


Encyclopedia of 
Human Evolution and Prehistory 
Second edition 

Garland Reference Library of the Humanities (Vol. 1845) 



��������	����� �
����������������������	�������

������� �
������	����
�	���������	�	�� ���������	������� ���	 �!��"�
#�	������$��	���� �����������������

%���&���	�����
#�	������$��	���� �����������������

'����#(�)�������	����
#�	������$��	���� �����������������

#������*(�+���"�
,	���	�-��������������	�����
���������$��	���� �����������������

���������	�������������

������� ���� ��������

������� �



.�������/����	��0111�/��2����	��	�

��/����	��0134�/��2����	��	
0����"�*5���	��$���������"��#/��������67���18 39�92��
433� &�����#�	��	�� �	 �!��"�� �!� 31134�� �*#

� �� ����	�� ������ �� ������� � ����� � ������ �� � ������� ������� ��� �������� ��������

���������� : � 0111� /�� ����� �	������ %��� &���	������� '���� #(� )��� ����	������

����#������*(� +���"�� ;���������������������������� �������	� ��	����	�(<

&�	�6�	��# ��	��� �	������� �������/��"�� ������/�	� ���   (�����	/��"�(��� �� ����/		��
���	� ������/�	����	������	����	� ��� � ����#����/�����=������� � 	�����=���� 	�������	��
9(1����	��	(

��/������ � ������	��� ����������=��=��/��������� � ���

��������	����� ��������	��������� ������	�������(>0���	�(?�

	�������� ������ 	����(((� @	����(A

�(� �� (>� ;,��������	�	�	��	���/������ ����	���������	�B����(� 3C9D<

.�����	�(� 	���	��/��%���&���	������� ������	������ ����'����)�������	����(�

%�����	��/�/������������� �	�	�	��	�� �������	7(

%*+� �1=C3DE=3FGF=C� ;��"(� ���	�<

3(� � �� ���	��������>��������	����(� 0(� ��	����������	���	�>

��������	����(� %(� �	������ ����(� %%(� &���	������� %��(� %%%(� )��� ����	������

'��� �#(� %)(� *	��	�

, �0C3� �DE� 3GGG
DGG(GE�C>��03� GG=19DC09

�������	���� ���	
&�	���/����	������ ���	���� ��	��� �	������ ��� 	����	���	�5�������� � ������ �	������
/���������� ������������	� ���	��	������� �����	� �������������/	� �����	��(

%*+� �G4C1C3DE3FGF3� ;�/"<



For 
Bobbie, Jeanne, Enid, and John 
and to the memory of Frank Spencer 



Contents 

IX Preface to the First Edition 

IX Preface to the Second Edition 

Xl Contributors 

XV How to Use This Book 

xvii A Brief Introduction to Human 
Evolution and Prehistory 

XX111 Classification of the Primates 

xxviii Time Chart 

XXXI Summary of Major Subject Areas 

XXX111 Detailed List of All Articles 
by Topic 

1 The Encyclopedia 

739 Index 

vii 



Preface to the First Edition 

The intense media coverage of new developments in human 
evolutionary studies testifies eloquently that to our egocen­
tric species no subject is of greater interest than our own past. 
Yet up to now no comprehensive encyclopedia dealing with 
the evolution of humankind has been available. In the hope 
of providing such a source we have worked with our contrib­
utors and with Garland Publishing, Inc., to produce the 
present volume. We have defined human evolution in its 
broadest sense and so have covered such areas as systematics, 
evolutionary theory, genetics, primatology, primate paleon­
tology, and Paleolithic archaeology in an attempt to provide 
the most complete context possible for the understanding of 
the human fossil record. 

The contributions in this volume are written to be ac­
cessible to those with no prior knowledge of the subject, yet 
they contain sufficient detail to be of value as a resource to 
both students and professionals. The work should prove use­
ful to the widest possible range of individuals interested in 
human evolution. Each entry has been prepared by a leading 
authority on its subject; and although every contributor was 

asked to represent all major points of view on the many top­
ics that are the matter of dispute, each was left free to ex­
pound his or her preferred interpretation. The volume thus 
samples the heterogeneity of opinion that gives paleoanthro­
pology so much of its liveliness, while remaining both au­
thoritative and comprehensive. 

We would like to thank our contributors for their efforts 
to ensure accuracy and comprehensiveness within the space 
limitations inevitable in a work of this kind. The project orig­
inated through the initiative of Gary Kuris, of Garland Pub­
lishing, whose enthusiasm and diligence were indispensable 
in seeing it through to completion. At Garland we would also 
like to thank Rita Quintas, Kennie Lyman, John M-Roblin, 
and Phyllis Korper. The late Nicholas Amorosi provided nu­
merous clear renderings of fossils, artifacts, and prehistoric 
scenes and was responsible for a substantial part of the art­
work in this volume. We are also indebted to the numerous 
other scientific illustrators who contributed to the visual 
qualities of the book. Jaymie Brauer helped with many edito­
rial matters, as did David Dean; we are grateful to them both. 

Preface to the Second Edition 
The past decade has seen a wide variety of new fossil finds 
and theories relevant to human evolution. We are thus 
pleased to present a thoroughly revised, enlarged, and up­
dated version of the Encyclopedia, incorporating a number 
of improvements in format based on experience with the first 
edition. We are especially pleased that Alison S. Brooks has 
joined the editorial team with primary responsibility for ar­
chaeological contributions. Once again, we are indebted to 
many individuals for their help. On the editorial side, we are 
most grateful to Ken Mowbray, Joanna Grand, Jaymie 
Brauer Hemphill, Roberta M. Deison, Steve Velasquez, 

Paula Lee, Rebecca Jabbour, Tara Peburn, and Haviva M. 
Goldman; many illustrations were produced or improved 
through the efforts of Diana Salles, Don McGranaghan, Lor­
raine Meeker, Chester Tarka, Haviva M. Goldman, John 
Krigbaum, Andrew Brown, Patricia Iorfino, Brian Stuart, 
Chet Sherwood, Caitlin M. Schrein and Katarina Harvati. 
At Garland, we have benefited once more from the inspira­
tion of Gary Kuris and the technical organization of Mari­
anne Lown, Earl Roy, Joanne Daniels, Richard Steins, Alexis 
Skinner, and their associates. And last but not least, our 
grateful thanks to all of our contributors. 
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How to Use this Book 

The Encyclopedia o/Human Evolution and Prehistory is alpha­
betically arranged with nearly 800 topic headings or entries 
varying from 50 to 9,000 words in length. This edition dif­
fers from the first in eliminating the in-text heading that 
simply cross-referenced to other entries. Instead, a concise 
index is provided. 

As before, each entry supplies references to other arti­
cles in the volume that bear on the subject in question. De­
spite the unavoidable overlap among articles dealing with re­
lated subjects, readers should consult all entries thus 
indicated to be certain of obtaining full information. 

Paleoanthropology is a science in which there is un­
animity of opinion in few areas, and we have not tried to im­
pose a common view upon our contributors. There are thus 
cases in which articles by different contributors put forward 
different views of the same questions; such cases are not ex­
amples of editorial inconsistency but rather reflect the fact 
that paleoanthropology harbors a legitimate variety of inter­
pretations in virtually everyone of its subfields. It is this vari­
ety, indeed, that lends the study of human evolution its par­
ticular fascination. Ours is also a fast-moving, ever-changing 

field, and we have tried to keep all entries up to the minute, 
including new references appearing into 1999. 

The "Brief Introduction to Human Evolution and Pre­
history" provides an alternative way of determining the 
headings under which information may be sought. This "[n­
troduction" briefly surveys paleoanthropology and related 
fields, making reference to articles dealing with each topic as 
it arises. It is not a substitute for reading any of the articles it 
cites but simply points to and places in context the major en­
tries that make up the bulk of the volume. The "Brief Intro­
duction" does not attempt to refer to every short article; 
however, the" See also" references at the end of each main ar­
ticle cited in it point to other entries, long and short, that 
bear on the major subject involved. Additionally, all but the 
shortest entries are accompanied by suggestions for further 
reading. These reference lists are not exhaustive bibliogra­
phies but are pointers to (primarily) recent and easily accessi­
ble works to which readers can refer for more information. 
Each of these works contains a longer bibliography that 
serves as an entry point into the popular and technical litera­
ture on the subject. 

xv 



A Brief Introduction to Human 
Evolution and Prehistory 

The study of human evolution embraces many subject areas 

that at first glance appear only tangentially related. Yet one 

cannot hope to understand our past without reference to the 
biotic and physical context out of which, and within which, 

our evolution has taken place. Thus the articles in this vol­

ume deal at least as much with questions of geology, prima­

tology, systematics, evolutionary theory, and genetics as with 

the fossil and archaeological records themselves. This brief 

discussion is meant simply to provide a context for each of 

the longer entries in this encyclopedia (these are cited in 
CAPITAL letters), and no attempt is made to refer to everyen­

try. For the taxonomic entries, most references are to family 

or larger groups. Readers will find references to relevant 

shorter entries (or those oflower taxonomic rank) at the end 

of each of the longer articles cited below. Similarly, individ­

ual genera are given a separate entry only if they are of ques­
tionable or controversial allocation, except that all extinct 

genera of HOMINIDAE (in the larger sense discussed below) 

and species of HOM IN IN are discussed individually. 

Human beings are PRIMATES. The living primates are 
our closest relatives in nature, and their study enables us to 

breathe life into our interpretations of the rapidly improving 

fossil record of prehuman and early human species. The re­

lated questions as to exactly which mammals deserve to be 

classified as primates, and which are the closest relatives 

of primates, have been a matter of debate (see ARCHONTA). 

Under current interpretation, those extant primates that 

most closely resemble the early ancestors of our order are 

the LOWER PRIMATES of the Old World, including MADA­

GASCAR (see CHEIROGALEIDAE; DAUBENTONIIDAE; GALAGI­

DAE; INDRIIDAE; LEMURIDAE; LEMURIFORMES; LORISIDAE; 

PROSIMIAN; STREPSIRHINI), which are closely related to sev­

eral recently extinct forms from Madagascar (see ARCHAE­

OLEMURIDAE; LEPILEMURIDAE; PALAEOPROPITHECIDAE) and 

older forms from elsewhere (see GALAGIDAE; LORISIDAE). 

The enigmatic Tarsius (see HAPLORHINI; TARSIIDAE; TARSI­

IFORMES) uneasily straddles the divide between these forms 

and the HIGHER PRIMATES, with which we ourselves are clas­
sified (see ANTHROPOIDEA; APE; HAPLORHINI; MONKEY). 

These latter include the New World monkeys of South 
America (see ATELIDAE; ArELoIDEA; CEBIDAE; PLATYRRHINI) 

and the Old World higher primates, or CATARRHINI, of 

Africa and Asia. Catarrhines embrace the Old World mon­

keys (see CERCOPITHECIDAE; CERCOPITHECOIDEA) as well as 
the greater and lesser apes (see APE; HOMINIDAE; HOMINI­

NAE; HOMINOIDEA; HYLOBATIDAE; PONGINAE). 

Extant forms can be studied in a variety of ways that are 

useful in widening the scope of our interpretation of the fos­

sil record. Study of the morphology of modern primates (see 
BONE BIOLOGY; BRAIN; MUSCULATURE; SKELETON; SKULL; 

TEETH) provides a base for interpretation of fossil morphol­

ogy (see also ALLOMETRY; SEXUAL DIMORPHISM), as do corre­

lated aspects of behavior (see BIOMECHANICS; DIET; EVOLU­
TIONARY MORPHOLOGY; FUNCTIONAL MORPHOLOGY; 

LOCOMOTION) and broader aspects of ecology and behavior 
in general (see PRIMATE ECOLOGY; PRIMATE SOCIETIES; SO­

CIOBIOLOGY). The traumas and developmental phenomena 

that occur to hard tissues during life (see PALEOPATHOLOGY) 

can yield valuable information about health and dietary fac­

tors in vanished populations; comparative studies of proteins 

and the genetic material have formed the basis not simply for 

hypotheses of relationship among primate and other species 
but also for calibrated phylogenies (see MOLECULAR AN­

THROPOLOGY). 

Interpretation of the fossil record clearly requires a 

grasp of the principles of EVOLUTION (see also EXTINCTION; 

GENETICS; PHYLOGENY; SPECIATION) and of the various ap­

proaches to the reconstruction of evolutionary histories and 

relationships (see CLADISTICS; EVOLUTIONARY SYSTEMATICS 

[DARWINIAN PHYLOGENETICS]; MOLECULAR "vs." MOR-
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xviii A BRIEF INTRODUCTION TO HUMAN EVOLUTION AND PREHISTORY 

PHOLOGICAL ApPROACHES TO SYSTEMATICS; NUMERICAL 

CLADISTICS; PALEOBIOLOGY; QUANTITATIVE METHODS; 

STRATOPHENETICS; SYSTEMATICS). It also requires an under­

standing of the processes used to name and classifY living or­
ganisms (see CLASSIFICATION; NOMENCLATURE) and of the 

nature of SPECIES (see also SPECIATION), the basic systematic 

unit. Further, it is important to comprehend the nature of 

the FOSSIL record itself and the processes by which living or­

ganisms are transformed into fossils (see TAPHONOMY). This 

consideration brings us to the interface between PALEOAN­
THROPOLOGY and geology. 

No fossil can be properly interpreted without reference to 

the geological context in which it occurs, and various aspects of 

geology converge on the interpretation of fossilized remains. 

Next to its morphology, the most important attribute of a fos­

sil is its age. Traditionally, fossils were dated according to their 

relative position in the sequence of geological events (see TIME 

CHART), as reflected in their locality of discovery in local sedi­

mentary sequences (see STRATIGRAPHY). Particular sedimentary 

strata are confined to local areas, and rocks laid down in differ­

ent regions could formerly be correlated with one another only 

by comparing the fossil faunas they contained (see BIOCHRON­

OLOGY; LAND-MAMMAL AGES). In the past few decades, how­

ever, methods have been developed of assigning chronometric 

dates, in years, to certain types of rocks and young organic re­
mains (see GEOCHRONOMETRY and individual dating meth­

ods). Additionally, the fact that the Earth's magnetic field 

changes polarity from time to time has been used, in conjunc­

tion with measurements of the remanent magnetism of iron­

containing rocks, to provide an additional relative, but datable, 

time scale independent offossils (see PALEOMAGNETISM). 
The movement of the continents relative to each other 

(see PLATE TECTONICS) over the period of primate evolution 

has significantly affected the course of that evolution (see PA­
LEOBIOGEOGRAPHY). More recently, the major geological 

process that has most profoundly affected human evolution 

has been the cyclical expansion of ice sheets in the higher lat­

itudes (see GLACIATION; PLEISTOCENE) and the correlated 

fluctuation in sea levels worldwide (see CLYCLOSTRATIGRA­

PHY; SEA-LEVEL CHANGE). The broader relationship be­

tween CLIMATE CHANGE and EVOLUTION is also a focus of 
active research. A series of entries describes the geological 

and biological history of each continent or major geographi­

cal region (see AFRICA; AFRICA, EAST; AFRICA, NORTH; 

AFRICA, SOUTHERN; AMERICAS; ASIA, EASTERN AND SOUTH­

ERN; ASIA, WESTERN; AUSTRALIA; EUROPE; RUSSIA). 

We first find primates in the fossil record ca. 65 Ma 

(millions of years ago; by contrast, the abbreviation Myr is 

used for time spans of millions of years-e.g., in the last 65 
Myr). A substantial radiation of primates of archaic aspect 

took place in both North America and Europe during the 

PALEOCENE epoch (see ARCHONTA; PAROMOMYOIDEA; PLESI­
ADAPIFORMES; PLESIADAPOIDEA; PRIMATES). In the succeed­

ing EOCENE epoch, these forms were replaced by primates 
more modern in aspect. Some of these, the AOAPIDAE and 

the NOTHARCTIDAE (combined in the AoAPIFORMES), are 

considered to be related in a general way to the modern 

lorises and lemurs; the family OMOMYIDAE, which contains 

the subfamilies ANAPTOMORPHINAE, MICROCHOERINAE, 

and OMOMYINAE, is commonly classified within the TARSI­

IFORMES. Future studies may show this dichotomy among 

Eocene primates to be oversimplified. 

At present, the higher primates, or ANTHROPOIDEA, ap­

pear to be first represented in Africa, despite claims for an 

Asian origin; for example, the newly discovered EOSIMIIDAE 

from CHINA is here included in the TARSIOIDEA. Some frag­

mentary jaws and teeth from the Eocene of North Africa 

may represent early members of ANTHROPOIDEA, but the 
only well-represented early anthropoid fauna comes from 

the FAYUM of Egypt, in the Late Eocene to Early Oligocene, 

dating to ca. 37-33 Ma. Apart from the enigmatic OLIGO­

I'ITHECIDAE and the tarsioid AFROTARSIUS, the Fayum hap­
lorhines fall into two major groups. Of these, PROPLIOPITHE­

CIDAE may be close to the origin of the later Old World 

anthropoids; PARAI'ITHECIDAE, although perhaps "monkey­

like" in a broad sense, bears no close relationship to any ex­

tant anthropoid taxon. 

The fossil record of New World monkeys goes back less 
far (to the latest OUGOCENE, ca. 27 Ma) than that of the Old 

World higher primates, but even quite early forms generally 

appear to be allocable, with few exceptions (see BRANISELLI­

NAE) to extant subfamilies (see ArELINAE; CALLITRICHINAE; 

CEBINAE; PITHECIINAE; PLATYRRHINI). 

The MIOCENE epoch (see also NEOGENE) witnessed a 

substantial diversification of early CATARRHINI. Probably 

most closely affined to the propliopithecids of the Fayum 

was the family PLIOPITHECIDAE, a grouping of small, conser­

vative Eurasian forms, often considered in the past to be re­

lated to the gibbons but now regarded simply as generalized 
early catarrhines. Their African (and Asian) contemporaries 

are less well understood, if somewhat more like modern 

forms, and are here placed in the paraphyletic "DENDRO­

PITHECUS-GROUP." They may have been close to the ancestry 

of both the apes and the cercopithecoid monkeys, represen­

tatives of which also first turn up in the Miocene (see CA­
TARRHIi,n; CERCOPITHECIDAE; CERCOPITHECOIDEA; Mol\'­

KEY; VICTORIAPITHECINAE). The cercopithecids diversified 

considerably during the Pliocene in Africa and Eurasia (see 
CERCOPITHECINAE; COLOBINAE). 

The Miocene (and latest Oligocene) of East Africa was 

the scene of the first documented radiation of hominoid pri­
mates (see HOMINOIDEA; PROCONSULIOAE), members of the 

superfamily containing apes and humans. In the period fol­

lowing ca. 20 Ma, the diversity of hominoid species reached 

its peak. The first surviving subgroup of Hominoidea to 
branch off in this period must have been the gibbons (see 
HYLOBATIDAE), but no known form can be considered a 

good candidate for gibbon ancestry. The first fossil homi­

noids that are reasonably placed within the family Ho­

MINIDAE are the Early to Middle Miocene (20-12 Ma) 

African and Eurasian genera MOROTOPITHECUS, AFRO­

PITHECUS, KENYAPITHECUS, and GRIPHOPITHECUS, included 
in the subfamily KENYAPITHECINAE. Somewhat more "mod­

ern" in morphology is the European Late Miocene DRYO­

PITHECUS (13-10 Ma), placed in the DRYOPITHECINAE; the 

enigmatic European OREOPITHECUS (9-7 Ma) may also be 
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Cladogram showing possible relationships among the various primate fomilies, living and extinct. This "consensus" cladogram is not intended to be a 
definitive statement but rather to provide a framework within which the various discussions in this volume can be understood; not all authors will 
agree with all the relationships hypothesized here, some (if which are highly tentative. The three subfomilies of Hominidae are represented separately at 
the.for right. Daggers (t) indicate extinct taxa; dashed lines indicate especially tenuous hypotheses of relationship. 

included here or in a subfamily of its own, despite past sug­
gestions of cercopithecoid or hominin affinities. The first ex­
tinct catarrhine genus unequivocally related to a single ex­
tant genus is the Late Miocene (ca. 12-8 Ma) SIVAPITHECUS, 
already close in craniodental morphology to the modern 
orangutan, Pongo (see HOMINIDAE, in this volume inter­
preted to include both humans and the great apes; HOMI­
NOIDEA; PONGINAE). This extinct genus also includes 
Ramapithecus, previously considered a potential ancestor of 
humans. Most authorities today consider that the two 
African-ape genera are more closely related to humans (see 

HOMININAE; MOLECULAR ANTHROPOLOGY) than are the 
orangutan and its fossil relatives, although the question is 
still debated. Despite the rich Miocene hominoid fossil re­
cord of East Mrica, however, no convincing precursors of the 

chimpanzee or gorilla are known, with the possible exception 
of the gorillalike form SAMBURUPlTHECUS from Kenya. The 
European GRAECOPITHECUS (10-8 Ma), however, is argued 
by some to be close to the common ancestor of Homininae 
and is here included in this subfamily. 

A virtually complete hiatus occurs in the Mrican homi­
noid fossil record between ca. 13 and 5 Ma, and subsequent 
to that gap the record consists of early human relatives. The 
earliest form that can apparently be admitted to the human 
CLADE is ARDlPITHECUS RAMIDUS, known by a few frag­
ments dated to ca. 4.4 Ma. Only the LOTHAGAM mandible 
(ca. 5 Ma) may be an earlier member of HOMININI. More ex­
tensive collections of early human fossils are referred to 

species of AUSTRALOPITHECUS. The first of these is Aus­
TRALOPITHECUS ANAMENSIS, represented by several jaws and 
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postcranial elements from Kenya (ca. 4 Ma). AUSTRALO­
PITHECUS AFARENSIS, known from PLIOCENE sites in 
Ethiopia and Tanzania in the 4-3 Ma range, is abundantly 
represented by a partial skeleton and numerous other ele­
ments (see also AFAR BASIN; AFRICA, EAST; HADAR; LAETOLI; 
MIDDLE AWASH). Members of this species were small-bod­
ied upright walkers (although the extent to which they had 

relinquished their ancestral climbing abilities is debated), as 
revealed not only by their anatomy but also in the trackways 
dated to 3.5 Ma from the site of LAETOLI. The BRAIN re­
mained small, but the chewing TEETH were relatively large 

compared with body size, and the face was rather projecting. 
Specimens recently discovered in Chad have been given the 

name AUSTRALOPITHECUS BAHRELGHAZALI, although there 

is as yet little agreement about the distinctiveness of this 
form or that of the Ethiopian AUSTRALOPITHECUS GARHI. 

Australopithecus was first discovered in South Africa in 

1924, when R.A. DART described the juvenile type specimen 
of AUSTRALOPITHECUS AFRlCANUS from the site of TAUNG. 
Later discoveries at the sites of STERKFONTEIN and MAKA­
PANSGAT provided more substantial samples of this species, 
which is represented between ca. 3 and 2 Ma and which dif­

fered in numerous details from A. aforensis. No stone tools 
were made at this early stage of human evolution (see AFRICA, 
SOUTHERN). 

Usually, if not entirely accurately, characterized as 
"gracile," or lightly built, these species of Australopithecus re­
main relatively generalized compared with the "robust" forms 
known as PARANTHROPUS. This genus differs from the 
"graciles" in numerous details of cranial architecture func­

tionally linked to the relative expansion of the chewing teeth 
and diminution of the front teeth. PARANTHROPUS ROBUSTUS 
is known from the later South African sites of SWARTKRANS 
and KROMDRAAI (ca. 1.9-1.5 Ma). A related "hyperrobust" 
form from East Africa, PARANTHROPUS BOISEI, was first dis­

covered by M.D. and L.S.B. LEAKEY at Tanzania's OLDUVAl 
GORGE in 1959; this form, with its even larger chewing teeth 
and yet more diminished front teeth compared with P. robus­
tus, is now well known from sites in Kenya and Ethiopia rang­
ing from ca. 2.3 to 1.4 Ma. Less abundant material from 2.7 

to 2.3 Ma in the TURKANA BASIN represents yet a third 
species, PARANTHROPUS AETHIOPICUS. 

Although the earliest stone tools, between 2.6 and 2 
Ma, are not definitely associated with any particular ho­
minin species, it is widely believed that they were an innova­

tion on the part of the earliest members of our own genus, 
HOMO. With this innovation, the archaeological record be­
gins. Understanding STONE-TOOL MAKING and the analysis 
of stone-tool assemblages in terms of LITHIC USE-WEAR and 
the RAw MATERIALS from which they are made form only a 
small part of the concerns of PALEOLITHIC (Old Stone Age) 

archaeologists. These specialists also study the nature of AR­
CHAEOLOGICAL SITES, which reflect the various SITE TYPES 

occupied by prehistoric people. These sites are located using 
a number of sampling techniques, and the information they 

contain is analyzed through the principles of TAPHONOMY. 
The goal is to reconstruct the PALEOLITHIC LIFEWAYS of van­
ished hominins. 

The earliest species allocated to HOMO is HOMO 
RUDOLFENSIS, mainly known from the Lake Turkana region 

between 2 and 1.6 Ma, but specimens perhaps belonging to 
this species from HADAR, Ethiopia, the BARlNGO BASIN Tu­
GEN HILLS, Kenya and URAHA, Malawi, may be as old as 2.4 
Myr. The smaller HOMO HABILIS was first described from 

OLDUVAl GORGE in 1961, in levels dated to slightly later than 
2 Ma. Fossils ascribed to Homo habilis have been described 
from Kenya, Ethiopia, and perhaps South Africa as well, in the 
period between ca. 2 and 1.6 Ma. Fossils allocated to these two 
forms were previously included in a single species, but most 
workers now accept a division of the diverse assemblage of 

specimens involved. Distinctive features of this group appear 

to include a more modern body skeleton than that of Australo­
pithecus (although a fragmentary skeleton from Olduvai 
Gorge is said to show archaic limb proportions), expansion of 
the BRAIN relative to body size, and reduction of the face. Ac­
companied by an OLDOWAN stone-tool kit (see also EARLY PA­
LEOLITHIC; STONE-TOOL MAKING), early Homo may have 
been an opportunistic HUNTER-GATHERER that killed small 
animals while also scavenging the carcasses of bigger ones and 
gathering plant foods. We have no evidence clearly demon­
strating that these early humans used FIRE or constructed 

shelters. 
Potentially the longest-lived species of our genus was 

HOMO ERECTUS (see also HOMO). First described from IN­

DONESIA, Homo erectus is known from ca. 1.9 Ma in East 
Africa and persisted in CHINA up to ca. 250 Ka (thousands 
of years ago; also Kyr for time spans of thousands of years). 
The earlier African specimens are, however, often separated 
into their own species, HOMO ERGASTER. These first Homo 
erectus made stone tools of Oldowan type, but these were 
rapidly succeeded by a more complex ACHEULEAN tool kit 
(see EARLY PALEOLITHIC) based on large bifacially flaked ar­
tifacts, such as handaxes and cleavers, although in eastern 
Asia this is only rarely the case. The "Turkana Boy" early 
African Homo erectus skeleton, dated to ca. 1.6 Ma, shows 

that these humans were slenderly built but nearly modern in 
postcranial anatomy. Homo erectus nevertheless was highly 
distinctive in its cranial structure, although with a yet 
shorter face and larger brain than Homo habilis or H. 
rudolfensis. This was apparently the first form of human to 
learn to control FIRE (although burnt bone from 
SWARTKRANS at ca. 1.6 Ma might have been the work of an 

earlier species) and spread beyond the confines of AFRICA 
(see also ASIA, EASTERN AND SOUTHERN; ASIA, WESTERN; 
CHINA; INDONESIA), and to live in caves as well as open sites 
(see ARCHAEOLOGICAL SITES). It is unclear whether Homo 
erectus ever occupied EUROPE; the earliest human remains 

(ca. 0.8 Ma and younger) from that region of the world do 
not belong to this species, but have recently been called a 
distinct form, HOMO ANTECESSOR. 

The better-known early Europeans (ca. 0.5 Ma and 
younger) are usually classified as belonging to an archaic 
form of our own species, despite strong physical differences 
in cranial form from ourselves (see ARCHAIC HOMO SAPIENS). 

These differences are striking enough to lead an increasing 
number of paleoanthropologists to place them in their own 
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Two representations of relationships in the human fossil record. On the left, a fomily tree showing known ranges (solid vertical bars) and possible range 
extensions (broken bars) of the various species recognized; light oblique lines indicate possible paths of descent. On the right, a cladogram more formally 
expresses hypothesized relationships among the various species. Note: Australopithecus garhi was named too recently to be included here. 

species, HOMO HEIDELBERGENSIS, that is also known from 
other parts of the world. 

Initially, stone-tool-making techniques continued more 
or less the same as among Homo erectus, but eventually a re­
finement was developed, leading the way to the development 
of the MIDDLE PALEOLITHIC stone industries. This was the 

PREPARED-CORE technique, whereby a core was shaped from 
which a substantially completed tool could be struck with a 
single blow. These early humans also provide us with the first 
definite evidence for the construction of shelters at open 
sites. These were constructed using a framework of branches 
embedded in postholes on the ground and tied together at 
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the top. The same period has yielded evidence for similarly 
advanced humans, with cranial capacities larger than those 
of Homo erectus, in other parts of the world, including 
AFRICA and Asia. Their PALEOLITHIC LIFEWAYS depended on 
the hunting of herd animals. 

Perhaps the most famous of all extinct forms of human 
are the NEANDERTHALS, a European and western Asian 
group known from ca. 200 to 30 Ka. It is their western Euro­
pean representatives from the latest part of this period that 
show the morphological specializations of the Neanderthals 
in the most marked degree (see also ASIA, WESTERN; Eu­
ROPE). These archaic people employed a sophisticated stone­
working tradition known as the MOUSTERIAN, a variety of 

the MIDDLE PALEOLITHIC, and were the earliest humans to 
bury their dead with RITUAL practices. They were unques­
tionably replaced in Europe by invading waves of modern 
people (see HOMO SAPIENS; NEANDERTHALS), but the transi­
tion from archaic to modern human types in other parts of 
the world is less clear (see ARCHAIC MODERNS). A special 
group of entries discusses this topic from various points of 
view (see MODERN HUMAN ORIGINS). 

All modern HOMO SAPIENS share a distinctive skull 

anatomy, but the origin of this physical type remains a mys­
tery. Sub-Saharan AfRICA provides the earliest hints of AR­
CHAIC MODERNS (more than 100 Ka), but in all cases either 
the fossils are fragmentary or the dating is insecure. More re­

cently, North Africa and southwestern Asia have yielded re-

mains in the 100 Ka range of individuals who were reason­
ably modern in appearance yet distinct from any surviving 

group; fully modern humans appear to have been present in 
eastern Asia by ca. 40 Ka also. The earliest modern humans 

brought with them the highly sophisticated blade-based 
stone-working industries of the LATE PALEOLITHIC (see also 

STONE-ToOL MAKING). This phase is most clearly docu­
mented in EUROPE, where it is termed the UPPER PALE­

OLITHIC and is accompanied by the earliest evidence for art, 
notation, music, and elaborate body ornamentation (see 
CLOTHING; PALEOLITHIC IMAGE; PALEOLITHIC LIaWAYS; 

RITUAL). It was modern humans, too, who for the first time 
crossed into the New World (see AMERICAS; PALEOINDIAN) 

and traversed a substantial sea barrier to reach AUSTRALIA, 

where a series of highly interesting paleoanthropological 
finds has been made. 

Following the end of the most recent glacial episode, ca. 
10 Ka, the big-game-hunting cultures of the European UP­
PER PALEOLITHIC waned, yielding to the differently adapted 
societies of the MESOLITHIC period. It was perhaps first in 
the "Fertile Crescent" of southwest Asia that the next major 
economic and social developments occurred, with the 
growth in the NEOLITHIC period (New Stone Age) of settled 

village life and the DOMESTICATION of animals and plants. 
These developments paved the way toward COMPLEX SOCI­
ETIES and the written word, and hence toward the end of the 
long period of human PREHISTORY. 



Classification of the Primates 

Primate classification is, and probably always will be, in 
a state of flux. This is because classifications, as the products 
of human minds rather than of nature itself, may legiti­
mately reflect virtually any set of criteria, provided that those 
criteria are consistently applied (see CLASSIFICATION). Cur­
rently fashionable criteria range from the strict translitera­
tion of phylogeny, as expressed in a cladogram (see CLADIS­
TICS), to general expressions of overall resemblance. The first 
of these provides disputed and unstable classifications, be­
cause not all details (or in some cases major questions) of pri­
mate phylogeny have been definitively resolved. The second 
has much the same effect, because there exists no generally 
acceptable method of measuring such resemblance (but see 

EVOLUTIONARY SYSTEMATICS). 
It was necessary, however, to settle upon a single classifi­

cation for the purposes of organizing this volume. This is 
presented below. We wish to emphasize that we have not at­
tempted to produce a "definitive" classification but rather 
the closest thing we could achieve to a "consensus" classifica­
tion. No one, least of all the editors, will accept all of its de­
tails, and indeed some of our contributors inevitably take ex­
ception to parts of the classification in their entries; thus, 
each entry dealing with a family or a subfamily, depending 
upon the group involved, includes a classification of that 
group usually, but not always, equivalent to what follows. Yet 
most of it will be acceptable to most students of the primates, 
and it certainly serves as a coherent framework upon which 
to arrange the systematic contributions in this encyclopedia. 
For more details on authorship, synonymy, included species, 
and related topics, see Evolutionary History o/the Primates by 
ES. Szalay and E. Delson (Academic Press, 1979; second 
edition in prep). Our classification follows. (tdenotes an ex­
tinct genus; ? indicates that allocation of a genus to a higher 
taxon, or a subgenus to a genus, is uncertain.) 

