/9781107005303

© Susan Cachel 2015

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 2015

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
Cachel, Susan, 1949–
Fossil primates / Susan Cachel, Rutgers University, NJ, USA.

pages cm. – (Cambridge studies in biological and evolutionary anthropology)
Includes bibliographical references and index.
ISBN 978-1-107-00530-3 (Hardback) – ISBN 978-0-521-18302-4 (Paperback)
1. Primates, Fossil. I. Title.
QE882.P7C33 2014
5690.8–dc23 2014031792

ISBN 978-1-107-00530-3 Hardback
ISBN 978-0-521-18302-4 Paperback

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.

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


To my family:

Najpierw pobijemy a potem policzemy

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


CONTENTS

Acknowledgments page xii
Preface xiii

1 Introduction: primates in evolutionary time 1
Primates among the mammals 9
Stratigraphy and rock units 11
Geological time 12

2 Primate taxonomy 14
What is taxonomy? 14
The Linnaean hierarchy 15
Species definitions 18
Variation 25
Taxonomic methods 27
Primate taxonomy 31
Taxonomic categories 34

3 Fossils and fossilization 36
The origin of fossils 36
Types of fossil materials 36
Trace fossils 43
Lagerstätten 49
Taphonomy and taphonomic processes 51
Can one trust the fossil record? 54

4 The world of the past 59
The origin of continents and oceans 59
Climates of the past 60
Habitat reconstruction 62

5 The lifeways of extinct animals 66
Introduction 66
Body size 67
Diet 74
Inferring behavior from morphology 81

Locomotion 81
Ranging behavior 84
Temporal patterning of behavior 86

Additional behavioral inferences 88

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


6 Evolutionary processes and the pattern of
primate evolution 90
What drives evolution? Physical environment versus biological factors 90
Natural selection and adaptation demonstrated 93
Systematics, evolutionary trees, and homoplasy 96
Evolution and development 98
Comparative genomics 101

7 Primate origins 103
The Cretaceous world 103
The Cretaceous/Tertiary mass extinction 105
Defining primates 106
Primate origins 110

Arboreal locomotion in small branches 114
Comparative studies that shed light on primate origins 116

8 The Paleocene primate radiation 120
The plesiadapoid primates 120
The adaptive zone of plesiadapoid primates 127
The Paleocene/Eocene Thermal Maximum 133

9 The Eocene primate radiation 136
Primates in the High Arctic 136
The first euprimates 142
Adapoids and omomyids 143
Prosimian descendants of the Eocene radiation 152

10 The Malagasy primate radiation 155
Lost Lemuria 155
Malagasy natural history 157
Colonizing Madagascar 158
Taxonomic inflation in the living Malagasy lemurs 162
The subfossil lemurs 163
A peculiarity of Malagasy existence — extreme seasonality 169
The human colonization of Madagascar 170
Lemur extinctions and loss of disparity 172

11 The Oligocene bottleneck 174

12 Rise of the anthropoids 179
Convergent origin of the anthropoids? 182
The Fayum primates 186
Position of the Parapithecoidea 190
Other Fayum taxa 192
Later catarrhine divergence 193

x Contents

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


13 The platyrrhine radiation 195
Colonizing South America 197
Platyrrhine diversity 202
Inferring locomotion without postcrania in fossil platyrrhines 205
Centers of platyrrhine diversity 207
Fossil mammals from Patagonia 208

14 The Miocene hominoid radiation 214
Introduction 214
Postcranial anatomy of the crown hominoids 217
Discovery of the hominoid radiation 220
Inferring lifeways in fossil hominoids 223

Niche structure in sympatric Early Miocene East African hominoids 225
Ancestors for the living apes? 228
Late Miocene extinctions 229

Oreopithecus bambolii 233
Last survivor: Gigantopithecus 237
The origin of hominids 240
Hominoid locomotor adaptations 241