Order Primates 
Semiorder Plesiadapiformes 

Superfamily Paromomyoidea 
Family Paromomyidae 

Subfamily Paromomyinae 
Tribe Purgatoriini 

t Purgatorius 

Tribe Paromomyini 
Subtribe Paromomyina 
tParomomys 

t 19nacius 
t Dillerlemur 

t Pulver/lumen 

t Simpsonlemur 
t Phenacolemur (including 
t Elwynella and t Arcius) 

Subtribe Palaechthonina 
t Palaechthon 

t Plesiolestes 

t Palenochtha 

t Premnoides 
Tribe Micromomyini 

t Micromomys 

tTinimomys 
t Chalicomomys 

t Myrmecomomys 
Tribe Navajoviini 

t Navajovius 

t Berruvius 

tAvenius 
Family Picrodontidae 

t Picrodus (including t Draconodus) 

t Zanycteris 

Superfamily Plesiadapoidea 
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Family Plesiadapidae 
t Pandemonium 
t Pronothodectes 
t Plesiadapis (including 

t Nannodectes) 
t Chiromyoides 
t Platychoerops 

Family Carpolestidae 
Subfamily Carpolestinae 

t Elphidotarsius 
t Carpodaptes (including 

t Carpolestes) 
t Carpocristes 

Subfamily Chronolestinae 
t Chronolestes 

Family Saxonellidae 
t Saxonella 

Semiorder Euprimates 
Suborder Strepsirhini 

Infraorder Adapiformes 
Family Adapidae 

tAdapis 
t Leptadapis 
t Simonsia 
t Paradapis 
t Cryptadapis 
tAlsatia 

Family Notharctidae 
Subfamily Notharctinae 

t Notharctus 
t Cercamonius 

Subfamily Protoadapinae 
Tribe Protoadapini 

t Protoadapis 
tMahgarita 
t Pronycticebus 
t Microadapis 
t Europolemur 
t Barnesia 
tAdapoides 
t Buxella 
t Periconodon 
t Huerzeleris 

Tribe Pelycodontini 
t Pelycodus 
tCantius 
t Laurasia 
tAgerinia 
t Donrussellia 
tCopelemur 
t Anchomomys 

Subfamily Sivaladapinae 
t Sivaladapis 
t Sinoadapis 
t Smilodectes 

?Infraorder Adapiformes 
t Caenopithecus 
t Lushius 

t Azibius 
t Panobius 
t Djebelemur 
tWailekia 
t Rencunius 
t Pondaungia 
t Amphipithecus 
t Hoanghonius 
t Chasselasia 
t Fendantia 
t Siamopithecus 
t Shizarodon 
tOmanodon 

Infraorder Lemuriformes 
Superfamily Lemuroidea 

Family Lemuridae 
Subfamily Lemurinae 

Varecia 
t Pachylemur 
Lemur 
Eulemur 

Subfamily Hapalemurinae 
Rapalemur 

Superfamily Indrioidea 
Family Indriidae 

Indri 
Propithecus 
Avahi 

Family Palaeopropithecidae 
t Palaeopropithecus 
t Archaeoindris 
t Mesopropithecus 
t Babakotia 

Family Archaeolemuridae 
t Archaeolemur 
t Radropithecus 

Family Lepilemuridae 
Subfamily Lepilemurinae 

Lepilemur 
Subfamily Megaladapinae 

t Megaladapis 
Family Daubentoniidae 

Daubentonia 
Superfamily Lorisoidea 

Family Lorisidae 
Loris 

t Indraloris 
t Mioeuoticus 
Arctocebus 
Perodicticus 
Nycticebus 

t Nycticeboides 
Family unspecified 

Pseudopotto 
Family Galagidae 

Galago 
G. (Galago) 
G. (Euoticus) 



Galagoides 
G. (Galagoides) 
G. (sciurocheirus) 

Otolemur 
tKomba 

Family indeterminate 
t Progalago 

Family Cheirogaleidae 
Cheirogaleus 
Microcebus 
Mirza 
Allocebus 
Phaner 

?Suborder Strepsirhini 
Superfamily Plesiopithecoidea 

t Plesiopithecus 
Suborder Haplorhini 

Hyporder Tarsiiformes 
Superfamily Tarsioidea 

Family Tarsiidae 
Tarsius 

1 Afrotarsius 
?t Xanthorhysis 

Family Eosimiidae 
t Eosimias 

Superfamily Omomyoidea 
Family Omomyidae 

Subfamily Omomyinae 
Tribe Omomyini 

Sub tribe Omomyina 
tOmomys 
t Chumashius 
Subtribe Mytoniina 
t Ourayia (including t Mytonius) 
t Macrotarsius 

Tribe Uintaniini 
t Stein ius 
t Uintanius (including t Huerfonius) 
tJemezius 

Tribe Utahiini 
t Utahia 
t stockia 
tAsiomomys 

Tribe Washakiini 
Sub tribe Hemiacodontina (new) 
t Loveina 
t Hemiacodon 
Subtribe Washakiina 
t shoshonius 
tWashakius 
t Dyseolemur 
Subtribe Rooneyiina (new rank) 
t Rooneyia 

Subfamily Ekgmowechashalinae 
t Ekgmowechashala 

Subfamily Anaptomorphinae 
Tribe Teilhardinini 

t Teilhardina 

CLASSIFICATION OF THE PRIMATES 

t Chlororhysis 
Tribe Trogolemurini 

t Trogolemur 
t Anemorhysis (including 

t Tetonoides and t Uintalacus) 
t Arapahovius 

Tribe Tetoniini 
t Tetonius (including 

t Pseudo teton ius and 
t Mckennamorphus) 

t Absarokius (including t Aycrossia 
and t strigorhysis) 

Tribe Anaptomorphini 
t Anaptomorphus 

tGazinius) 
Tribe Altaniini (new) 

tAltanius 
Subfamily Microchoerinae 

t Nannopithex 

(including 

t Pseudoloris (including t Pivetonia) 
t Necrolemur 
t Microchoerus 

Family Omomyidae, indeterminate 
t Decoredon 
t Kohatius 
t Altiatlasius 

Hyporder Anthropoidea 
Infraorder Platyrrhini 

Superfamily Ateloidea 
Family Atelidae 

Subfamily Atelinae 
Tribe Atelini 

Ateles 
Brachyteles 
Lagothrix 

tCaipora 
Tribe Alouattini 

Alouatta 
t stirtonia 
t Protopithecus 

?t Paralouatta 
Subfamily Pitheciinae 

Tribe Pitheciini 
Proteropithecia 
Chiropotes 
Cacajao 

t Cebupithecia 
t soriacebus 

Tribe Homunculini 
Aotus 
Callicebus 

t Tremacebus 
t Homunculus 

Subfamily Pitheciinae, incertae sedis 
t Carlocebus 
t Lagonimico 

?t Xenothrix 
?t Nuciruptor 
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?t Proteopithecia 
t Propithecia) 

Family Cebidae 
Subfamily Cebinae 

Cebus 
t Antilfothrix 

(previously 

Saimiri (?including t Neosaimirz) 
t Laventiana 
t Dolichocebus 
t Chilecebus 

Subfamily Callitrichinae 
Tribe Callimiconini 

Callimico 
?t Mohanamico 

Tribe Callitrichini 
Saguinus 
Leontopithecus 
Callithrix 
Cebuella 

Subfamily Calli trichinae incertae sedis 
?tMicodon 
?t Patasola 

Subfamily Branisellinae 
t Braniselfa 

t Szalatavus) 
Infraorder Catarrhini 

Parvorder Eucatarrhini 
Superfamily Hominoidea 

Family Proconsulidae 
t Proconsul 
t Kamoyapithecus 
?t Rangwapithecus 
?t Limnopithecus 

Family Hylobatidae 
Hylobates 

H. (Hylobates) 

(?including 

H. (Symphalangus) 
H. (Nomascus) 

? H. (Bunopithecus) 
Family Hominidae 

Subfamily Kenyapithecinae 
Tribe Afropithecini 

t Afropithecus 
?t Morotopithecus 
?t Heliopithecus 
?t Otavipithecus 
t Equatoriuc (-"Kenyapithecus") 

Tribe Kenyapithecini 
t Kenyapithecus 
t Griphopithecus 

Subfamily Dryopithecinae 
t Dryopithecus 

?t Lufengpithecus 
Subfamily Oreopithecinae 

t Oreopithecus 
Subfamily Ponginae 

Pongo 
t Sivapithecus 

t Ankarapithecus 
?t Gigantopithecus 

Subfamily Homininae 
Tribe Gorillini 

Gorilla 
Tribe Hominini 

t Ardipithecus 
t Australopithecus 
t Paranthropus 
Homo 

Subfamily Homininae, incertae sedis 
Pan 

?t Graecopithecus 
?t Samburupithecus 

Superfamily Cercopithecoidea 
Family Cercopithecidae 

Subfamily Cercopithecinae 
Tribe Cercopithecini 

Subtribe Cercopithecina 
Cercopithecus 
Miopithecus 
Erythrocebus 

Subtribe Allenopithecina 
Alfenopithecus 

Tribe Papionini 
Subtribe Papionina 

Papio 
P. (Papio) 

t P. (Dinopithecus) 
Mandril/us 
Cercocebus 

? Lophocebus 
t Gorgopithecus 

Theropithecus 
T (Theropithecus) 

t T ( Omopithecus) 
t Parapapio 

Subtribe Macacina 
Macaca 

t Procynocephalus 
t Paradolichopithecus 

Subfamily Colobinae 
Subtribe Colobina 

Colo bus 
Procolobus 

P. (Procolobus) 
P. (Piliocolobus) 

t Libypithecus 
t Cercopithecoides 
t Paracolobus 
t Rhinocolobus 

Subtribe Presby tina 
Presby tis 
Semnopithecus 

S. (Semnopithecus) 
S. (Trachypithecus) 

Pygathrix 
P. (Pygathrix) 



P. (Rhinopithecus) 
Nasalis 

N (Nasalis) 
N (Simias) 

Subfamily Colobinae, incertae sedis 
t Mesopithecus 
t Dolichopithecus (?including 

t Parapresbytis) 
Subfamily Victoriapithecinae 

t Victoriapithecus 
t Prohylobates 

Parvorder Eocatarrhini 
" Dendropithecus-Group" 

t Dendropithecus 
t Micropithecus 
t Simiolus 
t Kalepithecus 

?t Mabokopithecus 
?t Nyanzapithecus 
?t Turkanapithecus 

Family Pliopithecidae 
Subfamily Pliopithecinae 

t Pliopithecus 
Subfamily Crouzelinae 

t Plesiopliopithecus 
t Crouzelia) 

t Anapithecus 
t Laccopithecus 

(including 

CLASSIFICATION OF THE PRIMATES 

Subfamily indeterminate 
t Dionysopithecus 
t Platodontopithecus 

Family Propliopithecidae 
t Propliopithecus (including 

t Aegyptopithecus and 
t Moeripithecus) 

Infraorder Paracatarrhini 
Family Parapithecidae 

Subfamily Parapithecinae 
tApidium 
t Parapithecus 

tSimomius) 
Subfamily Qatraniinae 

tQatrania 
t Serapia 

?tArsinoea 
Subfamily indeterminate 

?t Biretia 
?t Algeripithecus 
?t Tabelia 

Family Oligopithecidae 
t Oligopithecus 
t Catopithecus 

?Hyporder Anthropoidea, incertae sedis 
t Proteopithecus 

Primates, incertae sedis 
t Petro lemur 

(including 
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xxviii TIME CHART 

Time Chart 
PALEOMAG GLOBAL Other WESTERN EUROPE PARATETHYS MARINE STAGES 

EPOCHS STANDARD Europ. 
CHRONS 

STAGES Stages ZONE MAMMAL AGE CENTRAL EASTERN 

Ma 

o l. 0.02 TYRRHENIAN MQ3 
MOLDAVIAN Cl PLEIST M. 0.9 IONIAN 2 BIHARIAN E. 1.8 CALABRIAN 1 1.6 2.0ASHERONIAN f- 1.77 

f- 2.58 C2 l. 2.5 GELASIAN MN 17 VILLAFRANCHIAN ROMANIAN 
A PLlO- M. 3.4 PIACENZIAN JI 

16 3.4 AKCHAGYLIAN 

f- 4.18(3 CENE 15 RUSCINIAN 
4.2 

E. ZAN CLEAN 14 4.8 
5.4 KIMMERIAN 5.2 5.2 

5.6 DACIAN 5 
f- 5.89 

A MESSINIAN 13 
PONTIAN PONTIAN 

f- 6.93 B 7.1 
12 TUROLIAN 7.1 

f- 7.43- UJ 
c:" C4 �~� PANNONIAN MAEOTIAN f- 8.69 ji 11 9.0 

A --' TORTONIAN 5.5. 
9.8 r- 9.74- 10 

VALLESIAN ------------
C5 9 PANNONIAN 11.0 KHERSONIAN 11.2 11.2 S.l. 11.5 

12.2 BESSARABIAN I- 11.93 8 SARMATIAN 
A --' SERRAVALLIAN c:" z 5.5. 13.6 VOLHYNIAN UJ « 

�.�~�-
7 ASTARACIAN :;!; 13.6 

Z Ci UJ c:" z KONKIAN u UJ 14.8 0" 6 0 f- 14.80 0 �~� ..0" 15.2 (!J BADENIAN 
B LANGHIAN �~�I� 

- -- - --
/,6.5 

« TSCHOKRAKIAN f- 16.01 �~� 16.4 5 a:: 16.5 
C « 

f- 17.27 4b KARPATIAN TARCHANIAN 
D 

BURDIGALIAN : 4a ORLEANIAN - OTTANGIAN KOZACHURIAN 
f- 19.04- " 3b 

�~� c: z C6 .!!! 3a « EGGEN-a:: 20.5 2.9·E SAKARAULIAN f- 20.51 « �~� - - - - -- - -- - - -- - - ::J 
UJ E 2b '" BURGIAN 

A :;;; 
22.0 

AQUITANIAN 0 2. AGENIAN « 
f- 22.58 co cr: B MNl 

10 

15 

20 

f- 23.35 23.8 23.8 EGERIAN CAUCASIAN 
C 

MP30 f- 24.73- ------------- -------------
t= �~�g�~�~�~� UJ 29 

�~� CHATTIAN ARVERNIAN C8 UJ 28 
f- 27.02- Z --' 

C9 UJ 27 

25 

f- 28.28- U 28.5 

"II 
�~�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-Cl0 0 26 

f- 29.40- (!J 
24·25 Cl1 ::J 

f- 30.48- 0 �~� 19 23 cr: RUPELIAN (J) SUEVIAN 

30 

C12 « 
c:1 

22 
UJ c: 

f- 33.06- �.�~� 21 
33.7 0> 33.7 

C13/14 c: -E: 20 f- 34.66-:::-:-=- UJ �~� 0" 19 �3�5�.�3�4�~� �~� PRIABONIAN :::" HEADONIAN f- "," 18 
C16 --' --.J: 17 f- 36.62- 36.9 - --- -- �~�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-

35 

C17 " " 16 
f- 38.43-

BARTONIAN 
40 C18 15 

41.3 
c: 

-41.26-
·!!!I C19 --' !::l 14 « 'F: -42.53- UJ Ci "'" z UJ Cil- 13 RHENANIAN 

UJ :;;; 
C20 u 

0 
UJ LUTETIAN 

12 
45 

- 46.26-

C21 11 

f- 49.03-
49.0 

�·�~�i� 
10 

C22 
- - -- - - �~�}�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-f- 50.78-

�~� 8 C23 YPRESIAN 
9 

cr: 

50 

f- 52.36- « 
C:I 

8 NEUSTRIAN UJ 

!I j C24 54.5 7 

/55.6 - - - - -- �~�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-
f- 55.90- THAN ETlAN 1:: 

C25 '" UJ �~� c: f- 57.55- �~� 57.9 .!!! CERNAYSIAN UJ 6 
Z --' c: 

" C26 
UJ 

SELANDIAN 
"0 u c: 

0 '" UJ 60.9 --.J 60.9 f- 60.92- --' 

·H C27 �~� 
�~� f- 62.50- c:" 

C28 
cr: DANIAN 0" MP 1-5 DANO-MONTIAN « �~�:� f- 63.98- UJ 

55 

60 

C29 65.0 
f- 65.58-

MAASTRICHTIAN 
65 

C30 

I-- 67.74-



r-________ �A�,�s �r���A� ________ �~�r�_ �-�-�-�-�-�-�-�A�-�F�.�R�-�I�C�-�A �-�-�-�-�-�-�-�-�4�_�-�- �-�-�-�-�-�A�-�M�-�E�.�R�-�I�C�-�A�-�S� ______ �~�P�A�L�E�O�M�A�G� 
CHRONS SOUTHERN EASTERN MAMMAL AGE 

NARMADA 0.9 ZHOUKOU D �0 �. �'�5�~ �~�t�~�A�d�'�~�~�~� 
1.5 NIHEWANIAN 

�r�2�"�,�-�.�5 �-�:�:�:�P�;�;�.�I�N�;�;�J�"�,�O�"�,�R�~�_�+�2 �,�5� ___________ _ �;�~�2� T URKANAN 

3.' TATROT 

7.B 

DHOK 
PATHAN 

NAGRI 
9.8 

CH INJ I 

13.5 

KAMLlAL­
MANCHAR 

1S,() 

DERA BUGTI 
1J!Jl __________ _ 

Wai l ek 
Pondaung 

Shanglluang 

Ku ldana 

Bumbin Nur u 

YUSHEAN '.0 
AFARIAN 

5,2 ____________ J-Ese>.oc..:K.o.:E::.R.::.IA,-,,-,N---l 

BARINGIAN 
7.0 

BAODEAN SUGUTAN 
9.0 

11.2 TUGEN IAN 

12.S 
TUNGGURIAN 

TINDERETIAN 
'.H __________ -!-""'5"".3 ____ __i 

SHAN­
WA NGIAN 

'Jl,O __________ _ 

XIEJIAN 

KIS INGIRIAN 

�2�~�.�!�,� ___________ l-'2"'3."'S ____ __i 

TABEN­
BULUKIAN 

SHANG­
DOLIAN 

TURKWELIAN 

OATRANIAN 

__ • __________ �l�-�'�3�~�3�~�. �7� ____ __i 

ULAN­
GOCHUAN FAYUM IAN 

___ _____ _____ �l�-�'�3�~�6�"�'�_�.�9� ____ __i 

SHARA­
M URUNIAN NUMIDIAN 

_____________ l-"::.1"'-.3 ____ __i 

IRDIN­
MAN HAN 

ARSHANTAN 

TEBESSAN 

_____________ �~�.�~�9 �.�~�0�-�-�-�-�-�4� 

BUMBANIAN 

GAS HATAN 

TINGITANIAN 
NONGSHANIAN 

Example sites 

Ki bish 
Bodo 

Nafiokotome 
Otduv3i 
Ura l ltl 

HilIdiH,Maka 
Lactali 

Kilnilpo ;, Arumis 

LOlh agam 
lukeino 

Sa(T'Ibu ru 

Ch'otora 
NgO(OfaA·C 

Bel9 Au1c:as 

Fon Ternan 

Muboko 

Arrisdrift 
Mogh,lr3 

Muruarot 
Rusinga 

N3P31i: 
SonghOr 

Mcswa Bridge 

l othidok 

Taqah 

Gebel �O �;�1 �l�r �~�n �i� 3·4, 

�T�h�3�"�,�'�i�n�~�t�i� 

Gebel Q,H'Lln i 1.2 

Nementcha 
Oasr el-Sagha 

Glib 2egdou 
Gou r Lazib 

EI Koho l 

N'T.;Igourt 

Adr.;lr �M�~ �o �r �r�'�l� 

Ou led Abdoun 

NORTH SOUTH 

R'LABREAN 0.8 lUJANIAN 
Cl 

f- 1.77 ..."...,---
1.8IRVINGTONIAN 1.2 

UOUIAN 
3.0 r- 2.58 C2 

�~�-�-�-�-�-�-�-�1� A BLANCAN 
4.0 CHAPAOMALA lAN 

' .7 
MONTE-

HEMPHILLIAN 6.B HERMOSAN r- : ::: �~� 
MONTE- r- 7.'3 -

9.0 9.0 HERMOSAN f- B.69 C4
A -�s�:�_�~�~�~�~�c�:�C�?�~�'�-�~� _ f- 9.74 C'5 CLARENDON­

IAN MAYOAN 
�r�'�C�!�.�1 �.�"�'�S �-�-�-�-�- �i�.�!�! �,�,�~�. �S�~� ____ _LJ 11.93 

LAVENTAN A 
BARSTOVIAN f-""'3.S"-___ --I 

15.9 

HEMING­
FORDIAN 

�,�,�f�~ �L�L �O�N�C�U�R�A�N� f- 14.S0 

16.3 FRIAS IAN f- 16.01 

17.5 SANTACRUCIANr- 17.27 

B 

C 

o 
19:-"- - - - - - ----- f- 19.04-

..,2",0.,,-0 -----I �2�5�~�:�~�~ �~�~�~�~�~ �~�~�~� f- 20.51 C6 

ARIKAREEAN 

30.0 

WHITNEYAN 

A 
f- 22.58 B 
f- 23.35 

r,2".4 . �.�,�,�5�-�-�-�-�-�-�L�.�.�J�2�4 �. �7�1�~� 

DESEADAN 

29.0 

1= �l�~�:�3�~ �~� 
C8 

f- 27.02-
C9 

r- 28.28 -
Cl0 

r- 29.'0 -
Cll r-- 30.4B-

32.0 31.5 C12 

r-- 33.06 -
C13/ l4 

I-- 3'.66-=-:-::­
r-- �3�S �. �3�'�~� 

ORELLAN 
33.7 

CHADRONIAN 

37.0 

DUCHESNIAN 

UINTAN 

BRIDGERIAN 

'9.0 
- '- ........ 

TINGUIRIRICAN 

�r�3�~�6 �. �,�,�-�0� ________ -I C16 
f- 36.62 -

C17 
r- 38.43 -

C18 
40.0 

DIVISADERAN r- 41.26 -·1Jl___________ C19 
- 42.53-

C20 
45.0 

MUSTERSAN - '6.26-

4§2 ___ _______ _ C2l 

- 49.03-

en 
1-;:--:-:-____ -{ I SO.78-

51.0 C23 

WASATCHIAN CASAMAYORAN - 52.36-

54.0 
C24 �S�~ �. �8� 

.... - - - .......... _5_5:.5 
56.0 �C�L�A�R�~�F�O�R�K �I �A�N� t:Sc:-S-=-s-----4_ , _ 
- - - - - - - - - - - - - 57:0RIOCHICAN 55.90m 

TIFFANIAN 
57.5 
59.0 ITABORAIAN 

57.55 -

C26 

16"'0"-.7-----i.,;n ____ �~�H�6�0 �· �9�2�-
61.0 " PELIGRAN" C27 

TORREJONIAN �f�.�'�6�~�2 �.�~�5�=�=�=�=�=�t�1�6�2 �. �S�0 �-SHANG UAN r, 

L _____ JL _____ l _____ J ______ �r�6�~�' �. �~�0�~�~�~�~�j�~ �:�!�~ �: �~�~�T�~�'�~�U�~�P�A�~�M�~�P�~�A�~�N�~�- �6�3�.�9�B �~� PUERCAN C29 
- 65.S8-

C30 

- 67.74 -

T I ME CHAR T xxix 

Time scale used in this encyclopedia. The 
Global Standard Stages are formal 
subdivisions of Cenozoic epochs defined in 
western European stratotypes; vertically 
oriented terms refer to marine stage names 
used i ncorrectly (but often) in the 
literature as mammalian zones. The age­
calibration of the stage boundaries and of 
the paleomagnetic record follows Berggren, 
WA .. Kent, D. V, Swisher, C c.. III. and 
Aubr)', M-P 1995 (i n WA. Berggren, et 
al.. eds., SEPM Society for Sedimentar), 
Geolog)'. Special Publication 54). Normal 
and reversed intervals within the 
paleomagnetic chrons are not indicated. 
The correlation of North American, South 
American, European, and (Eastern) Asian 
Land Mammal Ages to this time scale is 
that of M. C McKenna and S.K Bell, 
1997. Classification of Mammals Above 
the Species Level, Columbia University 
Press. For Europe, the set of numbered 
MN (Mammalian Neogene) and MP 
(Mammalian Paleogene) zones subdivides 
the Cenozoic even more finely. Land 
Mammal Ages for Africa are based 011 

characterizations sumlrUlrized in the entry 
AFRICA. For Afr ica and the Paleogene of 
Southern Asia, specific sites with primates 
are shown as well. Oblique broken lines 
represent uncertainty as to the boundar), 
between successive time units. Shaded 
intervals indicate gaps in the local 
stratigraphic record. The PLEISTOCENE 
time scale is shown in greater detail in that 
entry. 



Summary of Major Subject Areas 

ANTHROPOLOGICAL SUBDISCIPLINES 

EVOLUTIONARY BIOLOGY 
Basic Concepts 
Models and Hypotheses 
Behavioral Biology 
Genetics 
Numerical Approaches 
Systematics 

MORPHOLOGY 
General Concepts 
Bodily Systems 

PRIMATE TAXA 
Nonprimates, general terms, grades primates (including 
humans, arranged taxonomically) 

GEOGRAPHIC REGIONS 
Africa 
Americas 
Asia 
Australia 
Europe 

GEOLOGY, PALEONTOLOGY, 
STRATIGRAPHY, GEOCHRONOLOGY 
Geological Concepts 
Paleontological Concepts 
Time Intervals 
Dating Methods 

ARCHAEOLOGY 
General terms and concepts 
Tools, use and manufacture 
Industries 

ARCHAEOLOGICAL INDUSTRIES 
(BY AGE) 
Early Paleolithic 
Middle Paleolithic 
Late Paleolithic 
Epipaleolithic 
Postpaleolithic 
Paleo indian 
Disputed or rejected industries 

ARCHAEOLOGICAL INDUSTRIES 
(BY GEOGRAPHY) 
Africa 
Americas 
Asia 
Europe 

LOCALITIES (BY AGE) 
Paleogene 
Miocene 
Pliocene 
Early Pleistocene 
Middle Pleistocene 
Late Pleistocene (and Holocene) 

LOCALITIES (BY GEOGRAPHY) 
Africa 
Americas 
Asia 
Australia 
Europe 

BIOGRAPHICAL ENTRIES 
NOTE: Centered headings in the preceding section may not 
appear as entries. 
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Detailed List of All Articles by Topic 

ANTHROPOLOGICAL 
SUBDISCIPLINES 
Anthropology 
Archaeology 
Cultural Anthropology 
Human Paleontology 
Paleo an thropology 
Physical Anthropology 
Zoo archaeology 

EVOLUTIONARY BIOLOGY 
BASIC CONCEPTS 
Adaptation(s) 
Adaptive Radiation 
Allometry 
Biomechanics 
Cladistics 
Climate Change and Evolution 
Cline 
Evolution 
Evolutionary Morphology 
Evolutionary Systematics (Darwinian Phylogenetics) 
Extinction 
Functional Morphology 
Grade 
Homology 
Monophyly 
Ontogeny 
Paleobiogeography 
Paleontology 
Phenetics 
Phylogeny 
Preadaptation 
Scala Naturae 
Sexual Dimorphism 
Speciation 
Stratophenetics 
Transformation Series 

CONCEPTS, MODELS, AND HYPOTHESES IN 
HUMAN AND PRIMATE EVOLUTION 
Candelabra Model 
Flying-Primate Hypothesis 
Modern Human Origins: Archaeology and Behavior 
Modern Human Origins: Introduction 
Modern Human Origins: Multiregional Evolution 
Modern Human Origins: Out of Africa 
Modern Human Origins: The Genetic Perspective 
Molecular "vs." Morphological Approaches to Systematics 
Speech (Origins of) 
Stable Isotopes (in Biological Systems) 
Visual-Predation Hypothesis 

BEHAVIORAL BIOLOGY 
Ecology 
Ethology 
Primate Ecology 
Primate Societies 
Sociobiology 

GENETICS 
Allele 
Chromosome 
Cline 
DNA Hybridization 
Gene 
Genetics 
Genotype 
Immunological Distance 
Modern Human Origins: The Genetic Perspective 
Molecular Anthropology 
Molecular Clock 
Molecular "vs." Morphological Approaches to Systematics 
Non-Darwinian Evolution 

xxxiii 



xxxiv DETAILED LIST OF ALL ARTICLES BY TOPIC 

Phenotype 
Poly typic Variation 
Population 
Race (Human) 

NUMERICAL APPROACHES 
Morphometries 
Multivariate Analysis 
Numerical Cladistics 
Numerical Taxonomy 
Quantitative Methods 
Phenetics 

SYSTEMATICS 
aff. 
cf. 
Clade 
Cladistics 
Classification 
Grade 
Hypodigm 
Incertae Sedis 
Molecular "vs." Morphological Approaches to Systematics 
Nomenclature 
Priority 
Synonym(y) 
Systematics 
Taxon 
Taxonomy 

Order 
Semiorder 
Suborder 
Hyporder 
Infraorder 
Parvorder 
Superfamily 
Family 
Subfamily 
Tribe 
Subtribe 
Genus 
Subgenus 
Species 
Subspecies 

MORPHOLOGY AND HUMAN 
BIOLOGY 
GENERAL CONCEPTS 
Allometry 
Biomechanics 
Bone Biology 
Dwarfism 
Forensic Anthropology 
Gigantism 
Morphology 
Ontogeny 
Paleo pathology 
Rules 

Sexual Dimorphism 
Speech (Origins of) 
Stable Isotopes (in Biological Systems) 

BODILY SYSTEMS 
Brain 
Diet 
Ischial Callosities 
Locomotion 
Musculature 
Skeleton 
Skull 
Tail 
Teeth 

GEOGRAPHIC REGIONS 
AFRICA 
Mrica 

Africa, East 
Afar Basin 
Baringo Basin/T ugen Hills 
Djibouti 
Middle Awash 
Natron-Eyasi Basin 
Rift Valley 
Turkana Basin 
Western Rift 

Mrica, North 
Mrica, Southern 

Madagascar 

AMERICAS 
Americas 

Patagonia 

EURASIA 
Asia, Eastern and Southern 

China 
Indonesia 
Siwaliks 

Asia, Western 
Oman 

Europe 
France 
Perigord 

Russia 

AUSTRALIA 
Australia 

PRIMATE TAXA 
GENERAL TERMS, GRADES, NON PRIMATES 
Apatemyidae 
Ape 
Archonta 
Dermoptera 
Higher Primates 
Lower Primates 



Microsyopidae 
Monkey 
Prosimian 
Psychozoa 
Treeshrews 
Yeti 

PRIMATES (INCLUDING HUMANS, ARRANGED 
TAXONOMICALLy) 

Primates 
Plesiadapiformes 

Paromomyoidea 
Paromomyidae 
Picrodontidae 

Euprimates 

Plesiadapoidea 
Plesiadapidae 
Carpolestidae 
Saxonellidae 

Strepsirhini 
Adapiformes 

Adapidae 
Notharctidae 

tMahgarita 
t Donrussellia 

Adapiformes 
t Lushius 
t Hoanghonius 

Lemuriformes 
Lemuroidea 

Lemuridae 
Indrioidea 

Indriidae 
Palaeopropithecidae 
Archaeolemuridae 
Lepilemuridae 
Daubentoniidae 

Lorisoidea 
Lorisidae 
Galagidae 
Cheirogaleidae 

t Plesiopithecus 
Haplorhini 

Tarsiiformes 
Tarsioidea 

Tarsiidae 
?t Afrotarsius 

Eosimiidae 
Omomyoidea 

Omomyidae 
Omomyinae 

t Shoshonius 
Ekgmowechashalinae 
Anaptomorphinae 
Microchoerinae 

t Decoredon 
t Altiatlasius 

DETAILED LIST 01' ALL ARTICLES BY TOPIC 

Anthropoidea 
Platyrrhini 

Ateloidea 
Atelidae 

Atelinae 
Pitheciinae 

Cebidae 
Cebinae 
Calli trichinae 
B ranisellinae 

Catarrhini 
Eucatarrhini 

Hominoidea 
Proconsulidae 
Hylobatidae 
Hominidae 

Kenyapithecinae 
t Afropithecus 

?t Morotopithecus 
?t Heliopithecus 
?t Otavipithecus 
t Kenyapithecus 
t Griphopithecus 

Dryopithecinae 
t Dryopithecus 

?t Lufengpithecus 
Oreopithecinae 

t Oreopithecus 
Ponginae 

t Sivapithecus 
t Ankarapithecus 

?t Gigantopithecus 
Homininae 

Hominini 
Meganthropus 
"Hemanthropus" 

t Ardipithecus 
Ardipithecus ramidus 

t Australopithecus 
Australopithecus aforensis 
Australopithecus africanus 
Australopithecus anamensis 
Australopithecus bahrelghazali 
Australopithecus garhi 

t Paranthropus 
Paranthropus aethiopicus 
Paranthropus boisei 
Paranthropus robustus 

Homo 
Homo habilis 
Homo rudolfonsis 
Homo erectus 
Homo ergaster 
Homo antecessor 
Homo heidelbergensis 
Homo neanderthalensis 
Homo sapiens 
Archaic Homo sapiens 
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xxxvi DETAILED LIST OF ALL ARTICLES BY TOPIC 

?t Graecopithecus 
?t Samburupithecus 

Cercopithecoidea 
Cercopithecidae 

Cercopithecinae 
Colobinae 
Victoriapithecinae 

Eocatarrhini 
" Dendropithecus-Group" 
Pliopithecidae 
Propliopithecidae 

Paracatarrhini 
Parapithecidae 
Oligopithecidae 

Primates, incertae sedis 
t Petrolemur 

Anteneanderthal 
Neanderthals 

Preneanderthal 
Archaic Moderns 
Piltdown 
Presapiens 

NOTE: indet refers to taxa which are of indeterminate 
position within the higher taxon that includes them; square 
brackets [ 1 surround taxa that are monotypic (with only 
one member) and do not have entries separate from their in­
cluded lower taxon. The sequence of taxa here differs slightly 
from that in the full classification on pages xxiii-xxvii to sim­
plify and save space. 

GEOLOGY, PALEONTOLOGY, 
STRATIGRAPHY, GEOCHRONOLOGY 
GEOLOGICAL CONCEPTS 
Breccia Cave Formation 
Climate Change and Evolution 
Cyclostratigraphy 
Geochronometry 
Glaciation 
"Golden Spike" 
Paleoenvironment 
Paleontology 
Plate Tectonics 
Pluvials 
Sea-Level Change 
Stable Isotopes (in Biological Systems) 
Stratigraphy 
Taphonomy 
Time Scale 

PALEONTOLOGICAL CONCEPTS 
Biochronology 
Dragon Bones (and Teeth) 
Fossil 
Grande Coupure 
Human Paleontology 
Land-Mammal Ages 
Paleobiogeography 

Paleobiology 
Paleontology 
Pollen Analysis 
Stegodon-Ailuropoda Fauna 
Stratophenetics 
Taphonomy 

TIME INTERVALS 
Anthropogene 
Cenozoic 
Eocene 
Holocene 
Miocene 
Neogene 
Oligocene 
Paleocene 
Paleogene 
Pleistocene 
Pliocene 
Quaternary 
Tertiary 

DATING METHODS 
Amino-Acid Dating 
Beryllium and Aluminum Nuclide Dating 
Biochronology 
Calcium-41 Dating 
Cation-Ratio Dating 
Dendrochronology 
ESR (Electron Spin Resonance) Dating 
Fission-Track Dating 
Geochronometry 
Obsidian Hydration 
OSL (Optically Stimulated Luminescence) Dating 
Paleomagnetism 
Potassium-Argon Dating 
Radiocarbon Dating 
Radiometric Dating 
Tephrochronology 
TL (Thermoluminescence) Dating 
Trapped-Charge Dating 
Uranium-Series Dating 

ARCHAEOLOGY 
GENERAL TERMS AND CONCEPTS 
Aggregation-Dispersal 
Archaeological Sites 
Archaeology 
Broad-Spectrum Revolution 
Clothing 
Complex Societies 
Culture 
Domestication 
Economy, Prehistoric 
Ethnoarchaeology 
Exotics 
Fire 
Hunter-Gatherers 



Jewelry 
Landscape Archaeology 
Lithic Use-Wear 
Man-Land Relationships 
Middle-Range Theory 
Modern Human Origins: Archaeology and Behavior 
Modes, Technological 
Movius'Line 
Mugharet/Mughara 
Musical Instruments 
Paleodietary Analysis 
Paleolithic 
Paleolithic Calendar 
Paleolithic Image 
Paleolithic Lifeways 
Phytolith Analysis 
Prehistory 
Raw Materials 
Ritual 
Site Types 
Stable Isotopes (in Biological Systems) 
Storage 
Technology 
Zooarchaeology 

TOOLS, USE AND MANUFACTURE 
Awl 
Baton de Commandement 
Biface 
Bipolar Technique 
Blade 
Bone Tools 
Bow and Arrow 
Burin 
Chopper-Chopping Tools 
Cleaver 
Clothing 
Core 
Emireh Point 
Eoliths 
Fire 
Flake 
Flake-Blade 
Handaxe 
Harpoon 
Lithic Use-Wear 
Pick 
Prepared-Core 
Raw Materials 
Retouch 
Sagaie 
Scraper 
Spear 
Split-Base Bone Point 
Stone-Tool Making 

INDUSTRIES 
Abbevillian 
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Acheulean 
Ahmarian 
Amudian 
Antelian 
Anyathian 
Aterian 
Athlitian 
Aurignacian 
Azilian 
Badegoulian 
Bambata 
Baradostian 
Bronze Age 
Buda Industry 
Capsian 
Chatelperronian 
Chopper-Chopping Tools 
Clactonian 
Clovis 
Creswell ian 
Dabban 
Early Paleolithic 
Early Stone Age 
Emiran 
Epigravettian 
Epipaleolithic 
First Intermediate 
Folsom 
Gravettian 
Hamburgian 
Hoabinhian 
Hope Fountain 
Howieson's Poon 
Ibero-Maurusian 
Iron Age 
Jabrudian 
Kafuan 
Karari 
Kebaran 
Late Paleolithic 
Later Stone Age 
Levallois 
Levantine Aurignacian 
Llano Complex 
Lupemban 
Magdalenian 
Maglemosian 
Magosian 
Mesolithic 
Micoquian 
Middle Paleolithic 
Middle Stone Age 
Mousterian 
Mugharan 
Mushabian 
Natufian 
Neolithic 
Oldowan 
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Orangian 
Pacitanian 
Paleo indian 
Perigordian 
Pietersburg 
Plano 
Pre-Aurignacian 
Protomagdalenian 
Protosolutrean 
Romanellian 
Sandia 
Sangoan 
Sauveterrian 
Second Intermediate 
Smithfield 
Soan 
Solutrean 
Stillbay 
Szeletian 
Tabunian 
Tardenoisian 
Tayacian 
Tshitolian 
Uluzzian 
Upper Paleolithic 
Wilton 
Zhoukoudian 

ARCHAEOLOGICAL INDUSTRIES 
(BY AGE) 
EARLY PALEOLITHIC 
Abbevillian 
Acheulean 
Buda Industry 
Chopper-Chopping Tools 
Clactonian 
Early Paleolithic 
Early Stone Age 
Hope Fountain 
Jabrudian 
Karari 
Levallois 
Micoquian 
Mugharan 
Oldowan 
Pacitanian 
Sangoan 
Soan 
Tabunian 
Tayacian 
Zhoukoudian 

MIDDLE PALEOLITHIC 
Amudian 
Aterian 
Bambata 
First Intermediate 
Howieson's Poort 

Lupemban 
Middle Paleolithic 
Middle Stone Age 
Mousterian 
Orangian 
Pietersburg 
Pre-Aurignacian 
Sangoan 
Second Intermediate 
Stillbay 

LATE PALEOLITHIC 
Ahmarian 
Antelian 
Athlitian 
Autignacian 
Badegoulian 
Baradostian 
Capsian 
Chatelperronian 
Dabban 
Emiran 
Gravettian 
Kebaran 
Late Paleolithic 
Later Stone Age 
Levantine Aurignacian 
Magdalenian 
Mushabian 
Perigordian 
Protomagdalenian 
Protosolutrean 
Solutrean 
Szeletian 
Tshitolian 
Uluzzian 
Upper Paleolithic 

EPIPALEOLITHIC 
Anyathian 
Azilian 
Creswell ian 
Epigravettian 
Epipaleolithic 
Hamburgian 
Hoabinhian 
Ibero-Maurusian 
Maglemosian 
Natufian 
Pacitanian 
Romanellian 
Sauveterrian 
Smithfield 
Tardenoisian 
Wilton 

POSTPALEOLITHIC 
Bronze Age 



Complex Societies 
Iron Age 
Mesolithic 
Neolithic 

PALEOINDIAN 
Clovis 
Folsom 
Llano Complex 
Paleo indian 
Plano 

DISPUTED OR REJECTED INDUSTRIES 
Calico Hills 
Kafuan 
Magosian 
Sandia 

ARCHAEOLOGICAL INDUSTRIES 
(BY GEOGRAPHY) 
AFRICA 
Aterian 
Bambata 
Capsian 
Dabban 
Early Stone Age 
First Intermediate 
Hope Fountain 
Howieson's Poort 
Ibero-Maurusian 
Karari 
Later Stone Age 
Lupemban 
Middle Stone Age 
Mushabian 
Oldowan 
Orangian 
Pietersburg 
Sangoan 
Second Intermediate 
Smithfield 
Stillbay 
Tshitolian 
Wilton 

AMERICAS 
Clovis 
Folsom 
Llano Complex 
Paleo indian 
Plano 

ASIA 
Ahmarian 
Amudian 
Antelian 
Anyathian 
Athlitian 
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Baradostian 
Emiran 
Hoabinhian 
Jabrudian 
Kebaran 
Levantine Aurignacian 
Mugharan 
Mushabian 
Natufian 
Pacitanian 
Pre-Aurignacian 
Soan 
Tabunian 

EUROPE 
Abbevillian 
Acheulean 
Aurignacian 
Azilian 
Badegoulian 
Buda Industry 
Chatelperronian 
Clactonian 
Creswell ian 
Epigravettian 
Gravettian 
Hamburgian 
Levallois 
Magdalenian 
Maglemosian 
Mesolithic 
Micoquian 
Perigordian 
Protomagdalenian 
Protosolutrean 
Romanellian 
Sauveterrian 
Solutrean 
Szeletian 
Tardenoisian 
Tayacian 
Uluzzian 
Upper Paleolithic 

LOCALITIES (BY AGE) 
PALEOGENE 
Fayum 
Lothidok Site 
Oman 
Pondaung 
Turkana Basin 

MIOCENE 
Baringo Basin/T ugen Hills 
Buluk 
Fort Ternan 
Koru 
La Venta 
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Locherangan 
Lothagam 
Lothidok Formation 
Lufeng 
Maboko 
Nachola 
Napak 
Pa§alar 
Patagonia 
Rusinga 
Sahabi 
St. Gaudens 
Siwaliks 
Songhor 
Turkana Basin 
Western Rift 
Yuanmou 

PLIOCENE 
Afar Basin 
Baringo Basin/Tugen Hills 
Belohdelie 
Chiwondo Beds 
Fejej 
Gladysvale 
Hadar 
Kaitio Member 
Kalochoro Member 
Kanam 
Kanapoi 
Kataboi Member 
KBS Member 
Laetoli 
Lokalalei 
Lokalalei Member 
Lomekwi Member 
Lonyumun Member 
Lothagam 
Makapansgat 
Middle Awash 
Natron-Eyasi Basin 
Olduvai Gorge 
Rift Valley 
St. Eble 
Senga-5 
Siwaliks 
Sterkfontein 
Taung 
Turkana Basin 
Uraha 
Western Rift 
Yuanmou 

EARLY PLEISTOCENE 
Afar Basin 
'Ain Hanech 
Atapuerca 
Baringo Basin/T ugen Hills 

Chesowanja 
Chilhac 
Chiwondo Beds 
Djetis 
Dmanisi 
Drimolen 
Fejej 
Jian Shi 
Kanjera 
Karari 
KBS Member 
Konso 
Kromdraai 
Lantian 
Liucheng 
Longgupo 
Melka Kontoure 
Middle Awash 
Modjokerto 
Monte Peglia 
Nariokotome Member 
Nariokotome Site 3 (NK3) 
Natoo Member 
Natron-Eyasi Basin 
Nihewan 
Olduvai Gorge 
Peninj 
Sangiran Dome 
Sterkfontein 
Swartkrans 
Turkana Basin 
'Ubeidiya 
Vallonnet 
Western Rift 
Yayo 
Yuanmou 

MIDDLE PLEISTOCENE 
Afar Basin 
AItamura 
Ambrona 
Apidima 
Arago 
Atapuerca 
Baringo Basin/Tugen Hills 
Biache-St. Vaast 
Bilzingsleben 
Bodo 
Boxgrove 
Cave of Hearths 
Ceprano 
Clacton 
Dali 
Dawaitoli 
Djetis 
Ehringsdorf 
Florisbad 
Fontechevade 



Hexian 
Hope Fountain 
Hoxne 
Isernia 
Jinniushan 
Kabwe 
Kalambo Falls 
Kapthurin 
Kedung Brubus 
rEscale 
La Chaise 
La Corte de St. Brelade 
Lagar Velho 
Lainyamok 
Lang Trang 
Lantian 
Lazaret 
Levallois 
Mauer 
Melka Kontoun: 
Middle Awash 
Montmaurin 
Narmada 
Natron-Eyasi Basin 
Ndutu 
Ngaloba 
Ngandong (Solo) 
Nihewan 
Olduvai Gorge 
Olorgesailie 
Petralona 
Pontnewydd 
Pfezletice 
Reilingen 
St. Acheul 
Saldanha 
Sale 
Sambungmachan 
Sangiran Dome 
Sidi Abderrahman 
Soleilhac 
Steinheim 
Stranska Skala 
Swanscombe 
Tabtm 
Takamori 
Terra Amata 
Thomas Quarries 
Tighenif 
Torre in Pietra 
Trinil 
Venosa Sites 
Vertesszollos 
Xiaochangliang 
Xihoudu 
Yayo 
Yuanmou 
Yunxian 
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Zhoukoudian 
Zuttiyeh 

LATE PLEISTOCENE (AND HOLOCENE) 
Abri Pataud 
Afar Basin 
Afontova Gora 
'AinGhazal 
Altamira 
AmudCave 
Angles-sur -1' Anglin 
Apidima 
Apollo-II 
Aurignac 
Bacho Kiro 
Bambata 
Beidha 
Blackwater Draw 
Boker Tachtit 
Border Cave 
Calico Hills 
<;:atal Htiyilk 
Cave of Hearths 
Chauvet Cave 
Clovis 
Cosquer Cave 
Cro-Magnon 
Cueva Morin 
Dar -es-Soltane 
Denisova Cave 
Devon Downs 
Die Kelders 
Dingcun 
Dolni Vestonice 
Drachenloch 
Dyuktai 
E1Wad 
Engis 
Eyasi 
Fells Cave 
Folsom 
Fontechevade 
Ganovce 
Gargas 
Gesher Benot Ya'acov 

*Gi 
Gibraltar 
Gonnersdorf 
Grimaldi 
Guitarrero Cave 
Hahnofersand 
Haua Fteah 
Hayonim 
Howieson's Poort 
Ishanga 
Istallosko 
Jabrud 
Jarma 
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Jebel Irhoud 
Jerf'Ajla 
Jericho 
Kalambo Falls 
Kanam 
Kanjera 
Karain 
Kebara 
Keilor 
Kenniff Cave 
Kent's Cavern 
Kibish 
Klasies River Mouth 
Koonalda Cave 
Kostenki 
KotaTampan 
KowSwamp 
Krapina 
Ksar 'Akil 
LHortus 
La Brea Tar Pits 
La Chapelle-aux-Saints 
La Cotte de St. Brelade 
La Ferrassie 
La Naulette 
La Quina 
Lake Mungo 
Lascaux 
Laugerie Sites 
Le Chaffaud 
Le Moustier 
Lehringen 
Les Trois Freres 
Lothagam 
Mal'ta 
Meadowcroft Shelter 
Melka Kontoure 
Mezhirich 
Middle Awash 
Mladec 
Molodova 
Monte Verde 
Montmaurin 
Mumba 
Mushabi 
Narmada 
Natron-Eyasi Basin 
Neanderthal 
Nelson Bay Cave 
Ngandong (Solo) 
Niah 
Niaux 
Old Crow 
Olduvai Gorge 
Parpallo 
Paviland Cave 
Pavlov 
Pech de l'Aze 

Pech Merle 
Pedra Furada 
Perigord 
Pincevent 
Pfedmosti 
Qafzeh 
Quneitra 
Regourdou 
Rose Cottage 
Saccopastore 
Saint-Cesaire 
Sambungmachan 
Scladina 
Sea Harvest 
Shanidar 
Skhul 
Solutre 
Spy 
Star Carr 
Sungir 
Tabun 
Talgai 
Tata 
Teshik-Tash 
Tlapacoya 
Tsodilo Sites 
Turkana Basin 
Velica Pecina 
Vindija 
Western Rift 
Wonderwerk 
Zafarraya 

LOCALITIES (BY GEOGRAPHY) 
AFRICA 
'AinHanech 
Apollo-II 
Bambata 
Baringo Basin/T ugen Hills 
Belohdelie 
Bodo 
Border Cave 
Buluk 
Cave of Hearths 
Chesowanja 
Chiwondo Beds 
Dar-es-Sol tane 
Dawaitoli 
Die Kelders 
Drimolen 
Eyasi 
Fayum 
Fejej 
Florisbad 
Fort Ternan 
;tGi 
Gladysvale 
Hadar 



Haua Fteah 
Hope Fountain 
Howieson's Poort 
Ishango 
Jebel Irhoud 
Kabwe 
Kaitio Member 
Kalambo Falls 
Kalochoro Member 
Kanam 
Kanapoi 
Kanjera 
Kapthurin 
Karari 
Kataboi Member 
KBSMember 
Kibish 
Klasies River Mouth 
Konso 
Koru 
Kromdraai 
Laetoli 
Lainyamok 
Locherangan 
Lokalalei 
Lokalalei Member 
Lomekwi Member 
Lonyumun Member 
Lothagam 
Lothidok Formation 
Lothidok Site 
Maboko 
Makapansgat 
Melka Kontoure 
Mumba 
Mushabi 
Nachola 
Napak 
Nariokotome Member 
Nariokotome Site 3 (NK3) 
Natoo Member 
Ndutu 
Nelson Bay Cave 
Ngaloba 
Olduvai Gorge 
Olorgesailie 
Peninj 
Pietersburg 
Rift Valley 
Rose Cottage 
Rusinga 
Sahabi 
Saldanha 
Sale 
Sea Harvest 
Senga-5 
Sidi Abderrahman 
Smithfield 

DETAILED LIST OF ALL ARTICLES BY TOPIC 

Songhor 
Sterkfontein 
Stillbay 
Swartkrans 
Taung 
Thomas Quarries 
Tighenif 
Tsodilo Sites 
Uraha 
Wilton 
Wonderwerk 
Yayo 

AMERICAS 
Blackwater Draw 
Calico Hills 
Clovis 
Fells Cave 
Folsom 
Guitarrero Cave 
La Brea Tar Pits 
La Venta 
Meadowcroft Shelter 
Monte Verde 
Old Crow 
Patagonia 
Pedra Furada 
Sandia 
Tlapacoya 

ASIA 
'Ain Ghazal 
AmudCave 
Beidha 
Boker Tachtit 
<;:atal Hiiyiik 
Dali 
Dingcun 
Djetis 
Dmanisi 
Dyuktai 
ElWad 
Gesher Benot Ya' acov 
Hayonim 
Hexian 
Jabrud 
Jarmo 
Jerf'Ajla 
Jericho 
Jian Shi 
Jinniushan 
Karain 
Kebara 
Kedung Brubus 
KotaTampan 
Ksar 'Akil 
Lang Trang 
Lantian 
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Liucheng 
Longgupo 
Lufeng 
Modjokerto 
Narmada 
Ngandong (Solo) 
Niah 
Nihewan 
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Pondaung 
Qafzeh 
Quneitra 
Sambungmachan 
Sangiran Dome 
Shanidar 
Siwaliks 
Skhiil 
Tabiin 
Takamori 
Teshik-Tash 
Trinil 
'Ubeidiya 
Xiaochangliang 
Xihoudu 
Yuanmou 
Zhoukoudian 
Zuttiyeh 

AUSTRALIA 
Devon Downs 
Keilor 
Kenniff Cave 
Koonalda Cave 
KowSwamp 
Lake Mungo 
Talgai 

EUROPE 
Abri Pataud 
Altamira 
Altamura 
Ambrona 
Angles-sur-I'Anglin 
Apidima 
Arago 
Atapuerca 
Aurignac 
Bacho Kiro 
Biache-St. Vaast 
Bilzingsleben 
Boxgrove 
Ceprano 
Chauvet Cave 
Chilhac 
Clacton 
Cosquer Cave 
Cro-Magnon 
Cueva Morin 

Dmanisi 
Dolni Vestonice 
Drachenloch 
Dyuktai 
Ehringsdorf 
Engis 
Fontechevade 
Ginovce 
Gargas 
Gibraltar 
Gonnersdorf 
Grimaldi 
Hahnofersand 
Hoxne 
Isernia 
Istillosko 
Kent's Cavern 
Kostenki 
Krapina 
LEscale 
LHortus 
La Chaise 
La Chapelle-aux-Saints 
La Cotte de St. Brelade 
La Ferrassie 
La Naulette 
La Quina 
Lagar Velho 
Lascaux 
Laugerie Sites 
Lazaret 
Le Chaffaud 
Le Moustier 
Lehringen 
Les Trois Freres 
Levallois 
Mauer 
Mezhirich 
Mladec 
Molodova 
Monte Peglia 
Montmaurin 
Neanderthal 
Niaux 
Parpa1l6 
Paviland Cave 
Pavlov 
Pech de l'Aze 
Pech Merle 
Petralona 
Pincevent 
Pontnewydd 
Predmosti 
Prezletice 
Regourdou 
Reilingen 
Sacco pastore 
St. Acheul 



Saint-Cesaire 
St. Eble 
St. Gaudens 
Scladina 
Soleilhac 
Solutre 
Spy 
Star Carr 
Steinheim 
Stranska Skala 
Sungir 
Swanscombe 
Tata 
Terra Amata 
Torre in Pietra 
Vallonnet 
Velika Pecina 
Venosa Sites 
Vertesszollos 
Vindija 
Yunxian 
Zafarraya 

RUSSIA 
Afontova Gora 
Denisova Cave 
Kostenki 
Mal'ta 
Sungir 
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Abbevillian 
Term once used to refer to early Acheulean stone-tool assem­
blages in Eutope. This "stage" of tool technology was distin­
guished by crude, thick handaxes made by hard-hammer 
percussion. It was named after Abbeville (France), where a 
Middle Pleistocene site in the 45-m terrace of the Somme 
River yielded roughly made handaxes. 

See also Acheulean; Boucher de Perthes, Jacques; Early Paleo­
lithic; Handaxe; St. Acheul; Stone-Tool Making. [R.P.] 

Abri Pataud 
Rockshelter with archaeological and human remains located 
on the left bank of the Vezere River in Les Eyzies, Dordogne, 
in southwestern France, dated by radiocarbon determina­
tions between 34 and 20 Ka. With 14 major archaeological 
horizons, from Basal Aurignacian to Protomagdalenian and 
Solutrean, this site was excavated in the 1950s and 1960s by 
American prehistorian H.L. Movius, with emphasis on pa­
leoecological reconstruction, horizontal exposure of mini­
mal stratigraphic units or occupation horizons, and quanti­
tative analysis of archaeological materials. The excavations 
prompted significant revisions in the classic Upper Paleo­
lithic sequence of southwestern France and also yielded a se­
ries of human remains from the Protomagdalenian level. 

See also Archaeological Sites; Aurignacian; Movius, Hallam 
L., Jr.; Paleoenvironment; Perigordian; Protomagdalenian; 
Solutrean; Upper Paleolithic. [A.S.B.] 

Acheulean 
Early Paleolithic industry characterized by handaxes and 
similar types of modified stone tools. Acheulean artifact as­
semblages are known from ca. 1.5 to 0.2 Ma and span Africa, 
Europe, and Asia. Based originally on numerous handaxes 
discovered at the site of St. Acheul (France), the term 
Acheulean is applied to stone assemblages with large bifa­
cially flaked, ovoid tools. In an artifact assemblage, such 
tools must be abundant and/or finely made for the term to 

apply. In Africa, where the oldest Acheulean occurrences are 
known, handaxes and similar tools, such as cleavers and 
picks, are grouped under the term bifoces. Acheulean bifaces 
are highly standardized compared with flaked pieces of ear­
lier non-Acheulean industries. It has been suggested that 
Acheulean sites in Africa are those where 40 percent or more 
of the intentionally flaked stones (i.e., tools or cores) are bi­
faces. However, sites where bifaces are fewer but are flaked 
carefully and symmetrically are also called Acheulean. In the 
view of some archaeologists, these criteria distinguish the 
Acheulean from other industries containing rare and crudely 
flaked bifaces, such as the Developed Oldowan or Clacton­
ian. Still other researchers claim that, since the Acheulean is a 
tradition of tool manufacture involving the production of 
bifaces, any assemblage with such tools represents the 
Acheulean. 

Preceded by the Oldowan and related core-flake tool 
kits, the Acheulean may have originated by gradual transi­
tion in the degree to which oval-shaped cobbles were flaked 
(chopper to protohandaxe to handaxe). Particularly in Eu­
rope, the idea of gradual refinement in tool manufacture 
from pre-Acheulean to Acheulean and throughout the Early 
Paleolithic period has been thought to involve a shift from 
using hammerstones in tool manufacture to "soft" hammers, 
such as bone or antler, which permit greater control over the 
transmission of force needed to remove a flake. It was sug­
gested by G.L. Isaac, however, that the ability to remove large 
flakes (greater than 10 em in length) was essential to the 
emergence of the Acheulean in Africa. This ability may have 
represented a threshold in tool manufacture, rapidly ex­
ploited as a starting point in the manufacture of bifaces. The 
rough oval shape of early bifaces is a natural extension of the 
original form of large flakes regardless of whether they had 
been further shaped intentionally into preconceived tools or 
simply used as cores for efficient production of sharp flakes. 
In Early Acheulean assemblages, such as those at Olduvai 
Gorge (Tanzania), it is nonetheless true that bifaces were 
sometimes made on cobbles and also on flakes smaller than 
10 em. Thus, it is still unclear whether the manufacture of 
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Distribution of Acheulean artifoct assemblages and some important sites. Although bifaces are known from sites in China, Korea, and Japan, it is not 
clear whether the term Acheulean is applicable to assemblages in eastern Asia. 

Acheulean bifaces came about by gradual refinement in the 
flaking of cobbles or by a technical refinement in the ability 
to produce large flakes. 

Acheulean bifaces represent the distinctive product of 
early human technology during a period exceeding 1 Myr. 
Studies of sequences of sites from individual localities, such 
as Olorgesailie (Kenya), have shown that handaxe manufac­
ture and the overall makeup of Acheulean assemblages are 
marked by conservative, nonprogressive variation over hun­
dreds of thousands of years. Moreover, examples of bifaces 
from Africa, Europe, and Asia are remarkably similar to one 
another, despite the great distances between localities. Biface 
forms nevertheless did undergo refinement over the time 
span of the Acheulean. In the early Acheulean, handaxes and 
related tools were chunky in section, with one face flatter 
than the other. The striking platforms of large flakes and the 
cortex of large cobbles were not necessarily removed entirely, 
resulting in asymmetrical handaxes. By the end of the 
Acheulean, very sophisticated handaxes were often made; 
flat and symmetrical in shape, they required great skill to 
produce. Elaborate core-preparation (e.g., Levallois) tech­
niques, characteristic of Middle Paleolithic industries, were 
employed in producing highly refined bifaces in the latest 
Acheulean. Although many Late Acheulean assemblages ex­
hibit refined skills in toolmaking, others are characterized 
by crude bifaces and bold flaking, typical of the Early 
Acheulean. Indeed, many factors affected the degree of so­
phistication of bifaces, including the raw material used. 
Overall change in the Acheulean is reflected by the fact that 

no Early Acheulean assemblage is known to be as refined as 
some Late Acheulean tool kits. 

Lithic assemblages referred to as chopper-chopping tool 
industries are also known from the same time period 
throughout the Old World. These tool kits are typified by 
basic core-and-flake technology and tend to lack handaxes. 
Examples include the Clactonian in northern Europe, the 
Buda industry represented at Vertesszollos (Hungary), and 
the Zhoukoudian industry in China. It is unknown whether 
these assemblages represent a distinct tradition of tool man­
ufacture, geographic variants of the Acheulean, or, in some 
cases, an integral part of this industry. For example, it has 
been claimed that Clactonian assemblages reflect stages in 
the production of Acheulean tools. Other evidence suggests 
that biface and nonbiface assemblages are found in different 
habitats in the same area, as at Olorgesailie, and perhaps re­
flect different activities carried out by the same people. On 
the other hand, it is clear that assemblages in certain geo­
graphic regions, expecially in eastern Asia, simply are not 
characterized by bifaces. 

At many Acheulean sites, bifaces occur in extremely 
dense concentrations in fluvial contexts. The behavioral in­
terpretation of these sites is problematic due to the long time 
typically represented by fluvial strata and the possibility of 
winnowing of small flakes, leaving the heavier bifaces be­
hind. While some Acheulean sites thus represent long peri­
ods of lag accumulation (similar to cobble bars in a stream), 
others appear to reflect the systematic deposition by homi­
nids of handaxes near channels and of scraper-flake assem-
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Acheulean handaxes from (a) Olduvai Corge (Tanzania); (b) Lantian 
(China); (c) Combe-Crenal (France). 

blages in floodplains away from the channel axis. The behav­
ioral reasons for this pattern are unknown. 

It is widely assumed that most Acheulean assemblages 
were manufactured by populations of Homo erectus. Fossils of 
H erectus, however, are only rarely associated with Acheulean 
tools (e.g., at TIghenif [Algeria], Olduvai, and perhaps 
Swartkrans [South Africa]). In Africa, the oldest occurrences 
of the Acheulean (e.g., Konso and Olduvai middle Bed II) 
are in the time range of H erectus(e.g., Olduvai Hominid 9). 
But after 700 Ka, they also occur at sites (e.g., Saldanha 
[South Africa]' Ndutu [Tanzania], Bodo [Ethiopia)) yielding 
fossils often assigned to archaic Homo sapiens. In Europe, 
Acheulean assemblages first occur soon after 0.5 Ma. 
Acheulean tools persist alongside early H sapiens populations 
in Europe (e.g., at Swanscombe) and Africa until they are 
succeeded by Middle Paleolithic tool kits ca. 250-150 Ka. 

It is further assumed that these Acheulean toolmakers 
were hunter-gatherers who ranged widely for food. In fact, 
little is really known about the specific behavior and ecology 
of these hominids-for instance, whether they hunted big 
game or how they used their environments. Despite the 
prevalence of handaxes over an enormous time span, little is 
known about how they were used. One study of microscopic 
edge wear has shown that European handaxes were some­
times employed in butchery activities, and associated flakes 
also showed signs of working wood, hide, and bone. At other 
sites (e.g., an elephant skeleton and associated lithics exca-
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vated at Olorgesailie), handaxes evidently served as the cores 
for sharp flakes used in butchery. Experimental studies have 
indicated that bifaces are excellent all-purpose tools; their 
widespread distribution over much of the Paleolithic appears 
to bear this out. 

See also Africa; Africa, East; Africa, North; Africa, Southern; 
Archaic Homo sapiens; Asia, Eastern and Southern; 
Asia, Western; Boucher de Perthes, Jacques; Clactonian; 
Early Paleolithic; Europe; France; Homo erectus; Konso­
Gardula; Lithic Use-Wear; Middle Awash; Middle Paleo­
lithic; Movius's Line; Oldowan; Olduvai Gorge; Olorge­
sailie; Paleolithic Lifeways; Prepared-Core; Raw Materials; 
St. Acheul; Saldanha; Soleihac; Stone-Tool Making; 
Swanscombe; Swartkrans; Takamori; Tighenif; Vertesszi:i1-
los; Zhoukoudian. [R.P.J 
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Adapidae 

Extinct primate family that has come to include a plethora of 
European Eocene primates ranging in size from as small as a 
mouse (Anchomomys) to as big as a large cat (Leptadapis). Ac­
cording to studies of body size and molar shearing-crest de­
velopment, the larger forms (Adapis, Leptadapis, Caenopithe­

cus, Protoadapis, Europolemur) were probably folivorous, 
whereas the smaller forms (e.g., Periconodon, Anchomomys, 
Microadapis, Agerina), and possibly Pronycticebus as well, 
were probably insectivorous, with the latter three taxa per­
haps also including fruit in their diet. Although Adapidae is 
associated here with Notharctidae, it is only within the for­
mer group that the ancestry of modern strepsirhines has tra­
ditionally been sought. 
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History of Study 
The genus Adapis, which gives its name to the family Adapi­
dae as well as to taxa of other ranks, was described in 1821 by 
the French paleontologist G. Cuvier, who thought it might 
be either a pachyderm or an artiodactyl. Despite this "false 
start," Adapis claims the distinction of being the first fossil 
primate to be studied. Since its discovery, Adapis has become 
one of the best known of all European fossil primates: It is a 
particularly dominant mammal in collections from the lime­
stone deposits of the Franco-Belgian Basin. The genus Lep­
tadapis, the largest of the adapids, used to be included as a 
species of Adapis (A. magnus), but the genus Adapis is now 
reserved for the original form, A. parisiensis, and perhaps one 
other species of comparable size. 

In 1912, the Swiss paleontologist H.G. Stehlin pub­
lished a monographic study of Adapis (including "Ada pis" 
magnus). In comparing it especially with the North Ameri­
can Notharctus, he concluded that, while the Old and New 
World taxa may somehow be related, differences warranted 
distinction at the family level between the groups they repre­
sented. This matter was addressed by the American paleon­
tologist w.K. Gregory in his 1920 work on Notharctus, in 
which he argued that differences between Adapis and 
Notharctus in skull shape and particularly in dental elabora­
tion (more in the latter taxon), while real, were no less 
profound than differences that existed among miacids, an as­
semblage of extinct but diverse carnivores that all paleontol­
ogists seemed to agree belonged in the same family. Thus, 
Gregory concluded that it was appropriate to group the 
European taxa in the subfamily Adapinae and the North 
American forms in Notharctinae and to subsume both in the 
family Adapidae. 

The common ancestor of both adapid subfamilies was 
taken to be the Early Eocene Pelycodus (then known only 
from North America but subsequently also from Europe), 
from which Gregory believed that both the geologically 
younger Adapis and Notharctus could have evolved. 

This basic phylogenetic scheme was not altered in the 
ensuing few decades, but largely through the studies of P. 
Robinson and c.L. Gazin in the 1950s, Stehlin's suggestion 
that the European and the North American taxa should be 
separated at the family level was revived. Thus, two alterna­
tive classificatory schemes have been applied to the family 
Adapidae: most recently, E.L. Simons and ES. Szalay and E. 
Delson have preferred Gregory's subfamily divisions, while 
in this volume, for example, the distinctiveness of the two 
groups is maintained at the family level. 

Phylogenetic Relationships 
In addition to their ancientness (Middle-to-Late Eocene), 
adapids have been sought as potential ancestors of modern 
strepsirhines because of features that have been presumed to 
be primitive. Adapids lack a tooth comb of the sort seen in 
modern lemurs and lorises; they typically have a greater 
number of premolars (four as opposed to three in each quad­
rant of the jaw); and they have a "lemurlike" bulla, which, 
because it is similar to that in Lemur, was seen, almost by 
definition, as primitive. Aside from the occasional inconsis-

Three views of the cranium of Ada pis parisiensis. Scale is 1 cm. Courtesy 
of Frederick S. Szalay, from Szalay and Delson, 1979. 

tency, such as having a fused mandibular symphysis, Adapis 
especially could fulfill the role of ancestor to the modern 
strepsirhines. Gregory even argued that dental similarities 
between the fossil form and the extant Malagasy lemur, Lep­
ilemur, demonstrated the primitiveness among the living 
taxa of Lepilemur and thus the descent from Adapis of other 
lemurs via Lepilemur. Just over 50 years later, P.D. Gingerich 
thought the dental similarities were greater between Adapis 
and the extant Hapalemur and thus suggested that this 
genus, rather than Lepilemur, was the link between the ex­
tinct taxon and the other modern strepsirhines, a view not 
accepted here. In 1979, J.H. Schwartz and 1. Tattersall 
turned the argument around and suggested that the distinc­
tiveness of the compressed cusps and shearing crests of the 
molars of Adapis, as well as Hapalemur and Lepilemur, indi­
cated that these taxa were closely related and specialized 
members of Strepsirhini, forming a separate clade; these au­
thors included the Notharctus group in Adapidae. Subse­
quently, Schwartz pointed out that there really are no fea­
tures that would unite a Notharctus group with an Adapis 
group, and he and Tattersall presented dental and some cra­
nial evidence suggesting a relationship between Adapidae, in 
the restricted sense of Adapis plus those few forms sharing 
derived characters with it, and a particular group of Mala­
gasy primates, the indrioids. 

During this latter review, Schwartz and Tattersall failed 
to discover any derived characters that would unite with 
Adapis those taxa traditionally placed into Adapidae. As 
Robinson had suggested about North American fossils in­
cluded in the (primarily) Eocene family Omomyidae, it 
seemed that taxa had been placed in Adapidae because they 
were Eocene in age and European in location. An appraisal 



of the spectrum of so-called adapids led to the suggestion 
that some were actually related to Notharctus or Pelycodus, 
such as Cercamonius and Protoadapis, and Pronycticebus and 
Agerinia, respectively; others were linked to extant taxa, such 
as the fossil genus Huerzeleristo the living Malagasy primate, 
Phaner, and yet others were lorisoids of uncertain affinity, 
such as Anchomomys and Periconodon. 