15 The cercopithecoid radiation 247
Plio-Pleistocene diversity and sympatry 253

16 Late Cenozoic climate changes 255

17 Conclusions 259

References 264
Index 293

Contents xi

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


ACKNOWLEDGMENTS

The Rutgers Center for Human Evolutionary Studies (CHES) provided funding for
original illustrations. This original artwork was cheerfully and eagerly done by
two artists: Ms. Angela J. Tritz of Pittsville, Wisconsin and the University of
Wisconsin, Stevens Point; and Ms. Irene V. Hort of Rutgers University, New
Brunswick. Ms. Devin Ward of Rutgers University, New Brunswick, assisted with
scans and other preparation of the artwork. Dr. Christopher Scotese, of the
University of Texas, Austin, sent me high-resolution copies of plate tectonic maps
of the ancient earth generated by the Paleomap Project.
Professor Dimitri Metaxas, Director of the Computational Biomedicine, Imaging

and Modeling Center (CBIM) of Rutgers University, provided the space and
equipment for the three-dimensional analysis of early human locomotion carried
out by my advisee, Ms. Melanie Crisfield, and cited in Chapter 5. Professor Julia
Lee-Thorp, Chair of the School of Archaeology, Oxford University, and Head of
the Research Laboratory for Archaeology and the History of Art (RLAHA), pro-
vided an internship for my advisee, Mr. Renè Studer-Halbach, to study stable
isotope analysis. His initial work on diet and inferring niche structure in sympatric
Old World monkeys at the Pliocene site of Laetoli, Tanzania, is cited in Chapter 5.
My Rutgers colleague Professor Craig Feibel (Departments of Anthropology and

Earth and Planetary Sciences) discussed questions about stratigraphy and site
formation processes, and provided information about floating vegetation mats
on lakes in northern and central Kenya.
The following Rutgers University graduate students helped me to elucidate

explanations and examples: Susan Coiner-Collier, Melanie Crisfield, Stephanie
Green, Sarah Hlubik, James Lister, Jay Reti, Lauren Saville, Darshana Shapiro, and
Renè Studer-Halbach. The following Rutgers University undergraduates suggested
improvements to parts of the text used in class: Nicolette Bronisevsky, Ralph
Cretella, Lily Flast, Jennifer Giannini, Samantha Harrison, Morgan Hill, Katherine
Kearney, Michael Kennedy, Anna Latka, Kara Lipinski, Marissa Lugo, Lawrence
Lyons, Caitlin McCabe, Lindsay Modugno, Valerie Park, John Peters, Stephanie
Ricciardi, Daniel Saldana, Kruti Shah, Jillianne Tiongko, Anthony Tricarico, Vic-
toria Versprille, Hilary Veth, Nicolette Waksmundzki, Gandhi Yetish, David Zaitz,
and Amadeusz Zajac.

Cambridge University Press
978-1-107-00530-3 - Fossil Primates
Susan Cachel
Frontmatter
More information

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

http://www.cambridge.org/9781107005303
http://www.cambridge.org
http://www.cambridge.org


PREFACE

While reading websites, blogs, newspapers, or popular magazines, one frequently
encounters a statement like this: “The discovery of new human fossil X completely
rewrites the textbooks!”Many editors would set this entire sentence in bold capital
letters. Or, “New fossil primate is the first monkey . . .” or, “New higher primate is
the first human ancestor.” Such hysteria has become a normal part of press
hyperbole. One expects that virtually every new primate or human fossil will
completely rewrite the textbooks. But is it true? Dinosaur paleontology also
receives a great deal of attention from both the public and the press. Do new
dinosaur fossils mandate a complete rewriting of the textbooks?

A study has been conducted on both Old World higher primates (catarrhines)
and dinosaurs, testing to see whether new fossils result in a complete re-vamping
of evolutionary history—that is, do new fossil finds repeatedly rewrite the evolu-
tionary history of a group? Tarver et al. (2010) discover that this is not true for
catarrhine primates over the last 200 years of study. The basic outline of catar-
rhine evolution has remained the same since the early twentieth century. New
dinosaur fossils, on the other hand, do continually and radically shift our under-
standing of dinosaur evolutionary history. Many new lineages have been dis-
covered, and new fossils expand our understanding of the geographic expansion
of dinosaurs. Our understanding of dinosaur evolution changes rapidly and
wildly. Yet, fossils of new catarrhine primates result in virtually no change in
the understanding of their fossil record and evolutionary history. Clearly, the mass
media is unduly fixated on catarrhine primates. The principal reason for this is
that humans are catarrhine primates, and the merest scrap of a new human fossil
generates hysteria in the popular press. This also reflects a funding bias. Funding
agencies are more apt to focus on primate (including human) paleontology, than
paleontological work on other animal groups. Dinosaurs are clearly an exception—
major dinosaur research programs have been funded by private donations alone.1

This is why a test of whether new catarrhine primate or dinosaur fossils truly
do rewrite evolutionary history is important. As a physical anthropologist, I am
irreverent in pointing this out: dinosaur discoveries trump those of primates in
terms of the advance of knowledge. Why study primates at all? Is this just
stubborn single-mindedness, or a simple exercise in human vanity?

Testing whether new fossils necessarily rewrite evolutionary history (Tarver
et al., 2010) is important in a general sense. Our understanding of evolutionary
patterns is not entirely dependent on the discovery of new fossils. This may be true
for dinosaur history, which still has unknown dimensions. Primate history, on the

1 For example, the research of Dr. John R. (Jack) Horner, Museum of the Rockies, Bozeman, Montana,
on dinosaur paleobiology has been abundantly funded by private donations.
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other hand, can be discerned from the fossils that we already know. Why should
one write another book on primate fossils? A major reason is to establish that
primates do, indeed, conform to the evolutionary processes that can be observed
in other mammals. Traditionally, primate evolution is viewed as an inevitable
progression from the lowest and least to the best of all. As T. H. Huxley first and
famously phrased it, “Perhaps no order of mammals presents us with so extraor-
dinary a series of gradations as this—leading us insensibly from the crown and
summit of the animal creation down to creatures, from which there is but a step, as
it seems, to the lowest, smallest, and least intelligent of the placental Mammalia”
(Huxley, 1863:124–125). Huxley was mired in a deep debate about whether
organic evolution had occurred at all, and can be excused some rhetorical flour-
ishes. Since that time, however, many anthropologists and primatologists take the
special status of the primate order as a given. The human-like or anthropoid
primates, particularly the great apes, are especially revered, and debates now
occur over whether they should be accorded the same legal rights as human
beings. Yet, what does the fossil record show? Are primates subject to the same
forces generating new species or determining species extinctions as other
mammals? Have higher primates arisen independently in the Old and New
Worlds? An overview of the primate fossil record immediately shows that major
extinctions have occurred, including a recent major ape extinction. Some major
researchers respond to this—I think indefensibly—by arguing that primate species
have been continually expanding in number since the beginning of the order.
Clearly, the prospects of primate extinction are emotionally disturbing. Other
interesting questions arise: how many species of primates should one expect to
see? How fast do primates evolve? Are climatic triggers important in primate
evolution? What is primate niche structure like? What happens to primates
isolated on islands? Do primates experience resource competition from their
fellow primates? What place do primates have in community structure?
Another reason to examine fossil primates is that primates, along with birds, are

often the only creatures still studied as whole animals in university curricula—
veterinary schools excepted. The remainder of the animal world is now often
reduced to the study of molecules, cells, DNA, or genes. Furthermore, as whole
animals, primates are embedded in tropical ecosystems. Anyone concerned about
the fate of these ecosystems and their preservation will be concerned about
primates. Living primate species (the sifaka, the muriqui, the orangutan) often
stand as heraldic figures that animate the worldwide fight for conservation of
other endangered species or habitats.
An additional reason to study fossil primates is that they remain one of the last

groups where traditional vertebrate paleontology can be taught and practiced.
Many university geology departments have abandoned the teaching and study of
vertebrate fossils altogether, except for teaching an introductory course on dino-
saurs. Invertebrate paleontology has economic significance in stratigraphic analy-
sis, dating, climatic research, and petroleum exploration—this will never be the
case for vertebrate fossils, because they are too rare. Universities and museums are
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disbanding their vertebrate collections. Vertebrate curators are no longer needed.
Many researchers fear that vertebrate paleontology will itself become extinct as a
science. “I believe that the fate of the paleontologist is in jeopardy. Where are the
specialists who will focus on the new fossils still to be recovered, and where will
they be trained? Perhaps more importantly, where will they be employed?” (Reed,
2011:77).