Adapidae seemed, therefore, to be a group of few mem­
bers (Adapis and Ieptadapis, as well as the recently proposed 
genera Simonsia and Paradapis) related to a small number of 
specialized extant primates. Pelycodusalso emerged as sharing 
some potential derived features with Notharctus, as well as 
others with Smilodectes. Although not contributing to a reso­
lution of its relationships, this does indicate that Pelycodus 
could not have been ancestral to both a Notharctus group and 
an Adapis group. 

More recently, postcranial evidence has been brought to 

bear on the relationships of the Adapis group to the Notharctus 
group and of each of these groups to extant taxa. Studies by 
KC. Beard and colleagues of wrist and ankle bones attributed 
to Adapis, Notharctus, Cantius, and Smilodectes indicated that 
there were distinct differences between Adapis and the three 
taxa representative of the Notharctus group. In a comparison 
with a diversity of extant primates, Beard et aI. concluded that 
the Adapis group was more closely related to extant lemurs 
than to the Notharctus group because Adapis shared with ex­
tant lemurs a unique articulation between the ulna and the 
small pisiform bone of the wrist. This feature is not found in 
Smilodectes (the only taxon of the Notharctus group for which 
the appropriate bones are known) and is apparently not char­
acteristic of the anthropoid primates analyzed. Thus, Beard et 
al. concluded that certain aspects of wrist morphology corrob­
orated the interpretation based on craniodental features: The 
Notharctus group and the Adapis group are not sister taxa. 
Beard et al. did not, however, find support for the suggestion 
that Adapis may be closely related to only a few of the extant 
lemurs. Rather, these authors argued that another feature of 
the wrist-an os centrale that overlaps the capitate and makes 
contact with the hamate-is found uniquely in extant lemurs 
to the exclusion of Adapis. Although research being conducted 
by Schwartz and Yamada indicates that some features of wrist 
and ankle morphology require further documentation, it is 
apparent that the traditional phylogenetic and systematic 
schema involving Adapidae are in need of revision. 

Family Adapidae 
Subfamily Adapinae 

tAdapis 
t Ieptadapis 
t Simonsia 
tParadapis 
t Cryptadapis 
tAlsatia 

textinct 

See also Adapiformes; Diet; Indrioidea; Lemuriformes; 
Lemuroidea; Locomotion; Lorisoidea; Notharctidae; Skele­
ton; Strepsirhini; Teeth. [J.H.S.J 
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Adapiformes 
Primate infraorder including the mainly Eocene Adapidae 
and their close relatives, as distinguished from the living 
Lemuriformes. Together, Adapiformes and Lemuriformes 
form the Strepsirhini. Adapiformes was erected by ES. Szalay 
and E. Delson to distinguish a collection of primarily 
Eocene primates from more recent and supposedly descen­
dant strepsirhines. Adapiformes here subsumes the super­
family Adapoidea, which in turn contains the families Adap­
idae, Notharctidae, and perhaps Sivaladapidae. Adapoidea, 
when used previously, had included only the Holarctic fam­
ily Notharctidae and the European family Adapidae and had 
been grouped with extant taxa in the infraorder Lemuri­
formes. Some researchers have thought that Sivaladapis and 
other southern Asian Miocene forms could be related to 
adapids and distinguished as the family Sivaladapidae, but it 
seems that this concept combines unrelated taxa whose 
phyletic links are to different strepsirhine groups (Notharcti­
dae and Lorisidae); the family is no longer recognized here. 

Szalay and Delson suggested that the adapiforms could 
be distinguished from alliemuriforms because they lack the 
derived tooth comb that characterizes the latter group. Here, 
however, it is argued that the only feature that distinguishes 
Adapiformes as a group apart from extant strepsirhines is its 
members' greater antiquity. There are no morphological fea­
tures peculiar to adapiforms that would attest to their mono­
phyly: The lack of a tooth comb is an ancestral condition 
that does not unifY adapiforms or any other group; it is not 
even clear that the mere presence of a tooth comb unites all 
lemuriforms to the exclusion of any "adapiform." 

Inasmuch as characteristics of Strepsirhini are based 
historically on aspects of soft-tissue morphology, the phylo­
genetic association of any adapiform with extant taxa must 
be based on fossilizable material. Traditionally, the associa­
tion of adapiforms with extant taxa rested primarily on the 
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sharing by various notharctids, adapids, and lemurs of the 
"lemurlike" bulla-i.e., an "inflated" auditory bulla whose 
lateral edge extends laterally beyond the inferior margin of 
the tympanic ring (the "free" tympanic ring). Recent studies 
of the wrist and ankle morphology of various extant pri­
mates and bones of these regions attributed to Adapis, Lep­
tadapis, Notharctus, Cantius, Caenopithecus, and Smilodectes 
have concluded that certain features, while not uniting 
adapiforms as a group, are suggestive of the overall mono­
phyly of "adapiform" and extant lemuriform taxa. These 
same studies of the postcranium, as well as earlier analyses 
based on craniodental morphology, came to the conclusion 
that Adapidae and Notharctidae, at least, were not sister taxa. 
Rather, the former taxon was more closely related to extant 
lemurs than was the latter. 

To retain the overall pattern of primate phylogeny and 
classification laid out for this encyclopedia, Adapiformes is 
here utilized as a paraphyletic taxon. Genera previously in­
cluded in a unitary family Adapidae have been allocated to 
the families Adapidae and Notharctidae or placed as possible 
adapiforms of uncertain relationship. Some of the latter 
have also been suggested as possible ptotoanthtopoids 
and/or included in the adapid (or notharctid) subfamily Cer­
camoniinae ( = ?Protoadapinae). 

?Infraorder Adapiformes 
Family indeterminate 

t Caenopithecus 
t Lushius 
tAzibius 
t Panobius 
t Djebelemur 
tWailekia 
tRencunius 
t Pondaungia 
t Hoanghonius 

textinct 

See also Adapidae; Anthropoidea; Lorisidae; Monophyly; 
Notharctidae; Skeleton; Skull; Strepsirhini; Teeth. U.H.S.J 
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Adaptation(s) 
States of organismic phenotypes (an item of behavior, phys­
iological process, or anatomical property) shaped by natural 

selection to perform a specific role. The evolutionary process 
of natural selection acting to shape, maintain, or modify 
such properties is also known as adaptation. The theory of 
adaptation is the evolutionary biological explanation for the 
design apparent in nature, whereby organisms appear to dis­
playa close fit to their environments. Adaptation is the cen­
tral focus of Darwin's original formulation of evolutionary 
theory and of most modern formulations of the evolution­
ary process. 

Much remains to be learned about the process of 
adaptation. On the one hand, theorists since Darwin have 
argued that selection should constantly improve the quality 
of adaptations or modify adaptations to keep pace with 
changing environments. According to this view of adap­
tation, constant, gradual change should be the norm. On 
the other hand, many species remain stable in most of their 
characteristics for long periods of their history (the phe­
nomenon of stasis), and thus it is assumed that natural selec­
tion lends stability and conserves adaptations for large por­
tions of a species' history. According to this "punctuational" 
view, adaptive change is relatively rare in evolution, is rela­
tively rapid when it occurs, and is most often associated with 
speciation. 

See also Adaptive Radiation; Darwin, Charles Robert; Evolu­
tion; Phenotype; Preadaptation; Speciation. [N .E.] 
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Adaptive Radiation 
Evolutionary diversification of a monophyletic lineage, 
whereby descendant species occupy a variety of environments 
representing an array of ecological niches. Such evolutionary 
events are typically rapid and commonly follow mass extinc­
tions or reflect the invasion of underexploited habitats. A clas­
sic example is the diversification of marsupials in Australia. 

See also Adaptation(s); Evolution; Phylogeny. [N.E.] 

Afar Basin 
Lowland region at the mouth of the Ethiopian Rift Valley 
where it meets the Red Sea Rift and the Gulf of Aden Rift in 
a triple junction. Roughly triangular in outline, the Afar is 
bounded by the sea to the east, the Somalia Plateau to the 
south, and the Ethiopian Plateau to the northwest. The Afar 
today is an equatorial desert stretching over nearly 200,000 
km2, with some areas up to 100 m below sea level, which is 
traversed by the lower Awash River. It is inhabited by the 
Afar people of Ethiopia, from whom the region takes its 
name. The paleontological and archaeological potential of 
the Afar was discovered by the geologist Maurice Taieb dur­
ing geological reconnaissance of the Awash River Valley in 
the late 1960s, and paleontological and geological work 
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since then has resulted in discovery and analysis of many 
highly productive sites by teams working in separate areas. 
The newest area of study is in the far northwestern corner of 
the Afar, around the Danakil Depression of Eritrea. In 1995. 
an Eritrean-Italian team found a partial human cranium pre­
liminarily attributed to Homo cf. erectus in deposits, esti­
mated to date to ca. 1 Ma, south of the Gulf of ZuIa, near 
Buia. 

West-Central Basin 
The most significant paleoanthropological discoveries have 
been made in the depression known as the West-Central Afar 
Basin, an elongate downfaulted structure adjacent and paral­
lel to the Ethiopian Western Escarpment. Within this subsi­
dent basin, thick sequences of fluvial, deltaic, and lacustrine 
sediments have accumulated since Miocene times. Among 
the most signficant discoveries are those from the 200-m­
thick Middle Pliocene Hadar Formation. Among the Hadar 
remains, the partial skeleton nicknamed "Lucy" and the re­
mains of an associated group called the "First Family" are the 
best known. Based on more than 100 stratigraphic profiles, 
the Hadar Formation has been divided into four strati­
graphic members. At the base, the Sidi Hakoma Member 
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(SH) yielded the 1973 hominid knee joint, several hominid 
mandibles, and the hominid palates. The Denen Dora 
Member (DO) contained the 13-plus hominid individuals 
sampled from the "First Family" Locality 333, and the lower 
Kada Hadar Member (KH) produced the "Lucy" specimen. 
New specimens, including an early Homo, have since been 
recovered in younger strata in the uppermost member, the 
Kada Hadar Member. 

Radiometric dating has established the top of the main 
Hadar hominid-bearing succession (top of Middle Kada 
Hadar) at ca. 2.9 Ma. Dating for the lower units was initially 
controversial, with estimates from radiometric, biochrono­
logic, and trace-element composition analysis ranging be­
tween 3.3 and 3.6 Ma. The correlation of tuff layers at 
Hadar with well-dated tuffs in the Turkana Basin, together 
with radiometric dating of the 3.4 Ma SHTITulu-Bor Tuff 
at the base of the Sidi Hakoma Member just below the low­
est Hadar hominid fossil, has resolved this controversy. 

The wealth of paleontological material at Hadar is due 
to the combination of low-energy sedimentation and a 
strongly mineralizing depositional environment in the West­
Central Afar paleolake, resulting in an unusual taphonomic 
setting. Hadar beds are predominantly fine-grained mud­
stones, and the bones themselves are remarkably intact with 
many partially or wholly articulated skletons, indicating 
gentle currents and little postmortem transport. 

The focal element of the Hadar landscape during 
Pliocene times was a marsh-rimmed lake fed by periodically 
flooding, silt-laden rivers from the Ethiopian Escarpment. 
Microfossils and pollen indicate that the site occupied an ele­
vation much higher than it does today. The local environ­
ment was more humid and wooded than today, and fossils of 
hippopotamus and crocodile are indicative of relatively 
fresh, permanent water, at least in river pools if not in the lake 
itself. The Hadar vertebrate fauna and environment appear 
to have been dramatically distinct from those encountered at 
Laetoli in Tanzania, a Middle Pliocene site that has also 
yielded remains of the same early hominid found at Hadar, 
Australopithecus afarensis. 

The adjacent Gona study area has yielded Oldowan 
tools that date to 2.6 Ma. One of the oldest well-dated spec­
imens amibutable to Homo, a maxilla (AL 666-1) from 
Makaamitalu, in the upper KH Member at Hadar, is dated 
to ca. 2.3 Ma. The fieldwork at Hadar and Gona since 1990 
has resulted in large collections of hominid remains in the 
Middle and Late Pliocene and considerable refinement of 
the stratigraphy and dating of the Hadar sites. 

Middle Awash 
Unlike the extensive horizontal beds of Hadar, which are 
predominantly Pliocene in age, sediments outcropping in 
the Middle Awash from south of Gona to Gewane, along the 
central portion of the Awash River, are far more tectonically 
disturbed, with beds exposed in relatively small outcrop­
pings. Despite the geological complexity, tephrostrati­
graphic and radiometric analysis of numerous volcanic layers 
has identified strata ranging from Middle and Lower Pleis­
tocene down to Lower Pliocene levels predating those of the 
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Hadar Formation. The most prolific levels are in the oldest 
and youngest parts of the section. 

A partial hominid cranium and other remains from 
Bodo in the Middle Awash are associated with large numbers 
of Acheulean roo Is and an abundant Middle Pleistocene 
fauna. In the Maka area south of Bodo, Pliocene hominid re­
mains have been recovered from below the SHT (Sidi 
Hakoma Tuff) layer dated at 3.4 Ma in the Maka area, and 
portions of a hominid cranial vault dated to ca. 3.8 Ma were 
found in 1981 at Belohdelie. Mandibles, teeth, and more 
hominid postcrania were recovered in 1981 and 1990 at 
Maka, along with a diverse fauna of large vertebrates. The 
still older Aramis localities (ca. 4.4 Ma) were prospected in 
the 1990s and produced at first a trickle and then a flood of 
fossil hominin and cercopithecid remains. Ardipithecus (pre­
viously Australopithecus) ramidus is represented by dental, 
cranial, and postcranial elements, including an as yet unpub­
lished partial skeleton. Horizons even lower in the sequence 
have produced cercopithecid fossils, but no hominids have 
yet been recovered. 

In addition to the fossil discoveries outlined above, sev­
eral phases of the Oldowan and Acheulean, as well as Middle 
and Late Stone Age, archaeological sites with stone tools and 
fauna are known from other parts of the Middle Awash re­
gion of the Mar. Miocene beds, as well as the Pliocene and 
Pleistocene formations, have also yielded thousands of 
mammalian remains. 

Southern Mar Region 
Elsewhere in the Mar, near its southern edge at the town of 
Dire-Dawa, excavations in the Porc-Epic Cave yielded a 
Middle Stone Age assemblage with a fragmentary hominid 
mandible. In the headwaters of the Awash River is the site of 
Melka Kontoure, a stratified Plio-Pleistocene sequence some 
30 m thick that ranges in age from ca. 1.7 to 0.1 Ma, accord­
ing to K-Ar, paleomagnetic, and faunal correlations. The 
Melka �K�o�n�t�o�u�n�~� exposures stretch 5-6 km along both banks 
of the Awash River and contain abundant artifacts and fau­
nal remains. More than 50 archaeological sites have been 
identified, and about 30 "living floors" have been excavated 
here, including fragmentary remains of Homo erectus. 

The Gadeb site, above the southern escarpment, is actu­
ally in the drainage that flows toward Somalia instead of into 
the Mar. The exposures are of mid-Pliocene to mid-Pleis­
tocene age and yield some vertebrate remains, with many 
Acheulean tools in the upper levels. At the southwestern cor­
ner of the Afar is the site of Ch'orora, a Middle-to-Late 
Miocene fossil locality that has not yielded primate fossils. 
Kesem-Kebena, a relatively new paleoanthropological study 
area located in 1992 by the Paleo anthropological Inventory 
Project of Ethiopia, lies north of the Awash River opposite 
Ch' orora, north of Gadeb, and southwest of the Middle 
Awash. Here the deposits have been radiometrically dated to 
1.0 Ma and contain Early Acheulean assemblages and associ­
ated fauna. Mid-Pliocene sediments with fossil vertebrates 



are also known in this area. Far to the east, in the southern ex­
tension of the Afar occupied by the Djibouti Republic, sites 
near Barogali have yielded a vertebrate fauna containing a 
Homo partial maxilla that has been attributed to the late Mid­
dle Pleistocene. Other sites in the various formations in this 
area yield Early and Middle Pleistocene vertebrate faunas. 

See also Africa, East; Ardipithecus ramidus; Australopithecus 
afarensis; Bodo; Dawaitoli; Djibouti; Hadar; Melka Kon­
toure; Middle Awash; Rift Valley. [T.D.W.J 
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aff. 
From Latin affinis, related [toJ. It is used to indicate the 
likely affinities of systematic materials, most commonly fos­
sil, that are insufficient to permit exact determination of 
species or genus. Aff. generally implies somewhat more cer­
tainty of association than does cf., in that the unknown pop­
ulation is thought to be related to, rather than just to be 
compared with, the named taxon cited. A fragmentary fossil 
might be termed Homo cf. erectus if its identity were ques­
tionable, but Homo aff. erectus were it more clear that the 
fragment was similar to H erectus but perhaps represented a 
different but related species. 

See also cf.; Classification; Taxonomy. [E.D.J 

Afontova Gora 
A Late Paleolithic complex containing a number of stratified 
open-air sites (Afontova Gora I, II, III, IV) found along the 
right banks of the Yenisei River abutting the Afontova 
Mountain at the outskirts of the city of Krasnoyarsk in 
southern Siberia (Russia). The sites have yielded sparse hom-

AFRICA 

inid remains consisting of teeth belonging to an adolescent 
as well as nasal and frontal bone fragments of an adult male. 
Lithic inventories, assigned to the Late Paleolithic Afontova 
culture, feature cobble wedge-shaped and disc cores used to 
produce an abundance of flake tools, including large bifacial 
side scrapers, as well as some microblades. Bone and antler 
tools, as well as items of personal adornment, have also been 
recovered. Faunal remains include mammoth, reindeer, 
sheep, horse, aurochs/bison, ibex, saiga antelope, red deer, 
hares, arctic foxes, and wolves. Inventories and features sug­
gest the sites were temporary residential ones occupied from 
perhaps 20 to 12 Ka. 

See also Late Paleolithic; Russia. [0.5.] 

Africa 
No other continent rivals Africa in its importance for human 
evolution and prehistory. Human evolution can be traced in 
the African fossil record from Paleocene euprimates to Homo 
sapiens (albeit with a frustrating pre-Australopithecus gap). 
Africa's role as evolutionary center for the higher primates is 
emphasized by the fact that only the Southeast Asian hylo­
batids and the South American platyrrhine monkeys have di­
versified outside of its bounds. Archaeological finds in Africa 
predate those in any other continent by at least 1 Myr, and a 
vast body of archaeological material is available to document 
progressive technological change on the continent from 
crudely chipped pebbles to iron and bronze casting. On the 
basis of fossils and tools, the continent would seem to have 
been the place of origin not only for genus Homo, but also, 
ca. 2.5 Myr later between 0.2 and 0.1 Ma, for modern hu­
mans as well. 

Geology and Geography 
The geology of Africa would seem to hold little promise for a 
notable Cenozoic vertebrate fossil record. The Afro-Arabian 
continent, segmented by the Red Sea stretch of the East 
African Rift system, is essentially a high plateau of Precam­
brian basement without significant Cenozoic deformation 

PRIMAtrtVOlUTION IN AFRICA 
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Primate evolution in Africa: diagram of the relationships of higher 
primates, most of which evolved and diffirentiated in Africa. Courtesy of 
John G. Fleagle. 
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Effict of continental drift on Africa's position relative to that of other continents. Courtesy of john G. Fleagle. 

except in the Atlas and the East African Rift Valley. A sizable 
portion of the plateau is masked by Saharan, Arabian, and 
Kalahari dune sands, and even more by the "calcaire conti­
nental," indurated, un fossiliferous veneers of dune-base ma­
terial cemented by limy groundwater. Favorable locations are 
thus of relatively limited extent, but, in compensation, some 
of the deposits have proven to be incredibly prolific. 

Fossiliferous continental Cenozoic deposits in Afro­
Arabia fall into four principal groups. The most important 
by far are the thick sections of Miocene-to-Recent lacustrine 
and fluvial beds and alkali volcanics that accumulated in the 
linear depressions formed by the East African Rift from Is­
rael to Malawi, and in the paravolcanic basins of rift-shoul­
der volcanic complexes. Another cluster of fossil sites occurs 
in shoreward facies of Cenozoic coastal-plain deposits of 
North Africa and, to a lesser extent, in Southwest Africa and 
Arabia. A third source of fossils (with an unusually high pro­
portion of anthropoid remains) is in Plio-Pleistocene (and 
some Miocene) cave deposits within the karstic limestones of 
southern Africa. Finally, seismic and drilling programs have 
shown many thousands of meters of Cenozoic strata in the 
intracontinental "sags," or passively subsiding basins, that 
underlie the Sudd of the upper Nile, Lake Chad, and the 
Etosha Pan of northern Namibia. However, these basins are 
not subject to uplift tectonics, and only the Plio-Pleistocene 
outer margin of the Chad Basin has been exposed by erosion. 

The geological and faunal connections between Afro­
Arabia and other continents have been a topic of debate for 
centuries. As soon as accurate maps came into existence, the 
parallelism of the Atlantic coasts of Africa and South America 
inspired speculation about continental drift, and we now 
know that Africa was at the center of the Gondwana super-
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Geological framework of Africa: areas of outcrop of African rocks by age; 
note the relatively small area of Cenozoic sediments. From Cooke, 
H.B.S., in 11.;' Maglio and H.B.S. Cooke, eds. 1978, Evolution of 
African Mammals. Copyright © by the President and Fellows of 
Harvard College, reprinted by permission of Harvard University Press. 

continent ca. 225 Ma. This was the Permo-Triassic interval, 
when Afro-Arabia (together with Iran, Anatolia, and much of 
what is now Greece and Italy) was joined with South Amer­
ica, Antarctica, Australia, and the Indian subcontinent. Dur­
ing the Mesozoic, rift valleys evolved into ocean basins, and 
the Gondwana continents and subcontinents began to sepa­
rate. Since Gondwana was also separated from the northern 
supercontinent, Laurasia, by the Tethys Ocean, all of the 



Gondwana continents became islands. One by one, they have 
moved across the Tethys gap to join against Laurasia, so that 
Australia and Antarctica are the only ones still islands today. 
Although geologically isolated until the Miocene, Mrica 
seems to have been open to intermittent and probably selec­
tive faunal exchange with the north throughout the Mesozoic 
(as indicated by clear relationships among dinosaurs) and at 
several times in the Early Cenozoic. One of the earliest ex­
changes, at ca. 55 Ma, brought omomyid primates into the 
continent, and for the next 40 Myr this lineage diversified in 
relative isolation from the rest of the world. 

The African Fossil Record 
Mammalian paleontology in Mrica dates from nineteenth­
century descriptions of Eocene sirenians and cetaceans in 
Egypt and Late Pleistocene large mammals in the coastal ter­
races of Algeria and Morocco. In the 1920s, the discoveries 
of Australopithecus at Taung (South Africa) and of Proconsul 
at Koru (Kenya), as well as recognition of uniquely primitive 
lithic industries throughout the sub-Saharan region, began 
the vindication of Charles Darwin's prediction that Mrica 
would prove to be the cradle of human evolution. In the 
years since World War II, a steady stream of discoveries has 
made Mrica the focus of the most advanced multidiscipli­
nary programs in paleoanthropology (human paleontology 
and Paleolithic archaeology), with significant carryover in 
the allied fields of vertebrate paleontology, paleoenviron­
mental studies, and Cenozoic geochronology. 

By 1998, well over 100 collecting areas had yielded diverse 
and well-preserved local faunas of fossil mammals to document 
the Cenozoic history of Mrican mammals-approximately 
half with primate remains-and there are as many or more that 
are of significant archaeological interest. As noted above, most 
sites are confined to the Rift Valley, to the narrow coastal plains, 
and to scattered exposures of cave deposits in southern Mrica. 

Archaeological sites are only slightly less concentrated 
in these geologically favored regions. A significant number of 
the more recent discoveries, however, have been reported 
from hitherto lightly explored regions of Arabia, the Atlas, 
and Central Mrica, suggesting that the fossil and artifact 
map will continue to fill in across the continent. 

THE AFRO-ARABIAN PALEOBIOLOGICAL REGION 

Mainland Mrica, Arabia, and the Levant were a single conti­
nental unit until the Early Miocene. During this early period, 
the African faunal realm may also have extended into micro­
continents that were structurally tangent to Mro-Arabia, such 
as the central massifs of Iberia, Apulia, Yugoslavia, Romania, 
northern Greece, Turkey, and Iran, all of which are now su­
tured to southern Eurasia. Eocene mammals from scattered 
occurrences in these regions have strong affinities to Mrica and 
not to coeval faunas in the lands to the north. Fossils from the 
Eocene of Indo-Pakistan, Burma, and Thailand also suggest a 
degree of mid-Paleogene communication with Mro-Arabia, 
involving exchange of early rodents, tethytheres (sirenians, 
proboscideans), anthracotheres, and adapiform or tarsiiform 
primates (e.g., Pondaungiain Burma and the Hoanghoniusand 
Eosimias associations in China, all of Middle Eocene age). 
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Major vegetation types of modern Africa. From Cooke, H.B. S., in v.j. 
Maglio and H.B.S. Cooke, eds. 1978, Evolution of African Mammals. 
Copyright © by the President and Fellows of Harvard College, reprinted 
by permission of Harvard University Press. 

The Old World tropics was the only part of the world in 
which a diverse primate fauna survived the changing cli­
mates of the Oligocene. In the Late Eocene, the anthropoids 
and probably the strepsirhines were already present in Mrica 
(including, presumably, lemuroids in Madagascar). From 
the Oligocene onward, seasonal and latitudinal differences 
intensified in Mrica, but the primates, particularly the an­
thropoids (and lemurs), continued to thrive. Unfortunately, 
we know little or nothing of mammalian faunas outside of 
the coastal plains and the rift valley, and the paleoclimatic 
conditions and faunal assemblages of these regions are thus 
grossly overrepresented in the record. 

REGIONAL SUBDIVISION 

The latitude of the Afro-Arabian crustal plate changed very 
little during the Cenozoic, so that the present broad divi­
sion into northern, equatorial, and southern environmental 
domains probably existed over the past 50 Myr. These do­
mains have different environments and even more different 
fossil records due to regional taphonomic bias. The north­
ern zone is equivalent to the Mediterranean coast and the 
great arid zone of the interior; for this work, we have se­
lected its southern margin as a boundary that includes the 
Saharan Plateau, the Chad and Sudanese Basins, and the 
Arabian Peninsula save only Yemen. The 12° S parallel, 
which we have arbitrarily set as the boundary of the south­
ern region from the west coast to the rift, lies slightly north 
of the known limit of the fossiliferous paleokarst, in south­
ern Angola. The East Mrican Rift ends at 15° S, not far be­
low the environmentally transitional Pliocene faunas of 
Chiwondo in Malawi, and we have set the boundary of the 
southern Africa zone to angle towards this parallel from the 
rift to the east coast. 
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Eco-geographical regions of Africa as used in this encyclopedia. Clockwise 
from top, these are: North Africa, East Africa, Southern Africa, and West 
and Central Africa; of these, only the last is not treated in a separate entry. 
The boundaries of the first three regions are as discussed in their respective 
entries. 

Between these two poleward zones lies the equatorial 
belt, here divided into eastern and West-Central Mrica by 
the continental divide along the shoulder of the rift valley. 
East Africa is thus the region from the rift to the Indian 
Ocean between the 15th parallels. Unfortunately, so little is 
known of the paleontological history of the west-central re­
gion (and not much more of its earlier Paleolithic archaeol­
ogy) that there is no separate encyclopedia entry for it. 

CLIMATIC HISTORY 

At ca. 35.5 Ma, at the end of the Eocene, exposure of signif­
icantly colder Antarctic bottom water in the upwelling cells 
along the west coasts of Mrica and India initiated a major 
shift in prevailing winds and rainfall. Cold winds from the 
Namib and Senegal-Mauritania cells created arid low-pres­
sure cells over adjacent parts of southern and northern 
Mrica, while warm air from counterflowing Atlantic surface 
waters near the equator provided moisture for seasonal 
southwesterly monsoons in Central Mrica, with most rain­
fall in the west. Given this general pattern, intensified by the 
north-south highland divide of the rift shoulders, the west 
half of Mrica will always have been characterized by extreme 
contrasts between high precipitation near the equator and 
low precipitation to the north and south, while the eastern 
half will have had less average rainfall in the equatorial zone 
and, consequently, less conspicuous latitudinal variation. 

Superimposed on this pattern were migrations of eco­
logical zones under the influence of short-term climate 
changes, most notably in the Late Cenozoic in response to 
the orbitally forced cycles of Pliocene and Pleistocene cli­
mate. In the equatorial region, ecozone shifts were essentially 
vertical, in synchrony with retreats and advances of moun-

tain glaciers and the declines and rises of pluvially controlled 
lakes. The presently extensive grasslands and xeric scrub­
lands on the Mrican high plains, for instance, were forced 
into coastal refugia during cold/pluvial events, and miombo 
and highland forests moved downslope from the mountain­
ous regions to cover the plains. At higher latitudes, particu­
larly in southern Mrica, ecoplanes are tilted poleward, and 
the Late Cenozoic global climate cycles also involved notable 
lateral and altitudinal shifts. 

REGIONAL TAPHONOMIC BIASES 

In the African fossil record, the regional ecological differ­
ences have been exaggerated by regional taphonomic biases. 
The paleontology of the equatorial region in East Mrica, the 
standard for African mammal biochronology, is completely 
dominated by material collected from the volcanic highlands 
and rift valleys. Throughout this area, the fossils are found 
in strata that accumulated in volcanically active, ecologic­
ally fragmented, and topographically varied terrain. In the 
peculiar geology of the rift, hyperalkaline volcanic ejecta 
created fossilizing environments resembling desert playas in 
the midst of tropical forest and brushland, in a process 
termed mock aridity. The number and diversity of fossils 
from such localities are exceptional; postmortem sorting is 
minimal; and the contribution from normally underrepre­
sented (i.e., rapidly decomposed) forest communities is un­
usually high. 

By contrast, Paleogene and Neogene paleofaunas in the 
northern zone are almost exclusively from low-relief coastal 
lowland settings. The exception is that part of the Mio­
Pliocene small-mammal record recovered from karst fillings 
in the Atlas foothills. Aside from this, the northern sample 
represents swamp, forest, and interfluve savannah habitats 
on coastal plains, in which postmortem damage, sorting, and 
preservation under the influence of coastal sedimentary 
regimes are highly variable. Mammal remains from highland 
communities were normally too distant, except in the Israel 
Miocene sample, to have contributed. 

Knowledge of the southern paleo faunal zone is again 
strongly biased, because here the great majority of material was 
preserved in cave deposits, with a much lesser amount from es­
tuarine and aeolian sites. The cave-preserved assemblages built 
up under strongly selective conditions in which nocturnal 
small mammals (mainly in raptor middens), hyaenas, leop­
ards, terrestrial cercopithecoids, hominoids, and small herbi­
vores are consistently among the best-represented groups. In 
the cave sites, postmortem integrity of larger species is only 
moderate, but preservation tends to be good to excellent. 

AFRICAN LAND-MAMMAl. AGES 

A stable biochronological framework for the growing vol­
ume of paleontological, stratigraphical, and archaeological 
data from Mrica has long been needed. Much of the col­
lected fossil material, however, has yet to be adequately de­
scribed. On the other hand, geochronometry in East Mrica 
is extremely well developed, and isochronous correlations, 
from magnetostratigraphy and tephrachronology, connect a 
large number of sites. In view of this, a recent approach has 
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Major African fossil localities yieidingprimates (including hominins) and Paleolithic archaeological remains. Numbers represent site names (in 
approximate chronological order), as follows: 1, Adrar Mgorn 1; 2, Chambi; 3, Glib Zegdou; 4, Nementcha, Bir elAter; 5, Fayum; 6, Malembe; 7, 
Lothidok; 8, Moroto; 9, Ryskop; 10, Rusinga; 11, Kalodirr; 12, Gebel Zelten; 13, Wadi Moghara; 14, Maboko; 15, Fort Teman (also Koru, Songhor); 
16, BergAukas; 17, Tugm Hills; 18, Samburu; 19, Mmacer; 20, Lothagam; 21, Aramis; 22, Kanapoi; 23, Laetoli; 24, Bahrel Ghazal; 25, Hadar, 
Gona; 26, Omo (Usno, Shu1Jgura, Kibish); 27, Makapa1J, Cave o[Hearths; 28, Koobi Fora; 29, Sterkfontein, Swartkrans, Kromdraai; 30, Nachukui 
(West Titrkana); 31, Chiwondo (Uraha); 32, Leba; 33, Taung; 34, Oiduvai Gorge; 35, KOrlSO; 36, Melka Kontoure; 37, Ain Hanech; 38, Buia; 39, 
Kilombe; 40, Olorgesailie; 41, Bodo; 42, Tighmif 43, Ain Maarou! 44, .!ayo (Koro-Toro); 45, Saldanha (Hopefield); 46, Kalambo Falls; 47, Kabwe; 
48, Sidi Abderrahman, Thomas Quarries; 49, Isimila; 50, Sale; 51, Tachmghit; 52, Tihodaine; 53, Florisbad; 54, Twin Rivers; 56, Klasies River Mouth; 
57, Jebellrhoud; 58, Dire-Dawa; 59, Lupemba; 60, Bir Tarfowi; 61, Adrar Bous; 62, Border Cave; 63, Singa; 64, Katanda, Ishango; 65, Gobedra; 66, 
Taforalt; 67, Mumbwa; 68, Howiesons Poort; 69. Rose Cottage; 70, etGi; 71, Tsodilo Hills; 73, Haua Fteah; 74, Apollo-II; 75, Pomongwe, Bambata; 
76, GoGoshis Qabe; 77, Cape Flats, Fish Hoek; 78, Boskop; 79, Gamble's Cave; 80, fwo Elmt; 81, Mushabi; 82, Khami; 83, Wadi HalJa, Khor Musa; 
84, Wadi Kubbaniya, Kom Ombo. Site contents not indicated here-see detailed maps in regional entries; Note: sites 55 and 72 deleted. 

been to group the East African local faunas according to ex­
ternal rather than internal criteria of age. The boundaries be­
tween these units are defined by the oldest site of each group, 
without primary reference to the presently known age limit 
of any included taxon. In this way, faunal range limits may 
continue to change with new finds and revisions without 
destabilizing the age or definition of unit boundaries. With 

regard to the most commonly observed fossils, a preliminary 
characterization of the units at the genus level can be pro­
posed, and sites from northern and southern Africa can be 
assigned to the East Africa-defined regional land-mammal 
age units according to local geochronology and faunally 
based estimates of age. 