One might think that primate history, anatomy, and morphology are immune to
this trend, because of the medical importance of studying human anatomy and
functional morphology. Unfortunately, many medical schools in the USA are
abandoning the traditional study of gross anatomy through dissection. Instead,
they increasingly rely on computer software programs that teach anatomy
through simulated dissections. Thus, the fate of the human anatomist may also
be in jeopardy. Should one applaud this? Can medical personnel be adequately
trained without reference to cadavers? Can they appreciate the vast array of
variation and variability that living humans encompass if they only study com-
puter simulations of ideal human anatomy? In addition, physicians still receive
virtually no training in evolution, and, for over 30 years, have roundly rejected the
call for introducing it into basic medical science (Ewald, 1980). A later call for
a “dawn of Darwinian medicine” never saw the sun rise on this endeavor
(Williams & Nesse, 1991). Yet, the concept of evolutionary medicine, based on
natural selection, adaptation, and population-level differences in humans, would
revolutionize medicine by altering merely descriptive or mechanistic approaches
to disease. Evolution is capable of offering powerful new explanations for alter-
ations in human life-history variables such as growth, reproduction, and lifespan,
as well as the onset of ageing, and disease.

In summary, although the focus of this book is primate evolution, I also intend
it to be a resource for those interested in both exploring evolutionary processes, as
well as the broad shape and pattern of mammal evolution. Along the way, I will
emphasize the possibility and utility of studying function and behavior from the
remains of fossil animals. I will reinforce the general importance of studying
evolution and functional anatomy in biology, as well as in other disciplines, such
as conservation biology and medicine.

Finally, I introduce a novel perspective on primate and mammal evolution by
interjecting new research into the narrative on the genetic bases for anatomical
shape and form. This new research, called evolutionary development, promises to
unveil mysteries about the appearance of new anatomical structures. Without
knowledge of evolutionary development, paleontologists could merely describe
novel structures and compare them to similar structures in living animals. Pale-
ontology was description and phylogeny, the attempt to reconstruct ancestor-
descendant relationships between fossil organisms. The origin of anatomical
innovation remained a mystery. But the genetic bases for new anatomical struc-
tures are now becoming clear. Evolutionary development is therefore becoming
the linchpin between evolutionary processes affecting variation within popula-
tions and the grand procession of life as revealed by classic paleontology. Thus,
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there is continuity between evolution at the level of individuals in populations
(microevolution), and evolution at the level of the origin of new families,
orders, and classes of animals (macroevolution). This firm linkage between micro-
evolution and macroevolution represents a break from paleontology during the
1980s and 1990s, when some major figures (e.g. S. J. Gould, N. Eldredge) argued
that microevolution was caused by relatively weak processes like natural selec-
tion, and was decoupled from macroevolution, which was largely directed by
unpredictable accidents and catastrophes.
The future importance of evolutionary development to human and non-human

primate evolution is indicated by a major symposium mounted at the 2012 annual
meeting of the American Association of Physical Anthropologists: “Finding our
inner animal: Understanding human evolutionary variation via experimental
model systems” (Young & Devlin, 2012). Papers presented at this symposium
illustrate how morphology and adaptation can be studied through experimental
comparative anatomy and comparative genomics. The way in which natural
selection affects variation in the body size, teeth, skulls, and limbs of humans
and non-human primates is examined through animal experimentation. The
results are used to generate and test hypotheses about evolution. Thus, adaptation
and evolution can sometimes be studied by experimentation. This counters the
arguments of skeptics who state that the study of adaptation and functional
morphology in fossils or in living organisms is nothing more than a series of ad
hoc stories (Gould & Lewontin, 1979).
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