(text continues on page 16) 
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KEY TAXA EAST AFRICA Aae, Ma OTHER AFRO-ARABIA Aae, Ma 

Naivashan 
(+) Rusingorvx Naivasha Rockshelter 70.01 Casablanca Soltanian Morocco 007 
(") Muste/a Nesokia, Sus OL Naisiusiu -0.02 Melkbos; Swartklip S. Afr. -0.06 
(Ie) Megantereon, Praeomys, Paraethomys, Mumba Cave-V Tanzania -0.02 Border Cave S. Afr. -0.09 
Pe/orovis Mega/otragus, Rabaticerus, ET Galana Boi -0.10 Klasies River S. Afr. 0.12 - 0.09 
Leptobos Omo Kibish Ethiopia 70.10 

+Laetoli Ngaloba Tanzania -0.15 

Natronian 
(") Ursus, Leptobos, Capra, Connochaetes OL Ndutu Beds (upper) -0.25 Casabl. Presoltanian Morocco 0.18 - 0.15 
(It) Machairodus, Irhoudia Hexaprotodon Isimila Tanzania -0.3 Jebellrhoud Morocco 0.2 - 0.125 
Ko/pochoerus Mene/ikia Hipparion Lainyamok 0.36 Florisbad S. Afr. -0.25 
E/ephas OL Ndutu Beds (lower) 0.37 Sale; Thomas 1 Morocco -0.28 

BA Kapthurin 0.3 Rabat Morocco -0.3 
AW Melka Kunture-5 0.6 Kabwe (Broken Hill) Zambia -0.5 
AWBodo 0.64 Saldanha (Hopefield) S. Af. 0.7 - 0.5 
Kariandusi -0.8 Temifine, Thomas "G" Morocco -0.7 
SH Upper L; ET Silbo 1.0-0.74 Vaal River (upper) S. Afr. 70.7-0.2 
AW Melka Kunture-3; -4 1.0- 0.7 Namib-IV Namibia -0.7 
OL Masek 1.0 - 0.9 Cornelia S. Afr. ?1.0 
+Olorgesailie 1-14 +0.99-0.49 

Late Turkanan 
(+) Gorgopitheeus Kanam Rawi, Kanjera North. ?1.2 Djebel Ressas 568 Tunisia -1.2 
(") Ourebia; Georhychus, Menones OL Bed 1111 IV 1.4-1.0 An Nafud Saudi Arabia -13 
(Ie) Dinofelis Homotherium, Chasmapor- SH-L; ET Chari 1.4-1.3 'Ubediya Israel -1.4 
thetes Rhinoeo/obus, Cereopithecoides Konso (upper) Ethiopia 1.45-1.3 Kromdraai A, Swtkr. 2-3 S. Afr. -1.5 
Paranthropus Prolagus, Makapania WT Nariokotome 1.33 Ain Hanech Algeria -1.5 
Deinotherium Mammuthus, Anancus Barogali Djibouti 1.5 Yayo Chad -1.5 

AW-Melka Kunture-211 1.5-1.1 Humpata (Leba) Angola -1.5 
Peninj Tanzania 1.5 Djebel Ressas 1 Tunisia -1.6 
Gadeb Ethiopia 1.5 Imoud Ocre Morocco -1.6 
OL Bed" (upper) 1.6-1.4 Sterkfontein 5 S. Afr. -1.6 
SH-JIK; ET Okote 1.64-1.4 Swartkrans I S. Afr. -16 
BA Chesowanja (=Chemoigut) -1.8 Kromdraai B S. Afr. -1.8 
WR Nyabusosi -1.8-1.3 
ET Fejej-1 1.88 
Konso (lower) Ethiopia 1.9 
Anabo Koma Djibouti 1.9 
OL Bed I, lower Bed II 1.9-1.6 
+ET-KBS; SH-H 1.9-1.65 

Early Turkanan 
(+) Prototomys Kanjera South ?2.0 Swartkrans II, Bolt's 6 S. Afr. -2.0 
("J Rhynchocvon Erinaceus Paranthro- ET Upper Burgi 2.0 Langebaan upper S. Afr. -2.0 
OJ!§, Homo Vulpes Lycaon Otocyon BA Chemeron (upper) -2.4 Ouadi Derdemi, Koula Algeria. 72.0 
Proteles, Alcelaphus AW Matabaietu, K. Hadar (upp.) 2.5-2.3 Taung S. Afr. -2.3 
(Ie) Parac%bus, Parapapio, �~� (Dino- WR Hohwa, Kaiso 2.5-2.0 Constantine, Ain Jourdel Alger. -2.3 
pitheeusl, Paraxerus Nyanzachoerus Chiwondo 3A Malawi -2.5 Ain Brimba Tunisia -2.5 
Notochoerus Ancylotherium Primelephas Marsabit (Algas) -2.5 Ahl al Oughlam Morocco -2.5 

WT Lokalalei, Kalochoro 2.52-2.35 
+SH-DIG 252-2.33 

Late Afarian 
(") Crocidura Elephantulus, Suncus, Laetoli Ndolanya Tanzania -2.6 Sterkfontein-4 (main) S. Afr. -2.6 
Rhinoco/obus, Cercopithecus, Cerco- ET Hasuma; SH C 2.85-2.6 Ain Boucherit Algeria 73.0 
pithecoides, Papio, P. fDinopithecusl WR Kyeoro -3.0-2.5 O. Fouarat, O. Akrech Morocco ?3.0 
Steatomys, Arvicanthus Grammomys, Kesem-Kebena 1 Ethiopia -3.0-2.5 Makapansgat-lIllwr. IV S. Afr. -3.0 
Equus, Phacochoerus Came/us Menelikia AW Kada Hadar (lower) 3.18-2.95 Gcwihaba Botswana -3.0 
Antidorcas AW SHTlDenen 0 3.39-3.2 Lac Ichkeul Tunisia 73.5 
(It) Australopitheeus Xenohystrix, WTLomekwi 3.39-2.6 Bahr el-Gazal Chad -3.5 
Ugandax ET Tulu Bor; SH B 3.39-2.9 

AWMaka 3.4 
WR Warwire -3.5-3.0 
+ET Lokochot; SH A 3.5-3.39 

Early Afarian 
(+) Praedamalis Karmosit -3.6 Vaal River, Lower S. Afr. ?4.0-3.5 
(") Mungos Ictonvx Panthera Chasma- Laetolil (upper) Tanzania 3.7-3.5 
potthetes Canis Ga/ago, Theroplthecus AW Belohdelie Ethiopia 3.8 
Serengetilagus Pedetes Xerus Oenomys Ekora 3.8 
Thallomys Notochoerus Potamochoerus AW Sagantole Ethiopia 4.0-3.6 
Metridiochoerus Pelorovis +ET Moiti; Omo U-1 3.96-3.40 
(Ie) Miotragocerus Stegodon 

African Land Mammal Ages (LMAs). The time frame is based on the well-calibrated sequence of local faunas in East Africa (Kenya, except where 
noted). Many of the East African "local faunas" identified by site names (col. 2) were actually collected from many sub-sites in the same stratigraphic 
unit. Local faunas outside of East Africa (col. 4) are mostly not directly dated, and are positioned here according to faunal correlation. The age limits 
of each unit are set by the index fauna at the base (marked with +), following the principle of abase defines boundary." Prior to the Fayum fauna, data 
are insufficient to justifY setting firm boundaries, and names have been given to arbitrary spans of time that contain roughly comparable sites in North 
Africa. The range limits ofKey genera, in the left side column, are selected from the known record because of their significance, either because they are 
abundant or because they are informative for diversity, habitat, or biogeography. Primates are shown in bold, In the pre-Fayumian sites, all identified 
genera are considered significant. The relationship of these LMAs to calibrated chronostratigraphy, magnetostratigraphy, and paleoclimatology, and to 
LMAs of other regions, is shown in the "Time Scale" section of the Introduction. Note that the upper and lower age range limits of the noted genera are 
not necessarily coincident with the upper or lower boundaries of the relevant mammal age. 

(+) 
(") 
(It) 

taxon 
taxon 

? 

Key to notation 

Characterizing taxon: apparently restricted to this time interval, in Africa AW 
FAD: earliest known African occurrence of taxon is within this interval BA 
LAD: last known African occurrence of taxon is within this interval ET 
Known range includes East Africa during this interval OL 
Known range only in southern andlor northern Africa during this interval SH 
Questionable date WR 
Approximate date WT 

Awash - eastern Ethiopian Rift basin, Ethiopia 
Baringo - Lake Baringo basin & Tugen Hills, Kenya 
East Turkana - nottheast Lake Turkana basin, Kenya-Ethiopia 
Olduvai - Eyasi basin, notthern Tanzania 
Shungura - lower Omo River basin, southern Ethiopia 
Western Rift - Lake Albett basin, western Uganda, NE Zaire 
West Turkana - western Lake Turkana baSin, Kenya 



KEY TAXA 

Kerian 
(+) Ardlpithecus, Stegodibe/odon 
(") Parapapio Australopithecus, 
Herpestes, Heloga/e Mellivora, Torolutra 
Lutra, Megantereon Crocuta Nyctereutes 
Pro/agus, Lepus, Tatera, Mastomys Kolpo­
choerus Syncerus Redunca E/ephas 
Loxodonta 
(It) Agriotherium Zramys, Progonomys, 
Brachvpotherium Dicerorhinus Stegotetra­
belodon 

Baringian 
(+) Libypithecus, Ai/epus Kanisamys 
Cainotherium Dama/aera Chemositia 
(") Civettietis Agriotherium Hyaena. 
Dinofelis Maeaea, Hystrix Heteroeepha/us 
Thrvonomys Mus, Rattus, Saeeostomus, 
Aney/otherium Sivatherium Giraffa Mad­
QSlYE, Miotragoeerus, Trage/aphus, Kobus, 
Aepveeros Raphieerus Prime/ephas 
Mammuthus 
(It) Sayimys, Afrieanomys, Myoerieetodon, 
Ubyeosaurus 

Sugutan 
(+) Indaretos, Samburupithecus, Micro­
e%bus, Nakalimys Kenyatherium 
(") Paraethomys, Hippopotamus Hipparion 
Zygolophodon, Stegodon 
(It) Paranomalurus Tetra/ophodon 

Tugenian 
(+) Vishnuonvx Otavipitheeus, Dama/av­
!!§. 

(") Canis, Mellivora Progonomys, Nyanza­
choerus Miotragoeerus, Prostrepsieeros, 
Pa/eotragus, Stegotetrabe/odon 
(It) Dissopsa/is Vietoriapithecus, Kenya­
Ditheeus Vuleaniseiurus. Nguruwe Nasus 
Kenyapotamus Dorcatherium Canthu­
meryx, Chilotheridium, Prodeinotherium 

Tinderetian 
(+) Paradiceros 
(") Genetta, Maehairodus, Percroeuta 
Kenyapithecus. Kenyapotamus Climaeo­
�~� Samotherium Heterohyrax, 
Choerolophodon Ananeus 
(It) Hyainailourous, Anasinopa Komba, 
LimnoDitheeus. Mleropitheeus. Procon­
W Simio/us. Paraphiomys Diamantomys 
Myophiomys, Notoerieetodon, Namaehoer­
!!§., Ubyeoehoerus, Eotragus, Aeeratherium 
Miorhynehoeyon Paehyhyrax 

Kisingirian 
(+) Afroeyon, Afrosmilus Kieheehia Luo­
�~� Dendropithecus, Rangwapithecus, 
Prohy/obates, Morotopitheeus, Afropith­
�~� Turkanapltheeus, Kenva/agomvs 
Kenyamys, Kenyasus Hvoboops Prohvrax 
(") Hyainailourous, Komba, Limnopithee­
J!§ Micropltheeus, Proconsul, Victoria­
pitheeus, Sim/olus, Paranoma/urus Mega­
pedetes, Paraphiomys, Diamantomys 
Myophiomys Atlantoxerus, Vuleaniseiurus 
Notoerieetodon Nasus Nguruwe Nama­
choerus Libyeoehoerus, Dorcatherium 
Canthumervx, Prolibytherium, Paleotragus 
Eotragus, Gazella, Aeeratherium, Braehvpo­
therium Miorhyneoeyon Gomphotherium 
(It) ADterodon Phiomys Afromeryx, 
Eozygodon Arehaebelodon 

EAST AFRICA 

Kanapoi 
Omo Mursi Ethiopia 
Aterir 
WT/ET Lonyumun 
AWAramis 
Kanam Homa 
Chiwondo 2 (Uraha) Malawi 
BA Tabarin 
AW Kuseralee 
WR Ongoliba Zaire 
Manonga Kilolele Tanzania 
+Lothagam Apak 

Manonga Tinde Tanzania 
WR Nyawiega 
WR Nkondo 
Manonga Ibole Tanzania 
Lukeino 
Lothagam Nawala upper 
Kanam West 
Lothagam Nawata lower 
+BA Mpesida 

Nakali 
BA Ngeringerowa 
+Namurungule (Baragoi) 

BA Ngorora DIE 
AWCh'orora 
WR Kakara (Mohari) 
+BA Ngorora NC 

BAAlengerr 
Kirimun 
Fort Ternan 
WR Kisegi 
Nyakaeh (Sondu) 
Nachola 
BA Muruyur, Kipsaramon 
+Maboko-Majiwa 

Ombo, Mariwa 
Rusinga Kulu, Uyoma 
Kajong (Mwiti) 
Loperot 
Kalodirr (Muruarot) 
Locherangan 
Rusinga Hiwegi, Karungu 
Bukwa Uganda 
Moroto Uganda 
Napak Uganda 
Songhor, Koru 
+Meswa 

Age, Ma 

4.12 
4.27-4.0 
4.27-4.0 
4.35-4.0 
4.4 
-4.5 
74.5 
4.5 
-5.0-4.5 
-5.0 
-5.0 
-5.0-4.5 

-5.3 
-5.5 
-6.0 
-6.0 
6.0 
6.2-5.5 
-6.2 
-7.0-6.6 
7.0-6.5 

78.0 
-9.0 
-9.5 

-11-10 
10.6 
-12 
12.8-11.6 

13 
13.5 
14.0 
-14 
-15 
15 
-15.5 
15.3 

-16 
16 
-17 
17 
17 
17.5 
17.8 
718 
718 
-19 
-19 
-20 

OTHER AFRO-ARABIA 

Hamada Damous Morocco 
Bochianga; Kolinga Chad 
Ain Guettara Morocco 
Argoub Kemellal Algeria 
Douaria Tunisia 
Amama-2 Algeria 
Kolle Chad 

Langebaan "E" S.Afr. 
Sahabi Libya 
Wadi Natrun Egypt 
Hondeklip 30m S. Afr. 
Amama-1 Algeria 
Menacer (Marceau) Morocco 
Klein Zee S. Afr, 
Banyunah Abu Dhabi 

Khendek el-Ouaich Algeria 
Sidi Salem Algeria 
Dj. Krechem Tunisia 

Oued Zra Algeria 
Oued Mya Algeria 
Bou Hanifia Algeria 
Jebel Hamrin Iraq 
Beglia sup. Tunisia 
Hondeklip 50m S. Afr. 
Beglia info Tunisia 
Berg Aukas Namibia 

Pataniak-6 Algeria 
Testour Tunisia 
Cherichera Tunisia 
Beni Mellal Algeria 
HoM Saudi Arabia 

Arrisdrift-Rooilepel Namibia 
Jebel Zelten; Siwa Libya 
Hadrukh - AsSarrar Saudi Ar. 
Huqf - Ghaba Oman 
Negev Rotem Israel 
Jebel Mrhila Tunisia 
Wadi Moghara Egypt 
Auchas Namibia 
Sperrgebiet Namibia 
Hondeklip 90m S. Afr 
J. Midrash Sham ali Saudi Ar 

Age, Ma 

74.5 
74.5 
?4.5 
-4.5 
-4.5 
-4.5 
-4.5 

-5.3 
-5.3 
-5.3 
?5.3 
-6.5 
?7 
77 
-7 

7.4 
-80 
-9 

9.7 
-10 
-10 
-10 
-10 
712 
-12 
-12 

-13 
-13.5 
713.5 
-14 
-15 

-16 
-18 
-18 
-18 
-18 
-18 
?18 
-18 
-18 
-18 
720 
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KEY TAXA EAST AFRICA �A�~�e�,� Ma OTHER AFRO-ARABIA �A�~�e�,� Ma 

Turkwelian 
(+) Kamoyapithecus Lothidok -26 Wadi Sabyah Saudi Arabia 723 
(") Afromervx, Prodeinotherium Eozvgo-
QQfl, Archaebe/odon 

Qatranian 
(+) Metapterodon, Afrotarsius, Omana- (None) Taqah Oman -31 
don, Shizarodon, Parapithecus, Apidium, Thayiiniti Oman 33 
Propliopithecus, Meto/dobotes, Se/eno- Malembe Ango/a (Gabinda) ?33 
hyrax Zallah Libya -33 
(") Pachyhyrax Gebel Qatrani-4 (I,M) Egypt 
(Ie) Qatrania, Oligopithecus, Metaphiomys +Gebel Qatrani-3 (E,v) (Egypt -33 
Mega/ohyrax, Titanohydrax, Saghatherium, -34 
Thyrohyrax, Bunohyrax, Barytherium, 
Paleomastodon 

Fayumian 
(+) Plo/emaia, Hyaenodon, Biretia, (None) Gebel Qatrani-2 (A,B,C) Egypt -35 
Aframonius, Anchomomys, Wadi/emur, Gebel Qatrani-1 (L-41) Egypt -37 
Plesiopithecus, Arsinoea, Serapia Our at-Talha Libya -37-35 
Catopithecus, Nementchamys, Nementcha -Bir el Ater A/geria ?38 
Herodotius, Arsinoitherium, Moeritherium In Tafidet Mali ?38 
(") Apterodon, Qatrania, Oligopithecus, +Qasr el-Sagha Egypt -38 
Phiomys, Metaphiomys, Bothriogenys, 
Thyrohyrax, Barytherium, Paleomastodon 

Numidian 
(+) Azibius, Algeripithecus, Tabelia, (None) M'Bodione Dadere Senega/ ?44 
Glibia, G/ibemys, Zegdoumys, Microhyrax Gour Lazib-Glib Zegdou Algeria ?44 
(") Megalohyrax 
(Ie) Numidotherium 

Tebessan 
(+) Kasserinotherium, Garatherium, (None) Chambi (Kasserine) Tunisia ?46 
Koholia, Djebe/emur, Ghambius, EI Kohol Algeria ?50 
Seggeurius 
(") Titanohyrax, Numidotherium 

Tingitanian 
(+) Afrodon, Todralestes, Gimo/estes, (None) N'Tagourt 2 Morocco -54 
Pa/aeoryctes, Tachyoryctes, Khamsaconus, Adrar Mgorn 1 Morocco -57 
Abo/yto/estes, Adapisoriculus, Altiatlasius, Ouled Abdoun Morocco -57 
Phosphatherium 

African Land Mammal Ages (LMAs), The time frame is based on the well-calibrated sequence of local founas in East Africa (Kenya, except where 
noted). Many of the East African "local founas" identified by site names (col. 2) were actually collected from many sub-sites in the same stratigraphic 
unit. Local founas outside of East Africa (col. 4) are mostly not directly dated, and are positioned here according to founal correlation. The age limits 
of each unit are set by the index fauna at the base (marked with +), following the principle af"base defines boundary. "Prior to the Fayum founa, data 
are insufficient to justifj settingflrm boundaries, and names have been given to arbitrary spans of time that contain roughly comparable sites in North 
Africa. The range limits of Key genera, in the left side column, are selected from the known record because of their significance, either because they are 
abundant or because they are informative for diversity, habitat, or biogeography. Primates are shown in bold. In the pre-Fayumian sites, all identified 
genera are considered significant. The relationship of these LMAs to calibrated chronostratigraphy, magnetostratigraphy, and paleoclimatology, and to 
LMAs of other regions, is shown in the "Time Scale" section of the Introduction. Note that the upper and lower age range limits of the noted genera are 
not necessarily coincident with the upper or lower boundaries of the relevant mammal age. 

Key to notation 

(+) 
(") 
(Ie) 

taxon 
taxon 

Characterizing taxon: apparently restricted to this time interval, in Africa AW Awash - eastern Ethiopian Rift basin, Ethiopia 
Baringo - Lake Baringo basin & Tugen Hills, Kenya FAD: earliest known African occurrence of taxon is within this interval BA 

LAD: last known African occurrence of taxon is within this interval ET East Turkana - northeast Lake Turkana basin, Kenya-Ethiopia 
Olduvai - Eyasi basin, northern Tanzania Known range includes East Africa during this interval OL 

Known range only in southern andlor northern Africa during this interval SH Shungura - lower Orno River basin, southern Ethiopia 
Western Rift - Lake Albert basin, western Uganda, NE Zaire 
West Turkana - western Lake Turkana basin, Kenya 

? Questionable date WR 
Approximate date WT 

Mrican Fossil Primates and Faunas 

PALEOGENE 

The early record of African primates begins with later Pale­
ocene (Tingitanian) small-mammal faunas in Morocco that 
contain the indeterminate euprimate Altiatlasius, together 
with palaeoryctids and todralestids very close to Thanetian 
forms in western Europe. The earliest known proboscidean, 
Phosphatherium, is from this level as well. The adapiform sta­
tus of Djebelemur, from the late Early Eocene (Tebessan) 
fauna of Chambi (Morocco), has been controversial, but re­
covery of an undoubted cercamoniine, Aframonius, from the 

Late Eocene (Fayumian) fauna in the lower part of the 
Fayum sequence, and the probable cercamoniines Oman­
odon and Shizarodon from the Early Oligocene (Qatranian) 
fauna of Oman, suggests that adapiforms may indeed have 
been a significant component of primate faunas in the Old 
World tropics. The two parapithecids from the late Middle 
Eocene (Numidian) fauna of Glib Zegdou in Algeria may be 
the oldest certain anthropoids. 

The world's most diverse and well-documented Paleo­
gene anthropoid fauna has been collected in the Jebel Qa­
trani Formation of Egypt. In the lower part of the se-



quence, sites assigned to the Fayumian contain a number 
of parapithecid and oligopithecid taxa. The degree to 
which these are replaced by ptopliopithecids in the Qa­
tranian faunas from the upper part of the section is consis­
tent with the passage of several million years at the ob­
served replacement rate in the Miocene paleofaunas. While 
a Late Eocene (Priabonian) age is widely attributed to the 
Fayum sites, the correlation is broad enough to raise the 
question as to whether the upper Fayum (Qatranian) levels 
should also be dated to the later Priabonian or to the earli­
est Oligocene. The younger age is suggested by a prelimi­
nary magnetostratigraphic analysis; in addition, the 
Omani Thaytiniti and Taqah sites, which are faunally 
close, if not identically similar, to the Jebel Qatrani assem­
blages, are bracketed by Early Oligocene nummulite mi­
crofauna. A possible equivalent in sub-Saharan Africa is the 
Malembe faunule from Angola, with one debatable pri­
mate tooth. 

The Middle-to-Late Oligocene is not well represented 
in Africa, and the first post-Fayum land mammal fauna is at 
Lothidok in East Africa (ca. 26 Ma). This small sample, the 
only one so far of Turkwelian age except for an even smaller 
collection from the Red Sea coast of Saudi Arabia, includes 
the earliest proconsulid, Kamoyapithecus, but none of the 
Fayum primate groups. 

MIOCENE 

Early Miocene Kisingirian localities ptovide the first panconti­
nental picture for Afro-Arabia, with fossil faunas from north­
ern, equatorial, and southern regions. Evidence for a major 
post-Qatranian immigration and naturalization of Eurasian 
mammal lineages is apparent in the diversity of endemic gen­
era of fissiped carnivores, sciurognath rodents, suids, rumi­
nants (including the first known tragulids, bovids, and giraf­
fids) and perissodactyls, none of which have ancestors in the 
Qatranian. A pronounced paleoecological difference between 
the tropical highlands and the pericontinental coastal environ­
ments is also evident in the Kisingirian faunas. Extremelywell­
preserved fossil mammal faunas (Koru, Songhor, Napak, 
Rusinga) from alkali-volcanic "mock arid" basins, in what 
were heavily forested volcanic highlands on the pre-rift Kenya 
Dome, contain abundant and largely arboreal proconsulids, 
archaic catarrhines (here included in the "Dendropithecus­
group"), and strepsirhines, together with phyletically conserv­
ative, forest-adapted early ruminants, small carnivores, cre­
odonts, hyraxes, rhinos, and proboscideans. A markedly 
different association has been sampled in the rift basin of 
northern Kenya, where the first hominid (Aftopithecus) and 
the archaic catarrhine Turkanapithecus occur together with the 
first cercopithecoid (Prohylobates) in association with suids, 
ruminants, and carnivores that are clearly more advanced in 
their adaptations to open country. The nonprimate taxa corre­
late closely to Lower Miocene coastal-plain sites in Namibia, 
northern Africa, Israel, and the Persian Gulf (with Heliopithe­
cus). None of the latter are closely dated, but the sites in North 
Africa, Israel, and Saudi Arabia are all well correlated to Late 
Burdigalian (ca. 17 Ma) marine strata. In Kenya, radiometric 
dates on the main "upland" sites range from 20 to 18 Ma, with 
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others known from ca. 16 Ma, while the "lowland" sites fall 
into the 18-17 Ma span. The radical differences between the 
two groups of Kenya Kisingirian local faunas have been attrib­
uted to evolutionary succession, but it seems preferable under 
the narrow time constraints to consider them as coeval ecofa­
cies at different elevations. This grouping is entirely coincident 
with the paleotopography, so far as it is known, and the fact 
that the "upland" association continues to the end of the 
Kisingirian in the Kenya Dome cannot be ignored. 

Beginning in the early Middle Miocene and continuing 
through the Late Miocene, the Tinderetian, Tugenian, Sug­
utan, and Baringan samples show less regional or environ­
mental difference than in the Kisingirian. This may reflect 
the expansion of open-country habitat in the tropical high­
lands, as evidenced in the general, if not complete, replace­
ment of the conservative forest-adapted genera in the Kisin­
girian with more advanced forms descended from the 
"lowlands" fauna (seen primarily in the rodents, bovids, gi­
raffids, and proboscideans) together with new groups such as 
hyaenas, hippos, and (in the T ugenian) canids and equids. In 
the primate-bearing Tinderetian sites, whether on the dome 
(Maboko, Fort Ternan) or in the central rift (Muruyur, 
Alengerr, Nachola), Kenyapithecus is the sole hominid, to­
gether with the cercopithecoid Victoriapithecus and the last 
proconsulids. In Namibia, Otavipithecus may represent the 
local kenyapithecine. From 13 Ma until the end of the 
Miocene, however, primates are extremely rare. Hominids 
are virtually unknown, other than a partial maxilla of a po­
tential hominine from Baragoi (Samburu Hills) and isolated 
teeth in the Tugen Hills sequence. By contrast, the open­
country cercopithecids (i.e., Macaca but also more arboreal 
colobines) become more common at the end of the Miocene 
(Menacer in Algeria; Wadi Natrun in Egypt; Sahabi in Libya; 
Lothagam in Kenya), which suggests that the sampled envi­
ronments may simply have been unsuitable for contempora­
neous hominids. The latest Miocene (Baringian) interval, 
from ca. 7 to 5 Ma, was marked by an increase in the rate of 
apparent origination, with the earliest (or sole) records of 
at least 48 new genera, including the first true elephantids 
(Primelephas, Mammuthus, and Loxodonta) and, at Lotha­
gam, indeterminate indications of what may be the earliest 
hominin. 

PLIOCENE 

The Pliocene begins with Kerian faunas in East Africa that 
show a continued sharp increase in the rate of diversification 
and the earliest well-documented record of hominines. 
There are no sites of this age in the southern region, and 
most, but not all, of the nine major Kerian sites in North 
Africa yield only small mammals. Even so, the appearance of 
Australopithecus and Ardipithecus in East Africa seems to doc­
ument a hominid breakthrough into seasonally dry, open­
country environments. 

The Early Pliocene peak in generic origination rates con­
trasts with the termination rate, which showed a modest and 
regular increase until the Pleistocene. This is clear evidence 
for ecological fragmentation and niche diversification, at least 
in the open-country faunas that make up the known record. 
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Known ranges of African fossil primate genera (and some higher taxa) and major sites and events in African primate and human evolution. 

The African Pliocene is characterized by the evolution­
ary radiations of two major groups of higher primates, Old 
World monkeys and hominines. The rich Pliocene sites in 
Ethiopia, Kenya, Tanzania, and South Africa document a di­
versity of both colobines and cercopithecines, many of 
which were considerably larger than their extant relatives. 
Parapapio is known from the southern sites of Sterkfontein 
and Makapansgat, as well as from Hadar and the Turkana 
Basin. In eastern and southern Africa, fossil geladas (Thero­
pithecus) were quite abundant, along with large colobines 
(Cercopithecoides, Paracolobus, and Rhinopithecus; the latter 
two are as yet known only from eastern African localities). 
The genus Cercopithecus, which is so successful in Africa to­

day, is known from only a handful of fossils, and Papio also is 
generally not common, except in the latest Pliocene of the 
southern region. 

Early Pliocene (ca. 4.4 Ma) fossils from Aramis in the 
Ethiopian Middle Awash Valley, named Ardipithecus rami­
dus, are the most conservative of any material assigned to 

Hominini. This form combines reduced canines and anteri­
orly positioned foramen magnum with "primitive" reten­
tions such as apelike dP 3 morphology, as well as thin enamel 
on canines and molars, which may be conservative or secon­
darily reduced. It is not yet certain if this taxon represents a 
distant side branch or a twig on the "main line" of human 
evolution. 

Slightly younger fossils from Kanapoi and Allia Bay, 
Kenya, have been assigned to Australopithecus anamensis, the 

oldest species of that basal hominin genus. A mandible, a 
maxilla, and a tibia from Kanapoi date ca. 4.2 Ma, while 
other specimens may range up to 3.9 Ma or younger. They 
differ from A. ramidus in known features especially by having 
thicker dental enamel, while the more elongate and parallel­
sided tooth rows help distinguish them from younger species. 

The largest collections of mid-Pliocene hominins, all at­
tributed to Australopithecus afarensis, have been recovered 
from sites in the Hadar Formation, the sites of Belohdelie and 
Maka in the Middle Awash, Fejej, the Usno Formation (all 
Ethiopia), the Koobi Fora Formation (Kenya), and the Laeto­
Iii Beds (Tanzania). These fossils span the period between 
ca. 3.8 and 2.95 Ma, while slightly younger fossils from 
Member B in the Shungura Formation (Ethiopia) have been 
tentatively assigned here as well. A. afarensis appears to have 
occupied both closed-forest and open-savannah habitats. Its 
postcranial skeleton attests to both bipedal and climbing lo­
comotor repertoires, and it shows considerable sexual dimor­
phism. A partial mandible and an isolated tooth from the 
Koro-Toro area of Chad have been named A. bahrelghazali, 
which is distinguished from A. afarensis by several dental fea­
tures. The Chad faunal assemblage is said to most closely re­
semble those from Hadar, suggesting a date of ca. 3.5-3 Ma. 

The South African sites of Taung, Makapansgat, and 
Sterkfontein, which have been faunally dated to between ca. 
3 and 2.3 Ma, contain fossils of Australopithecus afticanus. 
There is as yet no convincing evidence for A. afticanus in 
eastern Africa. Faunal evidence indicates a closed-brush-



wood environment for A. african us. This species is postcra­
nially similar to A. aforensis, and it also shows evidence of 
strong sexual dimorphism. There are differences between the 
two taxa in vault roundness, forehead shape, mastoid projec­
tion, and developmemnt of the P

3 
metaconid. 

Two "robust australopith," or Paranthropus, species are 
known from the Pliocene of eastern Africa. P aethiopicus is 
represented by a cranium from the Lomekwi Formation 
(Kenya) and a mandible and numerous isolated teeth from 
the Shungura Formation that are dated to ca. 2.7-2.3 Ma. P 
boisei, which is better known in Pleistocene-age sediments 
from eastern Africa, is also represented in Pliocene deposits 
from the Shungura Formation, the Koobi Fora Formation, 

and Bed I of Olduvai Gorge. The earliest fossils attributed to 
P boisei date to ca. 2.3 Ma, and this species appears to have 
occupied both open and closed habitats. 

The earliest evidence for the genus Homo derives from 
Pliocene deposits in eastern Africa. The earliest representa­
tives of this genus are presently attributed to the species H. 
rudolftnsis, known from ca. 2.4 to 1.9 (perhaps to 1.6) Ma in 
the Omo Shungura Formation and perhaps at Hadar 
(Ethiopia), the Koobi Fora Formation and the upper 
Chemeron Formation (Kenya), and the Chiwondo Beds 
(Malawi). It is probably not coincidental that the earliest 
lithic artifacts date to ca. 2.6-2.3 Ma at sites in the Omo and 
Afar (Gona) regions of Ethiopia, at Lokalalei west of Lake 
Turkana, and possibly at Senga-5 in northern Zaire. These 
stone tools, like those from Olduvai Gorge and Koobi Fora 
(Karari), appear to represent the opportunistic flaking of 
small cobbles (Mode 1), and a small proportion of animal 
bones that are associated with these Oldowan artifacts show 
evidence of stone-tool cutmarks. 

The very end of the Pliocene (ca. 1.9-1.8 Ma) saw the 
apparent coexistence of up to two additional species of Homo 
in eastern Mrica. Both H. habilis and H. erectus may have 
their earliest records in the Turkana Basin about this time and 
both extended well into the Pleistocene. Considering the 
range of H. rudolftnsis and P boisei, the overlap of four hom­
inin species for up to 250 Kyr is unexpected, to say the least. 
Perhaps the three species assigned to Homo were adapted to 
different microenvironments around Lake Turkana and sel­
dom, if ever, occupied the same territory at any time. 

PLEISTOCENE 

The fossil record during the Pleistocene shows further evolu­
tionary radiations of Old World monkeys (especially modern 
genera such as Papio, C'ercocebus, Cercopithecus, and Colo bus, 
as well as ever-larger Theropithecus) and hominins. The latter 
were characterized by increasing reliance on technology, re­
sulting in an abundant archaeological record. Although the 
global definition of the Plio-Pleistocene boundary is fixed at 
ca. 1.8 Ma, there is little overall change in Africa at that pre­
cise horizon, even though it marked the end of at least two 
species of Homo and the succession of H. erectus as the domi­
nant, and soon the only, representative of the genus. 

Fossils of Paranthropus boisei are known from Early 
Pleistocene deposits in the Turkana Basin and the Olduvai 
Gorge, as well as from the Humbu Formation at Peninj (Tan-
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zania) and Chemoigut Formation at Chesowanja (Kenya). P. 
boisei is not represented in the fossil record after ca. 1.4 Ma. 
In South Africa, P. robustus is known from the sites of 
Swartkrans and Kromdraai, dated to ca. l.8-l.5 Ma, where it 
appears to have inhabited comparatively open environments. 

Both species of Paranthropus appear to have coexisted 
with one or more species of Homo. A single fragment is as­
signed to H. rudolfensis from a 1.6 Ma horizon at Koobi 
Fora. Homo habilis, however, is relatively common at Oldu­
vai between 1.8 and 1.6 Ma, though it is not definitively rec­
ognized in contemporaneous deposits in the Turkana Basin. 
Specimens of early Homo erectus (sometimes termed H. er­
gaster) are known from the Turkana Basin and the upper Bed 

II at Olduvai Gorge at ca. l.8-1.5 Ma. Contemporaneous 
nonrobust fossils from Swartkrans Members 1-3 and Sterk­
fontein Member 5 are often allocated to H. erectus as well, 
but some recent studies have questioned these identifica­
tions. Most of the artifacts found alongside or coeval with 
these early Homo fossils are still part of Mode 1 assemblages, 
including the so-called Developed Oldowan A. The earliest 
Acheulean (proto)bifaces are known from sites dated to ca. 
l.6-1.4 Ma, such as EF-HR at Olduvai (middle Bed II) and 
Konso (Ethiopia). 

Younger human fossils from Olduvai (Beds III-IV), the 
upper Shungura Formation, Gombore II at Melka Kontoure 
(Ethiopia), and perhaps Yayo (Chad) and Tighenif (Algeria) 
are generally regarded as representing later H. erectus, with 
greater similarity to East Asian members of that taxon. 
African H. erectus fossils thus span a considerable period of 
time, from ca. 1.9 to 0.7 Ma. Many of these fossils derive 
from deposits that contain lithic artifacts of the Acheulean 
tradition, and countless sites from this period throughout 
northern, eastern, and southern Africa preserve Acheulean 
artifacts and extensive fauna but no hominid remains (e.g., 
Olorgesailie). In contrast to the opportunistic flaking that 
appears to have been a feature of the Oldowan tradition, the 
Acheulean assemblages (Mode 2) are generally characterized 
by well-formed handaxes and cleavers, and there is evidence 
that a much wider landscape was being utilized by ca. 1.6 Ma 
than had been the case before. In a number of instances, the 
source rocks are located many kilometers from the 
Acheulean archaeological sites. Controversial studies may 
document controlled fire by 1.4 Ma. 

Middle Pleistocene fossils of early (i.e., "archaic") Homo 
sapiens are known from such sites as Bodo (Ethiopia), Kabwe 
(Zambia), Ndutu (Tanzania), and Saldanha (South Africa). 
Moroccan specimens from Sale, Thomas Quarries, and Sidi 
Abderrahman probably also represent a similar population, 
and some have suggested that Tighenif is an early member as 
well. Most of these fossils probably date between 700 and 
400 Ka. Moreover, it has been argued that somewhat 
younger specimens from Rabat (Morocco), Lake Eyasi (Tan­
zania), the Kapthurin Beds at Baringo (Kenya), and possibly 
the Cave of Hearths (South Africa) are referable to early H. 
sapiens. For the most part, these fossils are associated with 
Acheulean artifacts, with some indications of the use of the 
Levallois or a comparable technique of prepared-core flak­
ing. In sub-Saharan Africa, industries of Acheulean or other 
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Mode 2 type are generally termed Early Stone Age, with local 
variants common in South and East Africa. For example, the 
Sangoan (ca. 300-200 Ka) includes finely made handaxes, 
prepared-core technology, and, in some cases, large blades 
struck from prismatic cores, foreshadowing Mode 4 assem­
blages. Dares for the youngest Acheulean/Mode 2 industries 
appear to span the period 200-150 Ka, as is also the case in 
Europe (although there the Micoquian may extend into the 
last interglacial). 

By the Middle Paleolithic, regional differentiation be­
comes important in African archaeology and human paleon­
tology. South of the Sahara, such specimens as those from 
Florisbad (South Africa) and Ngaloba at Laetoli (Tanzania) 

probably date to ca. 275-125 Ka. They may represent exam­
ples of a transition from "archaic" to the earliest "anatomi­
cally modern" Homo sapiens. Archaeological tool kits of this 
age are mainly of Mode 3 form and are broadly classed as 
Middle Stone Age (MSA). The earliest examples of MSA ap­
pear to date older (at ca. 250 Ka in South Africa, Zambia, 
Ethiopia, and perhaps Kenya) than the youngest Acheulean 
(ca. 250-175 Ka in South Africa, Tanzania, and Kenya), sug­
gesting temporal overlap related to cultural differentiation 
and mosaic evolution of modern morphology. 

Such South African MSA industries as the Pietersburg 
and Orangian typically include discoidal and Levallois-like 
cores, producing convergent flakes with faceted striking plat­
forms, as well as flake blades, points, and side scrapers. Lupem­
ban and Fauresmith assemblages also incorporate large bifacial 
tools, such as handaxes and picks, in some cases perhaps related 
to a woodworking, forest-dwelling adaptation. One of the 
most intriguing MSA variants is the South African Howieson's 
Poort, dated mainly between 80 and 65 Ka, which includes 
small blades struck from prismatic cores, similar to younger 
Mode 5 assemblages. In Zaire, a broadly contemporary indus­
try at Katanda included barbed bone points (harpoons?), sim­
ilar to those of the European Magdalenian at 15-10 Ka. Mi­
crolithic Mode 4-5 industries in Zaire and Tanzania also 
presage later European Upper Paleolithic developments. MSA 
industries continue until ca. 30 Ka, but they document a 
broader economic base (hunting of large game, fishing and 
shellfish collection, plant foods prepared with grindstones) 
than is common in the Eurasian Middle Paleolithic. 

The earliest known representatives of "anatomically 
modern" Homo sapiens have been recovered from the Omo 
Kibish Formation (Ethiopia) and Klasies River Mouth Cave 
(South Africa). No tools were associated with the fossils in the 
former region, although a questionable date of 120 Ka was 
reported from levels older than the human remains. At 
Klasies (and the nearby Nelson Bay Cave, as well as Die 
Kelders [South Africa] and other sites), fragmentary human 
fossils are associated with MSA artifacts and dated to the 
Eemian (ca. 125-90 Ka) by geological inference. The Border 
Cave site in southern Africa has yielded a partial cranium and 
other remains of apparently African (rather than Eurasian or 
indeterminate) morphology, but the suggested age of 90 Ka 
has been questioned. Taken together, however, the southern 
African evidence is a strong indicator of the presence of 
anatomically modern humans by 100 Ka. It is tempting to 

suggest a relationship with the Howieson's Poort industry and 
similar "precursors" of Mode 4 technology, but associations 
are unclear. As with the emergence of the genus Homo, south­
ern Africa probably saw the origin of modern humans and 
some contemporaneous technological and economic ad­
vancements. In North Africa, Middle Paleolithic (Mode 3) 
Levallois-Mousterian and Aterian industries are known be­
fore, during, and after the Eemian interglacial. It does not ap­
pear that Neanderthals of European or Southwest Asian type 
ever occurred south of the Mediterranean, but human fossils 
older than 100 Ka are rare. Archaic varieties of "anatomically 
modern" Homo sapiens occur in northern Africa during the 
Weichselian, at such sites as Jebel Irhoud, Temara, and 
Mugharet el 'Aliya (Morocco), Haua Fteah (Libya), Singa 
(Sudan), and Dire-Dawa (Ethiopia). They are morphologi­
cally less comparable with the Neanderthals than with Levan­
tine "archaic moderns" from Skhlil and Jebel Qafzeh. 

No true Mode 4 (Late Paleolithic) industries are known 
well in west, central, or southern Africa, but they do appear 
after the Aterian in North Africa. At Haua Fteah, the Dabban 
is comparable with European blade-based industries of 
40-20 Ka, and similar assemblages are known in Kenya, 
Ethiopia, and Somalia. The Ibero-Maurusian (or Oranian) 
occurs in western North Africa ca. 20-10 Ka, and the eastern 
Oranian of Libya is of similar age. Younger levels yield such 
industries as the Capsian in Tunisia. To the south, Later Stone 
Age (LSA) industries are characterized by microlithic tech­
nology and greater emphasis on fishing and hunting of large 
plains ungulates. The LSA begins before 40 Ka and continues 
into the Holocene, in some areas into the historic present. 
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Africa, East 
A tropical region of distinctive topography and climate, ex­
tending from the Western Rift highlands (ca. 28-32° E lon­
gitude) to the Indian Ocean, between the north and south 
15th parallels. This land is occupied by the nations of 
Ethiopia, Djibouti, Somalia, Uganda, Kenya, Tanzania, 
Rwanda, Burundi, and Malawi, together with northern 
Mozambique and the thin slice of easternmost Zaire that lies 
within the Western Rift. The dominant element in the geog­
raphy of the African Plateau in this region is the East African 
Rift system, a chain of updomed highlands transected by 
enormous, volcanically active pull-apart grabens. The envi­
ronment of the region is regulated by prevailing dry wester­
lies, punctuated by highly seasonal monosoonal rains. Eco­
tones are mostly open woodlands, gallery forests, and 
grassland, with thorn brush and xeric shrubland in the rain­
shadowed rift-valley basins. Higher precipitation on the iso­
lated heights of rift highlands and volcanic massifs, on the 
other hand, support bamboo and deciduous rain forest, suc­
ceeded at the highest elevations by evergreen cloud forests 
and altiplano (equatorial-alpine) zones. A strip of deciduous 
forest also marks the narrow coastal plain. 

The rift valleys of East Africa are characterized by heavily 
mineralized alkaline groundwater, subsiding closed basins, 
and active vulcanism and fault movement. These combine in 
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conditions that are close to ideal for the accumulation, preser­
vation, and later exposure of archaeological and paleontologi­
cal remains. Mid-Miocene and younger paleoanthropological 
sites are therefore densely concentrated along the north-to­
south strip that corresponds to the Eastern or Gregory Rift sys­
tem from Afar to central Tanzania; other sites occur more 
sparsely in the Western Rift. 

It must be noted, however, that climate and geological 
conditions were different in the Early Miocene, when the 
Kenya Dome was still rising and rifts had not developed. The 
earliest Miocene faunas are forest-adapted associations that 
were preserved in great volcanic massifs which built up on the 
flanks of the dome, including Tinderet, Kisingiri, Elgon, and 
Napak. After the dome ruptured, vulcanism and sedimenta­
tion shifted into the newly opened grabens, which lay in the 
rain shadow of the rift escarpments and were, in sharp contrast 
to the Early Miocene mountainsides, more arid than any other 
part of the landscape. The geological evolution of East Africa, 
in other words, distorted the paleoclimatic history: prior to 17 
Ma, the fossil record is dominated by forest-adapted faunas 
from volcanic highlands, while after 14 Ma virtually all of the 
sample is from the rift basins, the driest part of the region. In 
the 17 -to-14-Ma interval, both "highland" and "lowland" 
ecofaunas can be distinguished. 

History of Paleo anthropological Discovery in 
East Mrica 
Fossil mammals and stone tools were known in East Africa 
for many years before significant primate remains were re­
covered. Probably the earliest collections were Plio-Pleis­
tocene mammal fossils sent to Paris in 1902 from Count 
Teleki's exploration of the Lake Rudolf (Turkana) Basin, al­
though these lay unknown until the French paleontologist 
Camille Arambourg came upon the unopened crates many 
years later. Arambourg's 1934 follow-up expedition also dis­
covered Miocene fossils at Muruarot and Cretaceous di­
nosaurs at Lokitaung. The earliest known report of fossil 
mammals was in 1910, when G.R. Chesnaye, who was 
prospecting the Miocene formations around Lake Victoria 
for placer gold, sent word to the local authorities of fossil 
mammals he had found, first at Koru and shortly thereafter 
at Karungu. The famously unfortunate Mr. Piggott (who 
was eaten by crocodiles on his return trip) was sent out to 
collect at Karungu the following year by the district commis­
sioner, C.W Hobley. Piggot's collection survived to become 
the first fossil mammal fauna to be scientifically described 
from sub-Saharan Africa, prompting a full geological study 
by E Oswald in 1911-1912, On his way out, Oswald found 
Plio-Pleistocene fossils, including the type of Theropithecus 
oswaldi, the first fossil primate from East Africa, at Kanjera 
(properly Kanjira) near the scene of Piggott's disaster. Dur­
ing the years 1912-1914, Hobley caused fossiliferous lime­
stones on Rusinga Island to be mined for cement without 
noticing abundant bones of the deinothere, which had pre­
viously been named after him from nearby Karungu. It fell 
to Dr. H.L. Gordon, investigating his property at Koru in 
1926, to discover the first hominoid remains from East 
Africa. These were assigned to the new genus and species 
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East African tuff hOrizons Western West East shungura, Awash, Gulf of 
(*K-Ar dates, Ma) Rift Turkana Turkana Orno Hadar Aden 

Kale 
�.�g�:�~�~� 

------ �-�-�=�~� 1'--
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Natoo 1.36 ==( )== =L-3= 
Chari *1.39 ====== ==( )== =L= ====== 
L.Koobi Fora 1.63 =Kagusa= ====== ==( )== 
Okote *1.64 ==( �~�=�=� =J-7= 
Morutot *1.65 ====== ==( -- =J-4= 
Orange Tuff ?1.7 ==( )-- ====== --

Malbe 1.86 ====== ==( �~�=�=� =H-4= 
KBS 1.87 =Hohwa= ====== ==( -- =H-2= 
Kangaki 2.00 ==( )== 
Tuff G *2.33 ==( )== =?BKT-3= 
Ekalalei 2.35 ==( )---- =F-1= 
Kalochoro *2.35 ==( )== =F= 
Nalukuwoi 2.45 �=�=�~� �~�=�=� =E-4= 
Koikiselei 2.48 -- -- =E= 
Lokalalei *2.52 ==( )== ====== =D= 
Burgi 2.58 ==( )== 
Ernekwi 2.60 ==( )== =C-9= 
Ingurnwai *2.75 ====== ==( )== =C-4= 
Hasurna 2.82 ==( )== =C= 
Bouroukie BKT-2 *2.93 ==( )== 
Tuff B-10 *3.03 ==( )== 
Ninikaa *3.10 ==( )== =?BKT-1= 
Kada Hadar KHT *3.18 ==( )== 
Triple Tuff-4 *3.22 ==( )== 
Waru 3.24 ==( )== ====== 
Allia 3.25 ==( )== 
Toroto *3.32 ==( )== 
Tulu Bor-b 3.35 ====== ==( )-- =B;U10= ==SHT== ====== --

Kaado 3.36 ====== ==( �~�=�=� 
Lokochot *3.40 Kyampanga ====== ==( == =A= ====== 
Loruth 3.42 ====== ==( )== 
Lornugol 3.60 =Warwire= ==( )-- =Sagantole= ====== --

Topernawi 3.60 ==( )== ====== 
Cindery Tuff 3.85 ==( )== 
Moiti 3.89 ====== ==( )== =U-1= =VT-1= ====== 
GaalaVTCf 4.40 ==( )== 

Tephrostratigraphic jTamework for Western Rift, Turkana, and Aftr basins, The pre;erred nomenclature and datingfor each tuffsheet are given at the 
left, with the type area indicated by parentheses, Commonly used alternative names in other basins are also shown (note thatSidi Hakoma Tuffor 
SHT in Hadar is called Maka Tuff in the Middle Awash Valley), Asterisks indicate radiometrically determined ages; other ages are interpolatedfrom 
the dated horizons and fom paleomagnetic reversals, according to estimated depositional rates, The identity of the tuffsheets in diffirent basins has 
been determined by chemical-petrological fingerprinting, Sources: Western Rift-M. Pickford, et a/., 1991, C. r. seances Acad. Sci. Paris, II, 313; 
West Turkana-j. M, Harris et a/., 1988, Los Angeles County Museum, Contributions in Science, no, 399; East Turkana {Koobi Fora}-C 
Feibel et al., 1989, Am. J. Phys. Anthropol., 78; Omo Shungura, Usno, etc.-B, Haileab and F H. Brown, 1992, J. Hum. Eval., 22; Afar Basin 
(Middle Awash, Hadar-R. C 'XIalter, 1994, Geology, 22. Gulf of Aden (from deep-sea cores}-A. M. Sarna-Wojcicki et al" 1985, Nature, 313. 

Proconsul african us by British paleontologist A.T. Hopwood 
after he and Louis Leakey found numerous additional speci­
mens at Koru and on Rusinga Island in 1931-1932. Leakey 
also revisited Kanjera and nearby Kanam at the end of the 
1932 season and chanced to find modern burials in the fossil 
beds that he long held to be evidence for the antiquity of 
Homo. The skull cap from the Middle Pleistocene Kanjera 
deposits understandably caused much less of a stir than the 
mandible published as Homo kanamensis from the Lower 
Pliocene levels at Kanam. 

The earliest report of stone tools associated with fossils 
may have been that of a lepidopterist named Kattwinkel, 
who described artifacts from Olduvai Gorge in 1911 (the 
story that he found the gorge by falling into it while chasing 
butterflies may be apocryphal). The collection made by Ger­
man paleontologist H. Reck in 1913 (which included an­
other rather sensationally misinterpreted human burial) led 
Louis Leakey and Swedish archaeologist L. Kohl-Larsen to 
mount separate expeditions to the region in 1931. Both 

workers, as it happened, collected teeth of Australopithecus 
afarensis at Laetoli, which, although misdiagnosed at the 
time, were the first early hominin specimens to be found in 
East Mrica. Kohl-Larsen also opened the Mumba Cave site 
(Tanzania), expanding on Leakey's discovery of a Paleolithic 
occupation at Gamble's Cave a few years before. In his 1919 
monograph on the Rift Valley of Kenya, American geologist 
J.W. Gregory described abundant handaxes at 01 Gaselik, 
now known as Olorgesailie, a site that was not relocated un­
til Louis and Mary Leakey found it again in 1942. 

The 1930s through 1950s saw a focus on Asian and South 
Mrican discoveries of Homo erectus and Australopithecus, re­
spectively. However, the Leakeys persisted in eastern Africa, 
working at Olduvai, Olorgesailie, Kariandusi, Hyrax Hill, and 
other Pleistocene sites, as well as developing the Miocene pri­
mate record at Koru, Songhor, Maboko, and, above all, 
Rusinga. Their work was joined at various times by colleagues 
including Dorothea Bate, J. Desmond Clark, WE. leGros 
Clark, F. Clark Howell, Sonia Cole, and the geologists P.E. 



Kent and R.M. Shackleton. During this period, the 1947 Wen­
dell Phillips expedition, guided by H.B.S. Cooke, enlarged on 
Arambourg's pioneering work in the Turkana Basin with the 
discovery of remains from Lothidok now classified as Kamoy­
apithecus, which are dated to the late Oligocene and are thus the 
oldest known hominoid. In the late 1950s, WW "Bill" Bishop 
began work in Uganda on the Kanam-aged Kaiso beds of Lake 
Albert and the Early Miocene of Napak. In August 1959, how­
ever, the discovery of the robust australopith Zinjanthropus 
(now Paranthropus) boisei at Olduvai marked the beginning of 
the modern era of well-funded interdisciplinary research, 
which has raised East Africa to the preeminent place in human 
evolutionary studies that it now holds. 

The number of known paleontological and archaeologi­
cal sites in eastern Africa began to expand dramatically in the 
1960s. Many of these discoveries came when researchers ini­
tially involved with the Leakeys began to look farther afield. 
During this decade, a generation of doctoral candidates in ge­
ology and paleontology were introduced to East Africa under 
the supervision of Leakey (Cambridge), Bishop and L.c. 
King (Bedford College, London), R.J.C. Savage (Bristol), 
Howell, J.D. Clark, C.L. Isaac, and C.H. Curtis (Chicago 
and Berkeley), and Bryan Patterson (Harvard). French stu­
dents were also active under the guidance of Yves Coppens. 
The primary areas of new discoveries were the northern 
Turkana Basin (Omo Valley and Koobi Fora), where teams 
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under Coppens, Howell, Isaac, and R.E. Leakey developed a 
tremendously significant Plio-Pleistocene section; the com­
parably productive Afar region of Ethiopia, explored by 
groupsled by J. Kalb, D.C.Johanson, andJ.D. Clark; and the 
Miocene-Pliocene sequences exposed in the Central Kenya 
Rift west of Lakes Baringo and Hannington, which was stud­
ied intensively, first by students directed by Bishop and King 
and later by a successor group under D.R. Pilbeam. B. Patter­
son's expedition into the desolate region between the Tugen 
Hills and Lake Turkana located Kanapoi, Lothagam, Ekora, 
and Loperot. Archaeological work also went forward under 
Isaac's direction at Peninj, Olorgesailie, Eyasi, and Nakuru. 

Since 1980, research has been productive in all parts of 
East Africa. Aside from important new discoveries from pre­
viously known areas such as Rusinga, Maboko, Chemeron, 
Kanapoi, and the Afar, material also came from new or ne­
glected areas. West Turkana Plio-Pleistocene sites were devel­
oped by A. Walker and R.E. Leakey, and new Miocene sites 
at the southern end of the lake (Buluk, Kajong, Locheran­
gan, Kalodirr) and in the Samburu Escarpment (Nachola) 
were also reported, the last by a Japanese team led by 
H. Ishida. Several locations with hominin remains and 
Acheulean tools were described by French workers in Dji­
bouti, while exploration in Ethiopia uncovered promising 
sites outside the Afar at Cona, Kesem-Kebena, Burji, Fejej, 
and Konso. In the Western Rift, knowledge of Miocene, 
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Pliocene, and Pleistocene beds of the Lake Albert Basin and 
the Kazinga Channel was greatly expanded by American and 
French teams, respectively, and tephrostratigraphic analysis 
linked many of the index ruffs across huge distances from 
Uganda through the Turkana and Awash basins to the Red 
Sea. Another round of work on the Chiwondo beds brought 
the first hominin fossils to light in Malawi; new Mio­
Pliocene fossil beds were reported from Manonga Valley in 
central Tanzania; and an Italian team recovered a fauna with 
a partial Homo cf. erectus skull at Buia in Eritrea (marginally 
within North Africa here), dated to ca. 1 Ma. 

East Africa is central to several key themes in paleoanthro­
pology, among which are the early history of hominoid diver­
sity and adaptation, the origin of the human lineage, and the 
evolution of culture and human intelligence. These themes are 
chronologically sequential and depend on data coming mainly 
from the Miocene, Pliocene, and Pleistocene, respectively. 

The Fossil Record 
EVOLUTION OF HOMINOIDEA 

Afro-Arabia in the Miocene is accepted by most workers 
as the center of diversity for the Catarrhini, including the 

endemic archaic catarrhines, victoriapithecines, and pro­
consulids; Afro-Eurasian taxa (colobines, cercopithecines, 
kenyapithecines, and hominines); and possible ancestors for 
extra-African lineages such as pliopithecids, dryopithecines, 
oreopithecines, hylobatids, and pongines. Documentation, 
however, is confined to the Miocene of East Africa with the ex­
ceptions of scanty remains from Namibia and the east coast of 
Arabia. Because of the Early Miocene bias toward tropical 
highland samples, the earliest part of the known record, from 
23 to 17 Ma, is dominated by a wide diversity of small-to­
medium-sized, presumably arboreal, archaic catarrhines 
(Dendropithecus, Micropithecus, Kalepithecus and Limnopithe­
cus, loosely lumped as the" Dendropithecus-group") and pro­
consulids, such as Kamoyapithecus, Proconsul, and Rangwa­
pithecus, in assemblages known from Lothidok, Koru, Songhor, 
Napak, Rusinga, Mfwangano, and ancillary sites. Monkeys 
and lorisoids are rare at these localities. The fact that ca­
tarrhines were also evolving in other ecosystems "out of sight" 
is signaled by a group of sites in the rift valley of northern 
Kenya dating to 17.5 Ma or slightly younger, including Buluk, 
Kajong, Locherangan, Loperot, Mumarot, and Kalodirr,· 
which preserve a mammal fauna clearly more adapted to open 
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The major depositional basins and geographic regions (and countries) within East Africa, each of which is the subject of a separate entry. 



conditions. In these sites, the earli est hominid, Aftopithecus, as 
well as the probably "Dendropithecus-like" Turkanapithecus 
and Simiolus and the victoriapithecine monkey? Prohylobates, 
are found with open-country bovids, giraffids, and suids, 
whil e proconsul ids are rare. Mammal faunas of similar aspect 
and age have been found in coastal-plain sites in Namibia 
(Sperrgebiet, Auchas), Tunisia (Jebel Mrhila) , Libya (Jebel 
Zelten), Egypt (Moghara), Israel (Rorem), and Arabia 
(Hadrukh), the latter with the kenyapithecine He!iopithecus, 
indicating that seasonally drier environments were widespread 
at lower elevations by this time. The Ugandan ?highland site 
of Mororo, wi th Aftopithecus-like (kenyapithecine) fossils, 
may be of simil ar age or sli ghtly younger. 

Between 15 and 13 Ma, sampled environments were all 
open woodland, if not drier. Fossil mammal assemblages 
from Maboko Island and Fort Ternan in western Kenya were 
very like those of main-rift sites in central and northern 
Kenya such as Muruyur, Alengerr, Lothidok-Esha, and Na-
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chola. In all of these sites, the kenyapirhecine Kenyapithecus is 
the dominant hominoid, while early cercopithecids and the 
last proconsulids are much more rare (although Victoriapithe­
cus is known from hundreds of specimens at the main 
Maboko horizons, by far the most common primate any­
where in the African Miocene). Unfortunately, the later 
Miocene history of hominoids in Africa is nearly unknown. 
Numerous fossil mammal faunas have been sampled from the 
time interval between 13 Ma and ca. 6 Ma, in both East and 
North Afr ica, wi thout recovering any significant hominine 
remains (although monkeys are reasonably represented). Sin­
gle teeth from the lower Ngorora Formation (ca. 12 Ma) and 
the Lukeino Formation (ca. 6 Ma) and a partial maxilla from 
the Samburu Hills (ca. 9 Mal are still incompletely analyzed 
and hard to place phylogenetically, but they may represent 
rare traces of the Homininae or even the Hominini during 
the Late Miocene. The fact that all of these later Miocene 
mammal faunas appear to represent intensely seasonal and 
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Main localities in East Africa yictdingfossi! lIon-hominin primates, Symbols indicate age and 
induded primates, whik !/Ilmbers repmmt site names (in approximate c;'ronoUigiad m-der), as 
follows: J, Lothidok Hill; 2, M(swa Bridge; 3, Mteitei Valley; 4. Moroto; 5, Km'u; 6; Songhor; 7, 
Napllk; 8, Angulo; 9, Kllrtlngu; 10, Bukwa; I I, Ru.si1lga, MjWaflga1lo; 12, MOTllaTot; 13, 
Ka!odirr; 14, Bu/uk; 15, Locherallgtltl; 16, Eshll Hill; 17. Loperot; 18, Nachola; 19. 
KipSllramOIl; 20. Maboko; 21. Ombo. Bur-Siala. Mlljiwa. Kaloma; 22. N)'Ilkacb; 23.l'ort 
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30, Lukeino; 31. La/bag-am; 32, Kusemlu; 33, Ammis, Mllkll , Mlllabiliem, AlIdalte; 34, �F�~�i�1�;� 

35, Ka1lllpoi; 36, Belobdelie; 37. Ekora; 38, Lacto!i; 39, Omo Usno; 40. Hadar. COila; 41. 
Kana", t'ast; 42. ChmlerolljM 90/91; 43. 01110 SbUllgura; 44. Koobi Fora; 45. Naeh"kui 
(West 7j,rkalla); 46. Chiwo"do Beds; 47. Kalso Village; 48, Senga-5; 49. Pmillj; 50. OIJuvai 
Corge; 51, Kalljera; 52, Marrabit; 53, Clmowanja; 54, Kol'/so; 55, Nyc,;; 56. OUirgesailie; 57. 
Bodo, Dawaitoli. Hargufia; 58, Lainyamok; 59, Kapthuri n; 60, Omo Kibish. 
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open, not to say grasslands, environments suggests that most 
of the story of hominine evolution in Mro-Arabia duting the 
Middle to Late Miocene may have been hidden in the trees. 

EVOLUTION OF HOMININS AKD CONTEMPORARY 

CERCOPITHECIDS 

As well as the oldest known hominids, East Africa has 
yielded the oldest remains of the human lineage recognized 
to date. A partial mandible from the lower part of the Apak 
Member of the Nachukui Formation at Lothagam (previ­
ously 1 C, now dated just younger than 5 Ma), although still 
the subject of taxonomic debate, is the best candidate for the 
earliest known hominin. 

The earliest identified hominin is Ardipithecus ramidus, 
known by fragmentary dental, cranial, and postcranial re­
mains from the Aramis region in the Middle Awash of 
Ethiopia dated ca. 4.4 Ma. Australopithecus anamensis from 
Kanapoi and the lowest levels of the Koobi Fora sequence 
(and perhaps Tabarin, in the Tugen Hills) is slightly younger, 
at ca. 4.2-3.9 Ma. All East African hominins dating to the 
interval between 3.8 and 2.8 Ma are currently assigned to a 
single species, Australopithecus afarensis, and derive primarily 
from two regions: Laetoli, near Olduvai Gorge, and Hadar 
in the Awash drainage. The period 2.8-2 Ma is poor in fossil 
remains of hominins in East Africa, although extensive fossil 
beds of this age are found throughout the Turkana Basin, in 
the Gona region adjacent to Hadar in Ethiopia, and in the 
Chemeron Formation at Baringo. The hominins recovered 
to date suggest that the earliest members of the genus Homo, 

as well as the robust australopiths (Paranthropus), may have 
emerged during this interval, represented in material classi­
fied as cf. Homo rudolftnsis from Chemeron, the Makaami­
talu region at Hadar, and the Chiwondo beds of Malawi and 
rare specimens of P. aethiopicus from West Turkana and the 
lower levels of the Shungura sequence. 

At the same time as this flowering of the human lin­
eage, there was an even greater radiation of cercopithecid 
monkeys in eastern Africa. The dominant cercopithecine 
was Theropithecus, which appears to have split early into two 
lineages that can be recognized as subgenera. T (Theropithe­

cus) first appears in uppermost Lothagam sediments, in the 
Middle Awash sequence, and at Hadar, between 4 and 3 Ma, 
where it is represented by T (T) oswaldi darti. This is suc­
ceeded in the lower Shungura Formation and elsewhere by 
the subspecies T (T) o. oswaldi, which remained rare during 
the Pliocene but flourished in the Pleistocene. T ( Omopithe­

cus) was initially common, as was T (0.) brumpti, in the 
Turkana Basin later Pliocene and may have been preceded by 
? T (0.) baringensis in the Tugen Hills and Koobi Fora re­
gions ca. 3 Ma, but this clade appears to have become extinct 
before the end of the Pliocene. Other cercopithecines were 
rare, with only Papio (Dinopithecus) quadratirostris even 
moderately well represented, in the Shungura between 3.2 
and 2 Ma. The colobines were represented by a still greater 
diversity of taxa over the Late Pliocene, especially around the 
Turkana Basin. Rhinocolobus, a large form (comparable to 
the largest modern baboons) known also at Hadar, seems to 
have been surprisingly arboreal for its size. Several species of 

Paracolobus overlapped the range of modern Papio at Laetoli, 
Chemeron, and Turkana sites, apparently with mixed arbo­
real and terrestrial adaptations. The slightly smaller Cerco­
pithecoides was represented at Koobi Fora and later Olduvai 
by two extremely terrestrial species. Rare specimens indicate 
the presence at many sites of one or more species comparable 
in size to living Colo bus, while the enigmatic form known as 
Colobine species A was intermediate in size and terrestrial 
adaptations. Several of these taxa persisted into the earliest 
Pleistocene before becoming extinct. Unfortunately, there is 
as yet no evidence of the evolutionary history of the African 
apes. 

Evolution of Human Culture and Modern Morphology 
East Mrica yields evidence that relates progressive changes in 
human toolmaking to human morphological evolution 
throughout the known time range of the genus Homo. Of 
particular interest are the 1990s discoveries of artifacts predat­
ing 2 Ma at several localities, the oldest being the Gona sites at 
ca. 2.6-2.5 Ma and the Lokalelei sites at West Turkana dating 
to 2.35 Ma. These artifacts, which overlap the known time 
range of H rudolftnsis, consist of simple flakes and pebble 
cores with a few removals, often made on lava cobbles. Some 
researchers argue that these constitute an Omo or "pre­
Oldowan" stage of Mode 1 tool manufacture and reflect only 
minimal conceptual abilities consistent with a brain size not 
far removed from that of a chimpanzee, combined with a spe­
cialized manual dexterity. Others see these tools as reflecting 
the full range of cognitive capabilities seen in later Oldowan 
materials. In any case, the sites contain tools and cutmarked 
bones that are the earliest known signs of a new adaptation for 
both food procurement and land-use strategies by hominins 
in Africa. While human agency has been claimed for eoliths 

(to use a term denoting rocks with shapes or arrangements 
suggesting artificial modification) from equally ancient sites 
in many regions of the world, including France and Siberia, 
those in East Africa are distinguished by their systematic man­
ufacture, their abundance relative to unmodified rocks, their 
fresh condition, and their location in fine-grained (low-en­
ergy) deposits well dated by potassium-argon and associated 
mammalian fossils. Indeed, there is little question as to their 
authenticity as human artifacts, and while the oldest artifacts 
in southern Mrica are estimated to be slightly younger, from 
the base of Member 5 at Sterkfontein (close to 2 Ma), no inar­
guable evidence of human cultural activity occurs outside of 
Mrica before 1.4 Ma. 

The Oldowan (originally, Chellean) industries of East 
Mrica, typified by simple flakes and chipped cobbles without 
other tools, are actually quite widespread, not only at Olduvai 
Gorge but also in the Turkana Basin, from levels with dates 
and faunas indicating ages between 2 and ca. 1.8 Ma, which is 
also the approximate time range of Homo habilis (but over­
laps with both H rudolftnsis and H erectus). Following this, a 
transition is seen in stratified sequences at Olduvai, Koobi 
Fora, Shungura, and Melka �K�o�n�t�o�u�f�(�~�,� through a "mixed" in­
terval to the typical Acheulean industry with bifaces, espe­
cially handaxes. Tools of this type, which have been found by 
the thousands at Olduvai upper Bed II through Bed IV, 
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numbers represent site names (in approximate chronological order), as follows: 1, Lothagam; 2, Aramis; 3, Fejej; 4, Kanapoi; 5, Belohdelie, Maka; 6, 
Allia Bay; 7, Laetol;; 8, Hadar, Gona, Makaamitalu; 9, Omo Shungura older than 2. , Ma; '0, Koobi Fora older than 2. , Ma; , " Nachukui {West 
Turkana} older than 2.1 Ma; 12, Uraha (Chiwondo); 13, ChemeronJM 85; 14, Senga-5; 15, Omo Shungura between 2.1-1.3 Ma; 16, Nachukui 
(West Turkana) between 2.1-1.6 Ma; 17, Koobi Fora between 2.1-1.3 Ma; 18, Peninj; 19, Olduvai Gorge Beds 1-11 (lower); 2(), Olduvai Gorge 
Beds JJ(upper} -Masek; 21, Kanjera (main); 22, Chesowanja; 23, Nachukui {West Turkana} between 1.6-1.3 Ma; 24, Middle Awafh horizons 
between 2- . 07 Ma; 25, Konso; 26, Nyabusosi; 27, Melka Kontoure (earlier horizons); 28, Gadeb; 29, Buia; 30, Kariandwi; 31, Kilombe; 32, 
Hargeisa; 33, Gademotta; 34, Olorgesailie; 35, Bodo, Hargufia, Meadura, Andalee; 36, Lake Ndutu; 37, Lainyamok; 38, Irimila; 39, Muguruk; 40, 
Kapthurin; 41, Eliye Springs; 42, Sango Bay; 43, Kalambo Falls (earlier horizons); 44, Ngaloba (Laetoli); 45, Omo Kibish; 46, Eyasi; 47. Din!­
Dawa (Pore-Epic); 48, Melka Kontoure (later horizons); 49, Mumba; 50, Kalemba; 5'. Singa; 52, Katanda; 53, Gobedra Rock Shelter; 54, 
GoGoshis Qabe; 55, Apis Rock; 56, Magosi; 57, Matupi; 58, Kalambo Falls (later horizons); 59, Olduvai Gorge Ndutu-Naisiusiu Beds; 60, Gambles 
Cave; 61, Ishango; 62, Lukenya Hill,· 63, Nderit Drift; 64, Laga Oda; 65, Koobi Fora (later horizons); 66, Hyrax Hill; 67, Kanam, Kanjera (Leakey 
?surface collections). Circle indicates 14, 52 and 61 essentially at same point, nearest to 52. Note that several other sets o/points (2, 5, 24, 35; 9. 15; 
10. 17, 65; 11, 16, 23; 19, 20, 59; 27,48; 43, 58) are also effictively or actually coincident. 

Olorgesailie, Kariandusi, Melka Kontourc, and at Bouri and 
Bodo in the Awash Valley, are comparable to those that have 
long been known from the Thames and Somme valleys in Eu­
rope. In East Africa, however, they can be dated in faunal and 
geological contexts to range in age from levels more than 
twice as old as those in Europe (i.e., 1 .6 Ma or older) up to ca. 
0.5 Ma, the general age of the European examples. This is ap-

proximately the same age range as the remains of erectus­
grade humans in Africa, some of which may be classified as 
Homo ergaster; the youngest Acheulean assemblages may be 
associated with "archaic Homo sapiens' ( = H. heidelbergensis), 
as at Bodo or Lake Ndutu. Acheulean sites are often (but not 
exclusively) located in stream channels, in contrast to the 
more usual location of Oldowan sites on or near lakeshores. 
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They also exhibit more careful work to prepare symmetrical 
bifacial tools, greater transport of raw materials (up to 11 km 
at Olduvai), repeated use of hammerstones resulting in 
spheroids, and more complex butchery of large animals, pos­
sibly implying earlier access to carcasses and thus a more suc­
cessful defense mechanism against large predators. Contem­
poraneous with the biface industry, other sites with choppers 
and cleavers but without bifaces have been called "Developed 
Oldowan." In East Africa, as in southern Africa, evidence for 
controlled fire may first appear ca. 1.4-1.3 Ma at Chesowanja 
and FxJj 50 in Kenya. A wide variety of relatively modern cer­
copithecid and lorisid primates are found in Pleistocene sites, 
especially the large Theropithecus oswaldi leakeyi, which may 
have reached nearly 100 kg in mass and were probably hunted 
by Acheulean peoples, as at Olorgesailie. 

In the Kapthurin Formation at Baringo, a late Acheulean 
industry contains large prismatic blades manufactured on 
blade cores similar to those from the Pre-Aurignacian of 
North Africa and the Levant. At the end of the Acheulean, ca. 
300-200 Ka, a transitional, or Sangoan, period based on arti­
facts from Sango Bay in Uganda is evidenced in East Africa. It 
is characterized by sophisticated smaller handaxes and the in­
troduction of prepared-core techniques, with picks and core 
axes. The Sangoan time interval is marked by indications of 
aridity in East Africa and the elimination from the fossil fauna 
of the few remaining mammalian taxa, including Elephas, 
which are not presently extant in Africa. 

The Sangoan is succeeded by a variant of the MSA (Mid­
dle Stone Age), once termed "Kenya Srillbay," which occupies 
most of the rest of the Middle Pleistocene. By 200 Ka, at sites 
in Ethiopia such as Gademotta and Kukuleti, artifacts of true 
MSA technology with blades and highly standardized bifacial 
and unifacial points trimmed for hafting, together with Leval­
lois and discoidal-core technologies, entirely replaced the Early 
Paleolithic tool forms. After ca. 80 Ka, toward the end of the 
MSA, these industries also include backed crescents and mi­
croliths. At the Katanda MSA sites in Zaire, even older barbed 
bone points were associated with fish remains that suggest sea­
sonal hunting of large catfish, and in South Africa at Blonbos 
Cave, MSA levels also yielded both bone points and fish re­
mains. After 40 Ka, East Africa produced a microlithic (mode 
5) industry at sites like Matupi Cave in eastern Zaire, Mumba 
Cave in Tanzania, Twilight Cave in Kenya, and Ishango (Zaire) 
in contrast to the contemporaneous mode 4 industries of early 
Upper Paleolithic of Europe and the final MSA (mode 3) of 
South Africa. Both Mumba and Twilight caves have also 
yielded ostrich-eggshell beads dated to before 40 Ka. 

The relationship of Middle and Late Pleistocene lithic in­
dustries to the human fossil record in East Africa is unclear. 
Specimens referred to the transitional grade of "archaic Homo 
sapiens," however, are generally found together with either Late 
Acheulean tools at Bodo, Ethiopia, and Ndutu, Tanzania, or 
with Sangoan tools at Eyasi and Kabwe, Tanzania. Both transi­
tional and modern archaic forms are usually associated with 
MSA technology. This late Middle and early Late Pleistocene 
technology, although reminiscent to some extent of that in Eu­
rope at the same time, is not associated with human remains 
that could be called Neanderthal-like. On the contrary, from 

ca. 130 Ka onward, the human fossil remains in sites such as 
Mumba Cave (Tanzania), and Omo Kibish (skull 1) and Porc­
Epic (Ethiopia) exhibit dental reduction, and in the case of 
Kibish angulation of the cranial base, a higher and more 
rounded cranial vault profile, and a reduction in prognathism, 
which is consistent with a minimal definition of H sapiens 
sapiens. 

Evolution of Modern Cultures in East Mrica 
Between 35 and 25 Ka, a Later Stone Age culture with mi­
crolithic debitage and some backed bladelets is found at sev­
eral sites (Mumba, Nasera, Twilight Cave) in association 
with ostrich-eggshell beads. At Ishango, Uganda, on Lake 
Rutanzige (Edward), remains have been found of modern 
people with a very robust but tall and slender physique, asso­
ciated with numerous small bone harpoons and micro lithic 
debitage, as well as with a bone haft marked with incisions 
that may indicate an understanding of doubling, an early 
form of multiplication. Remains of deep-water-Iake fishes 
suggest the presence of boats and nets. Other rich sites of 
this period with numerous backed bladelets are the lower lev­
els at Lukenya Hill in Kenya and Kisese rockshelter in Tanza­
nia. A fragmentary cranium from Lukenya Hill is compara­
ble in frontal profile to several of the Ishango fossils. The 
earliest rock art in Tanzania could well date to this period. 

During the Pleistocene-Holocene transition, a period 
of extreme aridity (corresponding to the cold-dry maximum 
of the final glacial phase) ca. 18 Ka may have reduced human 
population in the rift valleys, with all but the deepest rift 
lakes dried to ephemeral pools. One site dating to this period 
is Buvuma Island in Lake Victoria, Uganda. Following this 
arid interval, several sites such as Gamble's Cave and Nderit 
Drift in Kenya and Gobedra rockshelter near Axum in 
Ethiopia were occupied by people who left assemblages of 
large blades. In Kenya, these industries are known as the 
Eburran and contain many "Upper Paleolithic" tool types. 
At other sites in most East African countries-for instance, 
Laga Oda rockshelter in Ethiopia, QoQoshis Qabe in Soma­
lia, and Lukenya Hill and Nasera in Kenya, micro lithic in­
dustries of pointed backed bladelets and crescents are preva­
lent. By 10 Ka, most regions are characterized by micro lithic 
technology. It is likely that these latest Paleolithic hunters 
were responsible for the rich corpus of rock art in Tanzania. 
Around the Lake Turkana Basin, the high lake shorelines dat­
ing to the Early Holocene have yielded not only micro lithic 
industries and ostrich-eggshell beads but also numerous 
small bone harpoons and the abundant remains of fish, hip­
popotamus, and crocodile. 

A succession of wet and dry intervals between 9.5 and 
5.5 Ka apparently promoted interchanges and possibly mi­
grations between east Africa and the Sahara region. By ca. 5 
Ka (3000 BCE) remains of domesticated cattle, sheep, and 
goats, all nonindigenous species, are known from northern 
Kenya, and there is some evidence for semipermanent settle­
ment and the intensive use of cereals. Agriculture, based on 
local plants such as millet, teff, and ensete, may have been in­
dependently developed in Ethiopia, but by the late 1990s the 
only evidence for this dated to between 2000 and 0 BCE. 



The earliest state-level society in the region is the state of 
Axum in northern Ethiopia, whose origins date to ca. 500 
BC and reflect strong influences from South Arabia. Histori­
cal inscriptions from Meroitic sites in Central Sudan indicate 
that the Nubian-Egyptian civilization had established trad­
ing and military outposts in the same region as far back as 
1200 Be. Contact with Arabia was also important in the es­
tablishment of later East African states, such as those of the 
Swahili coast. The nature of this contact, however, and the 
extent to which it merged with already existing indigenous 
complex cultural systems, is the subject of several archaeo­
logical and historical investigations. 

See also Acheulean; Afar Basin; Africa; Africa, North; Africa, 
Southern; Arambourg, Camille; Asia, Western; Australo­
pithecus; Baringo Basin/Tugen Hills; Cercopithecinae; 
Clark, J. Desmond; Colobinae; "Dendropithecus-Group"; 
Early Paleolithic; Hominidae; Homininae; Hominoidea; 
Homo; Kenyapithecinae; Late Paleolithic; Later Stone Age; 
Leakey, Louis Seymour Bazett; Leakey, Mary Douglas; Mid­
dle Awash; Middle Paleolithic; Middle Stone Age; Modern 
Human Origins; Natron-Eyasi Basin; Oldowan; Olduvai 
Gorge; Paranthropus; Proconsulidae; Rift Valley; Sangoan; 
Second Intermediate; Senga-5; Tutkana Basin; Victoriapith­
ecinae; Western Rift. [A.S.B., J.AVe., E.D.J 
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Africa, North 

The northern part of Africa begins at the edge of the Sahel 
grasslands, along a line that closely follows the 15° N parallel 
from Dakar to Asmara. This region of Africa includes a nar­
row zone of Mediterranean ecology on the Mediterranean 
coast from Casablanca to Tunis, historically known as the 
Maghreb, and a continuation of arable drylands along the 
coast of Libya in Tripolitania and Cyrenaica. An interior 
band of brushy steppe and mountaintop deciduous forests 
in the high Atlas is known as the Rif. South of this is the Sa­
hara, the Earth's largest desert, which extends across the 
Afro-Arabian continent from Mauritania to the Persian 
Gulf. In Africa, the Sahara proper also includes the outback 
of Morocco, Algeria, Libya, and Egypt, and the northern 
parts of Mali, Niger, and Chad. The Nile Valley and the Red 
Sea ranges to the east are demarcated as Nubia in southern 
Egypt and northern Sudan, and Misr (i.e., Egypt proper) in 
the lower reaches. The definition used here also includes Er­
itrea and northern Ethiopia. Major mountain ranges of 
northern Africa include the Atlas fold-belt, the Ahaggar and 
Tibesti granitic massifs in the southern Sahara, and the rifted 
highlands along the Red Sea. The only large river system is 
the Nile, which has been forced to flow north, constrained 
by rift highlands, since at least the Middle Miocene. Paleocli­
matic and archaeological evidence suggests that, during the 
Pliocene and Pleistocene, periods of higher rainfall (coinci­
dent with cold-climate cycles at high latitudes) supported 
grasslands around the oases and evergreen forests (now a few 
relict groves) in the Tibesti and Ahaggar. 

The Fossil Record 
EARLY PRIMATES 

North African sites yield nearly all known evidence for pre­
Miocene mammalian evolution in Africa, with primate re­
mains that appear to document the endemic origin of the 
Anthropoidea. The earliest known African primate is the in­
determinate euprimate Altiatlasius from Adrar Mgorn 1 in 
the Ourzazate Basin of Algeria, which occurs in coastal-plain 
strata in association with insectivores (palaeoryctids and 
other lipotyphlans) indicating Late Paleocene (Thanetian) 
age, ca. 58-55 Ma. The site of Chambi in Central Tunisia 
contains the ?cercamoniine adapiform Djebelemurin a mam­
malian assemblage suggestive of later Ypresian (Early 
Eocene) age. Algeripithecus and Tabelia, from Glib Zegdou 
in Algeria, are considered to be of Lutetian or later Middle 
Eocene (Bartonian) age. These appear to be primitive para­
pithecids and thus among the earliest anthropoid primates. 
Some workers, however, arguing on morphological grounds, 
maintain that this material may be younger, even perhaps co-
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eval with the earliest faunal levels of the Fayum. Biretia, a 
parapithecid from Nementcha (Bir el Ater) in Algeria, is 
poorly dated but is associated with other mammals that are 
consistent with a level of development equivalent to the 
lower Late Eocene (Priabonian) Qasr el-Sagha faunas in the 
Fayum. 

Abundant and diverse primate fossils have been col­
lected from the Jebel Qatrani Formation in the Fayum bad­
lands of northern Egypt since 1961 by teams led by E.L. Si­
mons. At least a dozen genera are known from four major 
faunal zones whose precise age and relationship to the global 
Eocene-Oligocene boundary are difficult to determine. The 
lower Jebel Qatrani beds, which conformably overlie the 
Qasr el-Sagha Formation (Lower Priabonian), seem clearly 
to belong within the Upper Eocene. The Priabonian, how­
ever, is 4.5 Myr in duration, and the age of the upper Jebel 
Qatrani with regard to the Eocene-Oligocene boundary is 
not obvious. Preliminary paleomagnetic results, and the ap­
pearance of a Fayum-like fauna in association with basal 
Oligocene marine microfauna in Oman, suggest that the up­
per two Fayum mammal zones could reasonably be consid­
ered to be of Early Oligocene age. The entire sequence 
would thus date between 37 and 33 Ma. 

Rare Fayum remains of lower primates include possible 
omomyid and ?lorisid teeth, a possible tarsioid (or early an­
thropoid: Afrotarsius), and the distinctive tiny primate Plesio­
pithecus, the only representative of a new catarrhine family. 
Another rare taxon, Proteopithecus, is classified as Anthro­
poidea, incertae sedis. More abundant are parapithecids, in­
cluding Qatrania, Arsinoea, Serapia, Apidium, and Parapithe­
cus (= ? Simonsius); the oligopithecids Catopithecus and 
Oligopithecus; and the propliopithecid Propliopithecus (and 
Aegyptopithecus, considered by some to be a distinct genus). 
The wide diversiry and clear record of anthropoids makes a 
strong case for the African origin of this group, in contrast to 
the rare and transitory occurrence of Middle Eocene forms, 
the anthropoid status of which is still debatable, in Burma and 
China. 

OLD WORLD MONKEYS 

North Africa has yielded the earliest well-known cercopithecid 
(victoriapithecine) monkey, Prohylobates, which is found at 
the late Early Miocene (c. 17 Ma) site of Jebel Zelten in Libya 
and in the faunally similar Wadi Moghara beds in Egypt; the 
genus has also been reported, provisionally, from coeval and 
ecologically similar sites of northern Kenya. The colobine 
Libypithecus comes from latest Miocene (or earliest Pliocene?) 
faunas at Wadi Natrun in northern Egypt and Sahabi in Libya, 
while the nearly indeterminate "? Colobus' jlandrini is repre­
sented by somewhat older teeth from Menacer in Algeria. 
Macaques (or indeterminate cercopithecines tentatively as­
signed to that genus) are known from Menacer, Natrun, and a 
variery of Pliocene and Pleistocene sites (e.g., Garaet Ichkeul, 
Ain Brimba, Ain Mefta, and Tamar Hat), continuing into the 
living M sylvanus, or "Barbary ape." Theropithecus is known 
rarely in the Pliocene of Algeria and Morocco (Ain Jourdel 
and Ahl AI Oughlam, respectively), and more abundantly at 
the later Middle Pleistocene archaeological sites of Tighenif in 
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Algeria and Thomas Quarries in Morocco. Interestingly, none 
of the scattered Miocene faunas of North Africa contains any 
representatives of early hominoids or eocatarrhines, except for 
a partial humerus from Moghara that resembles those of pro­
pliopithecids or pliopithecids. By comparison, East African 
contemporaneous assemblages produce abundant fossils of 
these taxa, and a kenyapithecine is known from both Namibia 
and Saudi Arabia, at comparable latitudes. 

HUMAN FOSSILS 

As yet, the only example of an early hominin from northern 
Africa is an Australopithecus, recently described from Bahr el­
Ghazal in the Koro-Toro area of northern Chad in associa­
tion with a faunal assemblage similar to those from Hadar 
(Ethiopia), and thus estimated to date between 3.5 and 3 Ma. 
A partial mandibular symphysis and an isolated tooth were 
allocated to the new species A. bahrelghazali, based on fea­
tures that seem similar to those of A. aforensis in most re­
spects. The incomplete Yayo cranium, recovered in the 1960s 
from the same general area, is associated with an Early Pleis­
tocene fauna and has been attributed by most paleoanthro­
pologists to early Homo, probably H erectus. A skull of simi­
lar age and identity dated to ca. 1.0 Ma has also been reported 
in 1998 by an Italian team in Eritrea. Middle Pleistocene fau­
nas, younger than 1.0 Ma, have been found with H erectusor 
"archaic H. sapiens" remains in Morocco at Sale, the Thomas 
Quarries, and Sidi Abderrahman (Littorina Cave) near 
Casablanca and at Tighenif (ex-Ternifine) in Algeria. 

Prehistoric sites with hominin fossils assigned to later 
"archaic H. sapiens" (or, in some cases, hesitantly to "early 
modern H sapienS') include Rabat (= Kebibat), Mugharet el 
'Aliya, Zouhrah Cave, Temara (Smuggler's Cave), and Jebel 
Irhoud in Morocco; Haua Fteah in Libya; and Singa in Su­
dan (dated at more than 130 Ka). The majority of these fos­
sils are associated with Levalloiso-Mousterian or Aterian in­
dustries and are thought to date between 190 and 90 Ka. 
These finds may, in toto, represent different developmental 
stages in the precursors to anatomically modern humans, 
and, indeed, some researchers see evolutionary continuiry in 
the assemblage of North African premodern sapiens. 

Sites yielding Late Pleistocene remains assigned to early 
"anatomically modern H sapiens' include Dar-es-Soltane in 
Morocco, where very robust cranial material in association 
with an Aterian industry may predate 40 Ka. Recently, a bur­
ial said to be of an anatomically modern adult female was 
TL-dated to ca. 40 Ka near Taramsa (Egypt), but only a pre­
liminary report has yet been published, Later in time, 
Taforalt in Morocco, Afalou-Bou-Rhummel, and Col um­
nata in Algeria, and Nazlet Khatr in Egypt have human fos­
sils associated with Late Paleolithic industries. The majoriry 
of these are classified as the robust Mechta-Afalou physical 
type. 

Paleolithic Archaeology 
The earliest archaeological sites in North Africa belong to 
the Oldowan (or Mode 1) Industrial Complex, characterized 
by simple core forms and casually retouched flakes at the site 
of 'Ain Hanech in northeastern Algeria. Investigations here 
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over the years have identified an industry of limestone cores, 
flaked spheroids, and retouched flint flakes. Provisional fau­
nal correlations with East Africa would place this site equiva­
lent to Olduvai Bed II, ca. 1.5 Ma. 

North African Acheulean sites with handaxes and/or 
cleavers include Sidi Abderrahman and Thomas Quarry 2 in 
Morocco; Tighenif (Ternifine), Tihodaine, Tachenghit, and 
Tabalbalat in Algeria; Sidi Zin in Tunisia; Arkin in Nubia; 
and Bir Sahara and Dakhla Oasis in Egypt. At Tabelbala and 
Tachenghit in Algeria, large side-struck cleaver flakes were 
produced by an unusual prepared-core (Tachenghit, super­
Levallois) technique from a thick, pointed bifacial core. As 
has been noted previously, Homo cf. erectus remains have 
been found at several of these sites. 

The Middle Paleolithic, or Mousterian, of Northeast 
Africa exhibits some similarities with that of Europe and west­
ern Asia, particularly in the relatively high proportion of pre­
pared Levallois cores and flakes detached from such cores. 
These industries, known as Levalloiso-Mousterian, are charac­
terized by flake tools such as side scrapers, denticulates, and 
points. In many sites, however, points with basal trimming 
and other signs of hafting are considerably more numerous 
than in most classic Mousterian sites of Europe and southwest 
Asia. In Nubia, where points are particularly numerous, at 
least two types of specialized cores were used for their produc­
tion. In addition, blades made on Levallois cores by working 
from alternate ends (bipolar platforms) across a flat upper face 
are a dominant blank type in many Middle Paleolithic sites of 
this region. With some exceptions, both blade technology and 
trimmed points are more characteristic of the African Middle 
Stone Age than of the classic Mousterian of Europe. Well­
known sites with this industry include Jebel Irhoud in Mo­
rocco; Haua Fteah and Hajj Creiem in Libya; and BirTarfawi 
in Egypt. At the Haua Fteah Cave in Libya, an early blade­
dominated industry with prismatic cores called the Pre-Auri­
gnacian is found in strata below the Levalloiso-Mousterian. 

In North Africa, particularly in the northwest in eastern 
Morocco, Algeria, and Tunisia, assemblages called Aterian (af­
ter the Algerian site of Bir el Ater) are relatively much more 
common than earlier industries. The Aterian appears to be a 
facies of the North African Middle Paleolithic and is charac­
terized by tanged points and other tools; bifacial points are 
known from some Aterian sites, notably in the eastern and 
southern areas, such as Bir Tarfawi in Egypt and Adrar Bous in 
Niger. The emphasis on trimmed and carefully shaped points 
and the clear indications of hafting distinguish this facies from 
the classic Mousterian industries of Europe. The Aterian is 
found stratified above the Levalloiso-Mousterian at a few sites, 
including Adrar BOllS in Niger and Bir Sahara in Egypt. Other 
Aterian sites include Taforalt, el 'Aliya, and Dar-es-Soltane in 
Morocco. Aterian industries disappear ca. 35 Ka with the on­
set of extreme aridity in North Africa. Other Middle Paleo­
lithic variants include the Khormusan of the Nile Valley, char­
acterized by blade elements and Middle Paleolithic types of 
prepared cores and dated older than 40 Ka. 

In many parts of North Africa, there is a hiatus in human 
occupation between 40 and 20 Ka, coinciding with a period of 
"polar desert" hyperaridity at the climax of the last glacial age. 

At the same time, Upper Paleolithic blade industries begin to 
appear in some parts of the North African coast and the Nile 
Valley, indicating that populations were shifting to the areas 
where water is found today. The Dabban complex, from sites 
such as Hagfet et Dabba and Haua Fteah in Libya, represent 
such an early Late Paleolithic industry in coastal areas; in the 
Nile Valley, Mousterian industries are replaced by Late Paleo­
lithic industries beginning before 40 Ka with significant re­
gional variability, including the Khormusan, characterized by 
blade elements and Middle Paleolithic types of prepared cores, 
and the Halfan, which began ca. 23 Ka with small blade indus­
tries in Wadi Haifa and other sites. At the Wadi Kubaniya in 
Egypt, Late Paleolithic populations dated to ca. 17 Ka used 
grindstones to process wild tubers and possibly wild cereal 
crops. Perhaps the most extraordinary site in the later Pleis­
tocene Nile Valley is Nazlet Khater, where early Late Paleolithic 
mining for flint was carried out at ca. 40 Ka using picks to open 
up underground shafts and tunnels and then wooden props to 
support the mine roof. Ca. 15 Ka, a distinctive group of indus­
tries known as the Iberomaurusian, or Oranian, is found at 
Haua Fteah and other sites. These industries are characterized 
by smaller elements, especially backed bladelets. Well-known 
Iberomaurusian sites include Haua Fteah and Hagfet et Tera in 
Libya; Afalou bou Rhummel, Columnata, and Tamar Hat in 
Algeria; and Taforalt in Morocco. Large cemeteries with robust 
Mechta-Afalou populations are known from Afalou bou 
Rhummel, Columnata, and Taforalt. 

Early Food Production in North Mrica 
At ca. 11 Ka, at the very beginning of postglacial time, a pe­
riod of relatively wet climates began in North Africa. Some 
of the most desolate interior basins of the Sahara developed 
lakes, surrounded with open savannah and steppe vegeta­
tion. Lake Chad, for instance, expanded to cover an area of 
1, 1 00 km X 680 km, ca. 10 times its current size. In these 
areas, as well as along the Nile and in the nearby oases, 
groups of fisher-hunters with a distinctive tool kit involving 
bone harpoons, net or digging-stick weights, grindstones, 
mud-walled construction, and micro lithic arrowheads 
spread out widely. By 8 Ka or even earlier in some regions, a 
distinctive pottery decorated with wavy lines was in com­
mon use, the world's second-oldest ceramics after Japanese 
Jomon sites. 

Scholars have considered that the typical plants and an­
imals exploited by modern North African farmers (e.g., 
wheat, barley, sheep, goats, and cattle) were introduced in 
their domesticated form from outside the continent, most 
likely from southwestern Asia. Evidence from Egypt and the 
Sahara, however, suggests that a degree of indigenous 
African domestication may have preceded the introduction 
of Eurasian domesticates. In particular, the evidence from 
Nabta Playa in the western desert of Egypt indicates that 
semisedentary populations were living there before 8 Ka and 
that they were collecting and storing wild sorghum with a 
possible selective effect in the direction of domestication. 
Furthermore, the predominance of cattle bones among the 
bones of gazelles and other animals adapted to semiarid sa­
vannah suggests that cattle were probably being kept or wa-



tered by humans, and thus the initial conditions of domesti­
cation were satisfied. Mitochondrial DNA studies confirm 
that African and Eurasian domestic cattle belong to separate 
races whose split predates the earliest possible dates for do­
mestication in either region. On the other side of the Sahara, 
at Adrar Bous in northern Niger, the skeleton of a domestic 
short-horned ox was recovered from a relatively early con­
text, dating to ca. 6.5 Ka. 

Throughout the Sahara, rock paintings of variegated 
cattle and wild game attest to the lifeways of pastoralists. Al­
though attempts have been made to date the paintings on 
stylistic grounds, their age remains uncertain. Their exis­
tence, however, is testimony to a way of life that disappeared 
some time close to 6 Ka, when the Sahara again began to dry 
up and settlements were once more concentrated on the per­
manent rivers and oases. In the Nile Valley, the increased in­
tensity of settlement and the apparent cultural diversity re­
flected in the remains found at different oasis localities led 
initially to the formation of small states or chiefdoms. Agri­
culture and the specialized production of luxury goods (e.g., 
pottery and stone bowls) for export subsequently led to the 
establishment of thriving manufacturing towns (e.g., Hier­
akonpolis) and to the development of a trading class and the 
written signs of ownership similar to hieroglyphs in both 
Upper Egypt and Nubia. Ideas and goods entered Egypt via 
the Mediterranean littoral from the north and east, as well as 
from the south along the Nile corridor. By ca. 5.1 Ka, one of 
the most important of the southern states, whose symbol 
was the red crown of upper Egypt, had conquered the others 
and established the first Egyptian dynasty. 

See also Adapiformes; Africa; Africa, East; Anthropoidea; 
Asia, Western; Aterian; Australopithecus; Bone Tools; Ca­
tarrhini; Cercopithecidae; Cercopithecinae; Colobinae; 
Domestication; Early Paleolithic; Fayum; Hominoidea; 
Homo; Late Paleolithic; Mesolithic; Middle Paleolithic; 
Neolithic; Oligopithecidae; Paleolithic; Parapithecidae; 
Propliopithecidae; Victoriapithecinae; Yayo. [N.T., K.S., 
A.S.B., ].A.V.C, E.D.J 
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Africa, Southern 
For the purposes of this encyclopedia, southern Africa is con­
sidered to be the region below latitude 12° south, except for 
the area within the Rift Valley between 15° and 12° S, which is 
included in East Africa. This region encompasses the nations 
of South Africa, Namibia, Botswana, and Zimbabwe, along 
with parts of Angola, Zambia, and Mozambique. Climati­
cally, there are several different zones across this region. The 
southern coast has a nearly Mediterranean climate, while the 
Namib-Kalahari Desert extends into the interior plateau from 
the west coast and occupies the large central basin. North of 
the arid zone, tropical savannah extends across the continent 
and down the eastern coast. A block of subtropical humid 
bushland lies in the interior of the eastern region, and the cen­
ter of the region (the Great Karroo) is subtropical steppe, 
which extends south and east nearly to the Indian Ocean and 
west below the desert fringe to the Atlantic. Mountain high­
lands, notably in the Drakensberg and also in Swaziland and 
Natal, support ecological islands of temperate deciduous 
woodland. The Zambezi, Okavango, Limpopo, and Or­
ange/Vaal rivers are the major (east-west) watercourses, and re­
lief is generally moderate, although notable escarpments stand 
behind the narrow coastal plains in most of the region. 

Pre-Pliocene Primates 
No Paleogene sites have been reported in this region, al­
though Malembe, in the Cabinda region of Angola (ca. 5° 
S), has yielded a Fayumlike probably Early Oligocene mam­
mal fauna that includes one possible primate canine. Lower 
Miocene sites in paleo estuaries of the Diamond Desert, or 
Sperrgebiet, of Namibia were uncovered in the 1910 dia­
mond rush, at Bogenfels in the Langental, Elisabethfeld, and 
in a water hole at Elisabeth Bay. Slightly younger faunas were 
later found in test pits along the lower Oranje River at Arris­
drift, Rooilepel, and Auchas. All of the Namib Early and 
Middle Miocene samples closely resemble those of coeval 
sites in Kenya, but as of 1998 none has yielded primate re­
mains. In 1997, B. Senut and colleagues described a single 
upper molar of a gorilla-sized (proconsulid?) hominoid re­
covered from a stratified deposit at Ryskop on the western 
coast (Namaqualand), dated c. 18 Ma. 

In the limestone hills of northern Namibia, the remains 
of a kenyapithecine, Otavipithecus, were discovered, along 
with thousands of small vertebrate specimens, in cave-breccia 
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Main localities in Southern Africa yieldingfossil non-hominin primates. Symbols indicate site 
contents, while numbers represent site names (in approximate chronological order), as follows: 1, 
Ryskop; 2, Berg Aukas; 3, Langebaanweg; 4, Makapan; 5, Sterkfontein; 6, Jaegersquelle 1; 7, 
Haasgat; 8, Leba; 9, Taung; 10, Gladysvale; 11, Cangalongue, Malola Kiln; 12, Bolt's Farm; 
13, Schurweburg; J 4, Swartkrans; J 5, Koanaka; 16, Kromdraai; 17, Coopers; 18, Saldanha 
(Hopefield). 

fragments from the dump of the inactive Berg Aukas copper­
vanadium mine. The presence of rodents similar to forms 
known in North Africa has suggested an age of 14-13 Ma. 
Teeth of later Miocene cercopithecids and remains of Plio­
Pleistocene monkeys and strepsirhines have been informally 
reported from cave formations in this area as well. Several 
cercopithecine teeth are also known from the Early Pliocene 
deposits (ca. 5 Ma) of E Quarry at Langebaanweg, near Cape 
Town. 

Plio-Pleistocene Humans and Other Primates 
The fossiliferous cave deposits of Taung, Sterkfontein, 
Makapansgat, Kromdraai, Swartkrans, Gladysvale, Dri­
molen, Haasgaat, and Bolt's Farm in South Africa, and sev­
eral sites on the Cangalongue Plateau near Leba, Angola, 
have yielded an abundance of cercopithecid fossils of later 
Pliocene and Early Pleistocene age. The earlier sites are dom­
inated by species of the archaic cercopithecine Parapapio, 
with smaller numbers of Theropithecusand the colobine Cer-

copithecoides. At Taung and Bolt's Farm, Papio and Parapapio 
are roughly equal in frequency, while later sites yield mainly 
P. (Papio) and P. (Dinopithecus) alongside more derived 
forms of Theropithecus and Cercopithecoides, 

With the exception of Bolt's Farm, Haasgaat, and the 
Angola sites, these faunas also contain australopiths. Austra­
lopithecus africanus was first recovered at Taung, but the 
most important sample is known from Sterkfontein Mem­
ber 4, with fewer specimens from Makapansgat and perhaps 
Gladysvale and Drimolen. The type of Paranthropus robus­
tus was found at Kromdraai, and the most extensive sample 
is from Swartkrans, especially Member 1 but also Members 
2-3. Several specimens probably attributable to Homo ha­
bi/is have been recovered from Member 5 of Sterkfontein, 
while specimens of H. cf. habilis and H. cf. erectus have been 
found in Members 1-2 (and 3?) at Swartkrans alongside 
P. robustus. 

The oldest archaeological materials in southern Africa 
derive from the lowest part of Member 5 at Sterkfontein and 



date to ca, 2 Ma. The artifacts consist of ad hoc flakes and 
cores made by striking a core on an anvil or hard surface and 
selecting useful flakes. The toolmaker is obscure; it could be 
represented by Stw 53, an early Homo (or conceivably late 
Australopithecus) fossil. Arguments for older artifacts of 
bone, tooth, and horn (osteodontokeratic culture) associated 
with A. afticanus have been invalidated by studies showing 
that the faunal assemblage features formerly considered as 
evidence of human activity are instead due to the actions of 
carnivores. Possible Oldowan finds are reported from surface 
localities and cave floors in northwest Botswana, but the age 
of these finds has not been precisely determined. Elsewhere 
in the region, Oldowan artifacts of Plio-Pleistocene age have 
been reported from the Chiwondo beds in Malawi, but there 
is some question about the in situ nature of these finds. A 
younger section of Sterkfontein Member 5 has yielded stone 
artifacts referable to the Acheulean, as has Member 3 at 
Swartkrans, the latter associated with both Paranthropus and 
early Homo. These horizons may date to ca. 1.5 Ma. The 
Member 3 assemblage at Swartkrans is particularly interest­
ing because of the presence of burned bone, suggesting 
cooking and/or hominid use of fire, and the presence of 
bone tools, sharpened (probably by use-wear) as digging 
sticks, indicating early reliance on underground food 
sources, an important new and relatively uncontested niche 
for hominids. The faunal remains are distinguished from 
those of earlier australopith sites (e.g., Member 4 at Sterk­
fontein) by the presence of more immature herbivores and 
fewer primates among the victims, suggesting a possible 
transition from hunted to hunter. 

Younger Acheulean occurrences of probable late Early 
to early Middle Pleistocene age are known from river gravels 
in South Africa (especially Vaal River), Botswana, and Zim­
babwe (Zambezi). Between 700 and 400 Ka, Acheulean ma­
terials also appear in cave deposits at Cave of Hearths (Trans­
vaal, South Africa) and Montagu Cave (Cape Province, 
South Africa). The latter site, together with open-air occur­
rences at Amanzi Springs (Uitenhage, Cape Province, South 
Africa) and Hopefield (Saldanha Bay, South Africa), are the 
earliest occupations of the winter rainfall zone at the south­
ern tip of the continent. In both of the open-air sites, 
wooden artifacts are preserved. "Archaic H. sapiens" crania of 
Middle Pleistocene age are known from the sites of Kabwe 
(formerly Broken Hill) in Zambia and Elandsfontein (Hope­
field, Saldanha) in South Africa, and a mandibular fragment 
has been recovered from Cave of Hearths. The latter two 
specimens are among the few hominins in association with 
Acheulean artifacts (also Tighenif in Algeria and perhaps 
Olduvai Bed IV), but no tools are definitely associated with 
the Kabwe fossil. These specimens probably all date between 
700 and 400 Ka. 

Farther to the north, one of the most important 
Acheulean localities in Africa is the site of Kalambo Falls 
(Zambia), excavated by J.D. Clark. Although fauna were not 
preserved, plant remains, including grass, worked wooden 
artifacts, seed pods, fruit remains, and pollen, were preserved 
in the multiple overlapping Acheulean horizons. Among the 
wooden artifacts was a partly charred object interpreted as a 

AFRICA, SOUTHERN 

fire paddle. A curved stone line suggested construction of a 
windbreak, while two hollows filled with grass indicated the 
location of possible sleeping areas. Pollen analysis indicates a 
swampy, gallery forest along the river, with savannah grass­
land beyond. The presence of present-day high-altitude 
species in the pollen diagram of the final Acheulean suggests 
a cooler and possibly wetter interval. Early dating efforts for 
the Acheulean at Kalambo Falls were unsatisfactory; the true 
age is probably in excess of the oldest published age of 190 
Ka, based on amino-acid racemization. 

The transition to the Middle Stone Age (MSA) is 
marked in southern Africa by the presence of very finely 
made handaxes, which can resemble large MSA points, and 
the advent of prepared-core technology. These handaxes and 
associated tools are known as the Fauresmith industry. A 
nonhandaxe industry, the Charaman, is known from Zim­
babwe and Zambia, from such sites as Bambata, Kabwe and 
Pomongwe, among others. This industry is characterized by 
many small miscellaneous scrapers. While the Charaman 
was thought to be associated at Kabwe with a skull of "ar­
chaic H. sapiens," this assemblage may, in fact, represent a 
nonbiface facies of the Early Stone Age of much earlier date. 
Farther to the north in the region, at Kalambo Falls, the tran­
sition is marked, as in Central Africa and the western regions 
of East Africa, by the presence of large crude picks with a tri­
hedral section at the tip, relatively crude bifaces or core axes, 
and a range of smaller tools. This industry, known as the 
Sangoan from the type area of Sango Bay in Uganda, was 
once thought to be associated with human penetration of 
the tropical forest ecozone. Newer evidence from East Africa 
(Simbi, Muguruk) and from Kamoa in Zaire, however, has 
suggested that Sangoan sites are more likely to be associated 
with sandy lenses indicative of drier rather than wetter, 
forested conditions. 

The Middle Stone Age of southern Africa is relatively well 
known compared to earlier periods. Indeed, the sequence of 
Middle Stone Age industries derived from deep cave deposits 
on the southern coast has been used as a model for this period 
throughout the continent, which is somewhat problematic as 
these sites lie in the cool, temperate winter-rainfall zone today 
and are not characteristic of environmental conditions in trop­
icalAfrica. The oldest MSAsite in southern Africa mayweJl be 
the spring eye at Florisbad, although the artifacts recovered here 
are generally undiagnostic. Associated with them is an incom­
plete cranium oflate Middle Pleistocene age (260 ± 35 Ka) that 
is possibly an early antecedent of the modern human lineage. 
In most ways, it is reminiscent of the earlier Kabwe-Saldanha 
group, but the forehead is higher and the face broad, suggesting 
later premodern humans. Another recently reported early 
MSA industry with trimmed points comes from Twin Rivers in 
Zambia, where a speleothem overlying the archaeological layer 
yielded a uranium-series date of 230 ± 35 Ka. 

The older MSA horizons in cave deposits at Cave of 
Hearths (Transvaal), Klasies River Mouth (Cape Province), 
and Border Cave (Natal Province) in South Africa have 
yielded Mode 3 industries on blades, dated to ca. 120 Ka or 
older. Typical tools include trimmed unifacial and bifacial 
points, many with basal thinning for hafting, scrapers, and 
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Main localities in Southern Africa yieldingfossil hominins and Paleolithic archaeological 
remains. Symbols indicate site contents, while numbers represent site names (in approximate 
chronological order), as follows: 1, Makapan; 2, Sterkfontein, Mbr 1-4; 3, Taung; 4, 
Gladysvale; 5, Drimolen; 6, Swartkrans, Mbr 1-3; 7, Kromdraai; 8, Sterkfontein, Mbr 5; 9, 
Coopers; 10, Saldanha (Hopefield); 11, Kabwe; 12, Swartkrans, Mbr4; 13, Florisbad; 14, 
Hoedjiespunt; 15, Rooidam; 16, Hope Fountain; 17, Kalkbank; 18, Twin Rivers; 19, Amanzi 
Springs; 20, Cave o[Hearths (older levels); 21, Nelson's Bay Cave; 22, Klasies River Mouth 
Cave; 23, Stellenbosch; 24, Sea Harvest Cave; 25, Wonderwerk (older levels); 26, Border Cave; 
27, Die Kelders; 28, Mumbwa; 29, Howieson's Poort; 30, Mossel Bay; 31, Stillbay, Blombos; 
32, Tsodilo Hills; 33, Eland's Bay Cave; 34, Rose Cottage; 35, Bambata; 36, *Gi; 37, Apollo-
11; 38, Orangia; 39, Pomongwe; 40, Cape Flats, Fish Hoek; 41, Tuinplaas (Springbok Flats); 
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(younger levels); 47, Khami. The eight site units in the Sterkfontein (Blaauwbank) Valley have 
been expanded in their relative positions in the inset. Note that 20 & 46 and 25 & 44 are 
identical sites, separated due to contents. 



burins. Layered strata at Klasies River Mouth yield incom­
plete human fossils in an MSA context, with an age inferred 
from geomorphological analysis of stream terraces to be be­
tween 120 and 95 Ka. These specimens are morphometrically 
within the range of modern human anatomical variation. 
The cranial remains of four individuals from the site of Bor­
der Cave, which have been attributed to a Middle Stone Age 
context of between ca. 110 and 85 Ka, are completely mod­
ern in appearance. However, a partial ulna appears more ar­
chaic, perhaps indicative of heavier musculature, as is also 
true of a comparable bone from Klasies. The stratigraphic­
archaeological context and the age of the Border Cave speci­
mens are matters of some dispute, and ESR (electron spin res­
onance) dating, while supportive, has not been conclusive. 
Moreover, a 1996 analysis of bone mineral crystallinity indi­
cates that two of the cranial fragments are young and proba­
bly intrusive, while confirming an MSA age for the postcra­
nia. Nevertheless, the evidence from Border Cave for the 
presence of anatomically modern humans in the late Middle 
to early Late Pleistocene of southern Africa gains some sup­
port from the more securely provenanced but fragmentary 
fossils from Klasies River Mouth, Die Kelders, and other 
sites. At ca. 80-65 Ka, particularly in the Cape Province, a 
cooler interval is associated with a very early Mode 5 industry 
that includes backed geometric forms made on small blades. 
This industry, the Howieson's Poort, is associated with greater 
use of exotic stone materials and an increase in the hunting of 
small game. Following the Howieson's Poort interval, MSA 
peoples once again made a variety of larger points, primarily 
on flake and flake-blade blanks. 

In many ways, the Cape sites are quite different from 
the interior sites in what they indicate about economic so­
phistication in the MSA. In the Cape sites, evidence of hunt­
ing or remains of large, dangerous animals are rare; most an­
imals tend to be the more docile species such as the blue 
antelope. But at open-air sites in Botswana (e.g., �~�G�i�)� and 
Namibia, remains of giant buffalo (Pelorovis), giant zebra 
(Equus capensis), and warthog suggest competent and regular 
hunting of these species, probably from ambush. On the 
Cape coast, shellfish were collected throughout the MSA, 
but fishing was not practiced at most sites, although large 
fish have been reported from "Stillbay" levels at Blombos in 
the eastern Cape. In the interior, however, at sites such as 
White Paintings shelter (Tsodilo Hills, Botswana), fish re­
mains indicate that MSA people were fishing for catfish in 
freshwater rivers and lakes. 

Symbolic activities are not well represented in the MSA. 
At Apollo-II in Namibia, a Howieson's Poort-like industry 
(which could also represent an early Later Stone Age hori­
zon) at the top of a long sequence of MSA industries dating 
to more than 100 Ka is associated with the oldest dated art 
on the continent: slabs with animal outlines in red ocher 
dated by radiocarbon on an overlying hearth to ca. 28 Ka. 
Other evidence of symbolic activity in the Middle Stone Age 
includes the presence of incised ostrich-eggshell fragments at 
Diepkloof, Elands Bay Cave, and Apollo-II, among others, 
and bone fragments with lateral notches from Klasies River 
Mouth. Grindstones stained with ocher were apparently 
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used to process pigments at �~�G�i� in the Kalahari (Botswana) 
and perforated and ground ochre plaques are known from 
Klasies and other sites. In northern Namibia, lanceolate 
stone points of Lupemban type, closer to Central than ro 
southern Africa, are known from the site of Mirabib. 
Throughout Zimbabwe and in Botswana, the points have a 
particular triangular form and are frequently bifacial: These 
are known as the Bambata industry after the type site in 
Zimbabwe. Throughout the region, the MSA is distin­
guished by regionally specific point types, suggesting a pat­
terning of styles more similar to the Late than ro the Middle 
Paleolithic. In the final MSA, specular hematite was mined 
at Lion Cavern in Swaziland for transport elsewhere. 

Following the MSA, early Later Stone Age microlithic 
industries appear very early, predating 40 Ka, at Border Cave 
(Natal Province), while in some other regions they do not ap­
pear until ca. 20 Ka. The Later Stone Age is characterized not 
only by micro lithic (and some nonmicrolithic) technologies, 
but also by ostrich-eggshell beads, rock paintings, and evi­
dence for increasing dependence on smaller-scale resources. 
Bone harpoons for fishing at White Paintings shelter 
(Tsodilo Hills, Botswana) may date to ca. 3730-Ka. Region­
ally distinct industries predating 12 Ka have been defined for 
many areas; these include the Tshangula of Zimbabwe, the 
Nachikufan 1 in Zambia, and the Robberg in the Cape Prov­
ince. The latter is a nongeometric microlithic industry with 
small-backed points. 

The number of Later Srone Age sites increases dramati­
cally in the Holocene, and regional differences become more 
pronounced. Geometric forms such as lunates or crescents 
dominate many assemblages; these may have served as ele­
ments of projectiles, whether barbs or points, and the pro­
jectiles themselves may have delivered a fatal poison rather 
than an immediately fatal wound. Rock art is increasingly 
elaborate, and many of the older paintings on the Brandberg 
(Namibia) and the Drakensburg (South Africa) can be dated 
to the Pleistocene-Holocene transition. Many paintings may 
represent trance states and iconographic images that corre­
spond to practices and beliefs of today's San peoples. 

Skeletal remains suggest that these people were the an­
cestors of the modern-day Khoisan peoples of southern 
Africa and that their way of life was based on extensive uti­
lization of plant foods and materials and on hunting. Craft 
production of beads and possibly of points for trade is a 
likely feature at many sites. Seasonally specific faunal re­
mains suggest annual movement between summer and 
winter camps. 

The end of the Later Stone Age in southern Africa can 
be arbitrarily set at ca. AD 0 when many local peoples appear 
to have adopted ceramic and sheep herding technology from 
farmers to the north. By 1200 Ka, central and east African 
people with iron metallurgy, cattle, and, presumably, Bantu 
language, began to filter into the area from the north. Stone­
tool-using peoples, however, continued to live alongside Iron 
Age peoples in a variety of relationships, apparently into the 
nineteenth century in some areas. Some of these older in­
habitants were entirely absorbed into the farming popula­
tions; others existed as clients or specialized castes of hunters 
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or servants within farmer society; and others were relatively 
independent hunter-gatherers who may have traded their 
surplus for small amounts of metals and ceramics. 

See also Acheulean; Africa; Africa, East; Apollo-II; Archaic 
Homo sapiens; Australopithecus; Australopithecus afri­
can us; Bambata; Border Cave; Breccia Cave Formation; 
Broom, Robert; Cave of Hearths; Chiwondo Beds; Clark, ]. 
Desmond; Dart, Raymond Arthur; Die Kelders; Drimolen; 
Early Stone Age; Florisbad; ¥- Gi; Gladysvale; Homo; Homo 
erectus; Homo habilis; Howieson's Poort; Kabwe; Kalambo 
Falls; Kenyapithecinae; K1asies River Mouth; Kromdraai; 
Later Stone Age; Makapansgat; Middle Stone Age; Modern 
Human Origins; Nelson Bay Cave; Paleolithic; Paranthro­
pus robustus; Rose Cottage; Saldanha; Sea Harvest; Sterk­
fontein; Swartkrans; Taung; Tsodilo Sites; Wonderwerk. 
[E.D., A.S.B., ].A.v.e., EE.G.] 
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hominids. ]. Hum. Evo!. 31 :499-506. 

Singer, R., and Wymer,]. (1982) The Middle Stone Age at 
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Afropithecus 
Kenyan Miocene hominoid primate that may be the earliest 
known member of Hominidae. During the latest Early 
Miocene and the early part of the Middle Miocene, there ap­
peared in Africa for the first time a type of hominoid with a 
radically different adaptation of its teeth. Up to this time, all 
hominoids had relatively thin dental enamel; with Afropithe­
cus, thick enamel appeared, and this was to have far-reaching 
consequences for hominoid evolution. Afropithecus turka­
nensiswas a large hominoid primate (males were the size of a 
female gorilla) known from two sites in northern Kenya, 
Kalodirr and Buluk, dated to ca. 17 Ma. The face of Afro­
pithecus is long (and the teeth relatively small), but it appears 

slightly upwardly flexed, suggesting relative airorhynchy, al­
though not as strong as in Ponginae. In its premolar and mo­
lar morphology, it is similar to Heliopithecus leakeyi from 
Saudi Arabia. This similarity has led to the two genera either 
being synonymized or grouped together in the tribe Afro­
pithecini of the hominid subfamily Kenyapithecinae. In 
1997, the new genus Morotopithecuswas proposed to receive 
both known and new fossils from Moroto, Uganda, which 
were dated at ca. 20 Ma, older than previously thought. The 
facial fragments had often been loosely included in Afropith­
ecus, but they do differ somewhat (for example, Kalodirr 
specimens have an oblique and slightly constricted incisive 
canal as opposed to the vertical foramen in the Moroto 
palate), and the Moroto postcranium may present several 
character states derived in the direction of living hominids. 
It is still not clear whether this new genus is in fact distinct 
from Afropithecus, but that distinction is accepted here. 

See also Africa, East; Buluk; Diet; Heliopithecus; Homi­
nidae; Hominoidea; Kenyapithecinae; Morotopithecus; 
Ponginae; Proconsulidae; Skull; Teeth. [E.D., P.A.] 

Further Readings 
Leakey, M.[G.] and Walker A[e.] (1997) Afropithecus: 

Function and phylogeny. In D.R. Begun, e.v. Ward, 
and M. Rose (eds.) Function, Phylogeny and Fossils: 
Miocene Hominoid Evolution and Adaptations. New 
York: Plenum, pp. 225-239. 

Leakey, R.E., Leakey, M.G., and Walker, Ae. (1988). Mor­
phology of Afropithecus turkanensis from Kenya. Am. ]. 
Phys. Anthropo!. 76:289-307. 

Afrotarsius 
Discovered in 1984, this is the only tarsiiform fossil found in 
Africa, which harbors no living tarsiers. Afrotarsius chatrathi 
is represented by a single lower-jaw fragment from deposits 
in the Upper Fossil Wood Zone of the Fayum Depression 
(Egypt), probably ca. 33 Ma. Like the microchoerine 
omomyid group of fossil tarsiiforms, it demonstrates the im­
portant fact that forms quite closely related to modern tar­
siers were once widespread geographically. In fact, because it 
shares similarities with both living tarsiers and the Late 
Eocene microchoerine Pseudo loris of western Europe, A. 
chatrathi may clarify the affinities of the former. These 
points suggest the possibility that the direct ancestors of the 
living species arose far to the west of the Malay archipelago, 
where tarsiers are now confined. On the other hand, species 
more definitely included in Tarsiidae (if not in Tarsius itself) 
have been reported in the 1990s from the Eocene of China 
and the Miocene of Thailand. Resemblances to the molars 
of Tarsius in both size and occlusal function imply a similar 
diet of invertebrate and vertebrate prey. There is still some 
question as to whether it is best included in the Tarsiidae or 
placed in its own family (or incertae sedis). A minority view 
contends that this species is not a close relative of tarsiers but 
instead a conservative (proto)anthtopoid. 

In late 1998, D.T. Rasmussen and colleagues reported 
the find of a partial tibia (lower leg bone) attributed to Afro-



tarsius, which indicates that this animal shared with living 
tarsiers a fused tibia and fibula, thus supporting the rela­
tionship between these genera. 

See also Anthropoidea; Asia, Eastern and Southern; Fayum; 
Microchoerinae; Omomyidae; Tarsiidae; Tarsiiformes; Tar­
sioidea. [A.L.R.J 

Further Readings 
Rasmussen, D.T., Conroy, C.c., and Simons, E.L. (1998). 

Tarsier-like locomoror specializations in the Oligocene 
primate Afrotarsius. Proc. Nat!' Acad. Sci. USA 
95: 14848-14850. 

Aggregation-Dispersal 
Anthropological concept that refers to the differences in the 
number of people who live together in foraging societies in 
the course of a year. Ethnographic data on simple hunter­
gatherer groups, those who directly forage for what nature 
provides and who do not store foods, indicate that their set­
tlement systems feature seasonal pulsations in the size of the 
coresident groups. Information on such groups shows that 
small numbers of people (ca. 25 to 30 individuals or five to 
six nuclear families) live together during one part of the year 
and that these groups join similar groups during other sea­
sons. During these relatively short periods of aggregation, 
population increases appreciably to 100 or more individuals 
(25 or more families). At these large gatherings, various 
forms of group ritual behavior are a common feature, as is 
exchange of information and of mates. Such seasonal fluctu­
ation in the size of the coresident units is considered a uni­
versal feature of simple hunter-gatherer adaptations. 

Data on past settlement systems of hunter-gatherers 
suggest that such aggregation-dispersal pulsations in group 
size may have been a feature of some Upper Paleolithic settle­
ment systems as well. Such sites as Altamira and Lascaux have 
been interpreted as seasonal aggregation camps at which a 
number of groups dispersed during the rest of the year gath­
ered and engaged in groupwide rituals that may have in­
volved painting figurative and nonfigurative designs on cave 
walls. 

Evidence from other Late Paleolithic regions, most no­
tably from the Central Russian Plain, where no changes in 
group size have been found between the settlements occu­
pied during different seasons, indicates that such changes in 
group size were not a universal feature of Late Paleolithic set­
tlement systems. 

See also Altamira; Lascaux; Ritual; Site types. [O.S.] 

Further Readings 
Conkey, M. (1980) The identification of prehistoric 

hunter-gatherer aggregation sites: The case of Al­
tamira. Curro Anthropo!' 21:609-630. 

Lee, R.B. (1979) The !Kung San. Cambridge: Cambridge 
University Press. 

Soffer, O. (1985) The Upper Paleolithic of the Central 
Russian Plain. New York: Academic Press. 
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Ahmarian tools from the eastern Sinai, Egypt, Top row, pointed backed 
bladelets; bottom row, end-scraper and bladelet core, From I. Gilead, 
1989, in O. Bar-Yosef and B, Vandermeersch, eds" Investigations in 
South Levantine Prehistory, British Archaeological Reports, 
International Series, No, 497 

Ahmarian 
An early Late Paleolithic industry from the southern Levant 
dating to between 38 and 22 Ka. Unlike the Levantine Auri­
gnacian, with which it is roughly contemporaneous, the 
Ahmarian features numerous blades, backed blades, and 
bladelets. Ahmarian occupations include Erq-el Ahmar D-F, 
Kebara E, Qafzeh 7-9, Boker A and Boker BE (Levels 
II-VII), and numerous sites near Lagama in the northern 
Sinai. The Ahmarian is one of several early Late Paleolithic 
industries from the eastern Mediterranean that are typologi­
cally distinct from the European early Upper Paleolithic Au­
rignacian industry. 

See also Asia, Western; Upper Paleolithic. (J.J.S.] 

'Ain Ghazal 
One of the largest-known Neolithic sites in Southwest Asia, 
occupied for nearly 2,000 years (ca. 9.3-7.7 Ka). Located 
near Amman, Jordan, it was excavated between 1982 and 
1989 by C. Rollefson and A. Simmons. The site produced 
impressive ritual and artistic objects, including small animal 
and human clay figurines, many with decapitated heads; hu­
man skulls with faces modeled in plaster; and large (up to 90 
cm high) human statuary made of reeds and plaster. At its 
peak, the mudbrick settlement extended over 12 ha (30 
acres) and had some 2,000 inhabitants; after 8 Ka it went 
into decline, and after 7.7 Ka it was sporadically occupied, 
probably by pastoralists. 

See also Asia, Western; Jericho; Neolithic. [N.B.] 
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'Ain Hanech 
An Early Paleolithic (Mode 1) locality near the town of Setif 
in northeastern Algeria, which may be the oldest evidence of 
hominid presence in North Africa. A rich Villafranchian 
fauna was recovered in the mid-twentieth century, as well as 
Oldowan-like limestone cores and flakes, including some 
flaked "stone balls," or sphetoids. The fauna associated with 
the artifacts has been compared to that found in Bed II of 
Olduvai Gorge (Tanzania), which could place 'Ain Hanech 
at ca. 1.5 Ma. Renewed excavations by Sahnouni et al. have 
recovered Oldowan artifacts from fine-grained deposits, in­
cluding a larger component made on limestone cobbles and 
a smaller component made on flint pebbles. Preliminary pa­
leomagnetic analysis indicates normal polarity, which sug­
gests correlation with the Olduvai Subchron (1.95-1.77 
Ma). Acheulean handaxes are known from surface scatters at 
the locality and appear to have eroded out of later, overlying 
deposits. 

See alw Africa, North; Early Paleolithic; Oldowan. [NT., K.S.J 

Further Readings 
Sahnouni, M. (1998) The Lower Paleolithic of the 

Maghreb: Excavations and analyses of Ain Hanech, Al­
geria. Cambridge Monographs in African Archaeology 
no. 42, BAR S689. Oxford: Archaeopress. 

Allele 
The ultimate source of genetic variation is mutation, the 
term applied to any alteration in a gene. Its effect is to create 
different variants of genes in a population: DNA segments 
responsible for identical functions bur yielding slightly dif­
ferent products. Variant forms of a gene are known as alleles. 
Organisms with two identical alleles for the same gene are 
homozygous; organisms with two different alleles are hetero­
zygous. 

See also Gene; Genotype. U.M.J 

Allometry 
Living organisms exhibit tremendous vanatJon in overall 
size, ranging from single-celled creatures to the 1 �~�O�-�t�o�n� blue 
whale, the largest known animal that has ever existed. Such 
variation in body size has major implications for the ways in 
which animals are constructed and function. The biological 
investigation of the morphological and physiological 
changes that are causally related to differences in body size is 
known as the study of allometry (from Greek roots meaning 
"of different measure or shape"). Allometric investigations 
are but one aspect of the broader study of scaling in biology, 
which focuses on not merely the morphological but also the 
ecological, life-historical, and even behavioral correlates of 
size change. 

Early work in the field of allometry dates back at least to 
Galileo, who used physical principles to demonstrate the dis­
proportionate changes in width or girth that long bones of 
larger animals must undergo if they are to function properly 
in their weight-bearing capacities. Just as in any physical 
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body, when animals enlarge in size, geometric similarity or 
isometry is maintained where lengths scale proportionately 
to lengthsl.O, areaso.GG , and volumes or weightso.33 • Since vol­
umes in some real sense outrace surface areas and lengths, an­
imals of roughly similar design but of significantly different 
overall size must frequently change their shape (i.e., scale al­
lometrically rather than isometrically) if they are to function 
equivalently. For example, it has been determined that the 
weight of the skeleton in mammals scales allometrically 
(with a log regression slope significantly greater than 1.0) rel­
ative to overall body weight in order to support the rapidly 
increasing total mass. Large mammals thus have relatively as 
well as absolutely heavier skeletons than smaller mammals. 
Another excellent example is provided by metabolic rate in 
birds and mammals, which scales with body weight to ap­
proximately the 0.75 power (see figure). As a result of this 
negatively allometric relationship (a regression slope value 
significantly less than 1.0), larger mammals have relatively 
lower metabolic rates, while smaller mammals have relatively 
higher rates. 

This negatively allometric pattern is presumably related 
at least in part to the progressively decreasing ratio of surface 
area to volume as mammals get larger. Without such an allo­
metric scaling of metabolism, as M. Kleiber pointed out 
long ago, a steer with the relative metabolic rate of a mouse 
would have to maintain surface temperatures near the boil­
ing point to dissipate heat adequately, while a mouse with 
the relative metabolic rate of a steer would require over 15 
em of insulating fur to maintain sufficient body tempera­
tures. Countless other examples from both biology and engi­
neering could be given to support the claim that the mainte­
nance of functional equivalence often requires a regular 
alteration of shape as size changes. 

Allometric relationships are also frequently examined 
within particular species, either in ontogenetic sequences or 
among adults of different size. Here progressive shape 
changes reflect differential growth, as in the general mam-
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Graphic illustration of the progressive changes in shape during human 
ontogeny, made by scaling body shape at various growth stages to a 
common length. These shape changes reflect a positive allometry of 
hindlimb length and a negative allometry of skull size. After McMahon 
and Banner, 1983, and P. Medawar in WE. LeGros Clark and P.B. 
Medawar, eds., Essays on Growth and Form, 1945, Oxford University 
Press; courtesy of Brian T. Shea. 

mali an postnatal pattern of positively allometric growth of 
the face relative to the brain or the relative lengthening of the 
hindlimbs during human ontogeny (see figure). These pat­
terns of shape change result from shifts in the intrinsic and 
extrinsic controls of growth of various body regions, and we 
often discover a reasonable functional basis for these allome­
tries as well. 
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Shape differences between adults of two or more species 
are thus determined to be allometric if they result either from 
the sharing and differential extension of common patterns of 
ontogenetic allometry (see figure), in which case we refer to 

the interspecific pattern as ontogenetic scaling, or from the 
need to maintain equivalence of some functional parameter 
or constraint as size changes (see figure), in which case we re­
fer to the interspecific pattern as biomechanical scaling. 

Allometric investigations are used in at least two impor­
tant ways in studies of adaptation and phylogeny. Some­
times, our focus is on the general scaling relationship itself, as 
reflected in the slope of the regression line relating the two 
variables under consideration; at other times, our primary 

interest is in determining and explaining departures from 
such a best-fit line. Both of these related endeavors can be il­
lustrated by classic analyses of brain/body allometry (see fig­
ure). Broad studies of interspecific scaling of the brain have 
demonstrated an allometric coefficient (regression slope) of 
somewhere between 0.66 and 0.75, or negative allometry. 
These empirical observations have led to important theoret­
ical hypotheses concerning the physiological basis of such a 
pattern. Although these hypotheses have not been fully 
tested, the scaling pattern suggests possible control of brain 
size by body-surface areas, metabolic rates, or certain other 
facrors. The placement of a particular species or group in re­
lation to a general scaling pattern may also be informative, 
as, for example, when American paleoneurologist H. Jerison 
demonstrated that the relatively "peabrained" sauropod di­
nosaurs in fact had brain sizes in the range one would expect 
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for such giant reptiles. In other words, their brain/body ra­
tios fell along an extension of the general allometric relation­
ship for extant reptiles. 

Deviations from such allometric baselines therefore re­
quire examination as possible cases of "special adaptations" 
unrelated to simple body-size differences. The large size of 
our own brain is one such positive deviation from expected 
values for mammals of our overall body size (see figure). An­
other example is the relative length of our hindlimbs: In plots 
of hindlimb length against total size for higher primates, hu­
mans are characterized by strong positive deviations from the 
general trend. This suggests a link to our peculiar pattern of 
bipedal locomotion and the fact that relatively long hind­
limbs are functionally advantageous and not simply the result 
of our generally large size among primates. A third example 
from the human fossil record is the demonstration that the 
characteristic facial and dental proportions of robust austra­
lopiths do not merely reflect shape changes expected to main­
tain functional equivalence at larger overall size, as some have 
previously suggested, but rather apparently indicate divergent 
dietary adaptations, as argued by many others. 

It is intriguing and even ironic that something as obvi­
ous as variation in overall size has proven to be such a pro­
ductive and exciting field of morphological investigation. 
Biologists will continue to probe questions of allometry and 
scaling in morphology, physiology, ecology, and behavior 
and, in the process, increase our understanding of the form, 
function, and evolution of organisms. 

See also Adaptation(s); Bone Biology; Dwarfism; Evolution; 
Functional Morphology; Gigantism; Ontogeny. [B.TS.) 
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bridge: Cambridge University Press. 

Altamira 
Major Ice Age painted cave in northwestern Spain. Discov­
ered in 1879, the famous painted ceiling of standing and ly­
ing bison was once considered a forgery. The polychrome 
red-and-black paintings were made in the Middle Mag­
dalenian phase of the Upper Paleolithic, ca. 13.5 Ka, al­
though there are also earlier Aurignacian bone engravings 
and wall markings, as well as animal engravings from the So­
lutrean, ca. 22 Ka. Excavation in the cave has recovered the 
bones of bison, horse, boar, and deer, in addition to the en­
graved and painted signs, symbols, and animals on the walls 
and ceilings. 

See also Aurignacian; Europe; Magdalenian; Paleolithic Im­
age; Solutrean; Upper Paleolithic. [A.M.) 

Altamura 
Cave site in southeastern Italy at which an apparently com­
plete human skeleton, possibly dating to ca. 400 Ka, was dis­
covered in 1993. Because it is enclosed in a hard calcareous 
matrix, this skeleton has not been fully excavated and 
cleaned. However, it has been described as that of a "prene­
anderthal," although informal reports suggest that it is not of 
typical Neanderthal morphology but comparable to contem­
poraneous "archaic Homo sapienS' (H heidelbergensis). 

See also Archaic Homo sapiens; Europe; Homo heidelber­
gensis; Neanderthal; Preneanderthal. [LT) 

Altiatlasius 
A small primate described by French paleontologist B. Sige 
and collaborators as one of 23 species of the important Adrar 
Mgorn 1 fauna of approximately Late Paleocene age (ca. 
56-55 Ma), from the foot of the Atlas Mountains in the 
Ouarzazate Basin of Morocco. This form, known from 
about ten isolated upper and lower teeth, was comparable in 
size to the Malagasy mouse lemur (50-100 g), and it is sug­
gested by its original describers to be an early branch of the 
Omomyidae. The morphological traits of the molars put 
forward by the describers as evidence of omomyid ties are 
difficult to evaluate in the context of known early eupri­
mates. The large protocone and somewhat bunodont cusps, 
the small conules and the virtual absence of either a nanno­
pithex fold or any other manifestation of a hypocone at least 
on Ml (a topographical designation on the tooth rather than 
a significant homology when comparing disparate groups of 
mammals) are probably primitive traits of the euprimates as 



the describers readily admit. While probably a euprimate, 
Altiatlasius koulchii lacks the characteristic approach of the 
paraconid to the metaconid on M2 in contrast to M j as seen 
in the earliest Holarctic euprimates, or the buccal retraction 
of the paraconid seen in later omomyids such as Omomyi­
nae. Besides the geographic provenance of the genus from 
Africa, the few teeth display no evidence of any sort that 
allows one to link them with the earliest known anthro­
poids. Altiatlasius is best regarded as an enigmatic probable 
euprimate. 

See also Africa, North; Anthropoidea; Euprimates; Omomyi­
dae; Paleocene; Tarsiiformes; Teeth. [ES.S.] 

Further Readings 
Sige, B., Jaeger, J.-J., Sudre, J., and Vianey-Liaud, M. 

(1990) Altiatlasius koulchii n. gen. et sp., primate 
omomyide du Paleocene superieur du Maroc, et les 
origines des euprimates. Palaeontographica Abt. A 
214:31-56. (Partial English translation in Delson, E., 
Tattersall, 1., and Van Couvering, J .A., eds. [1991] Pa­
leoanthropology Annuals, Vol. 1. New York: Garland.) 

Ambrona 
Open-air archaeological site In northern Spain, faunally 
dated to later Middle Pleistocene (late Elster to early Saale), 
ca. 0.4-0.25 Ma. Although briefly surveyed by a Spanish no­
bleman in the late 1800s, Ambrona was scientifically exca­
vated in the 1950s and 1960s by EC. Howell and L. Freeman. 
A nearby "sister" site, Torralba, was further studied in the 
early 1980s. The two sites yielded an Acheulean industry with 
cleavers and a few possible bone and wood tools in association 
with scattered charcoal flecks. The partially articulated skele­
ton of an elephant (Elephas antiquus) and more fragmentary 
remains of other elephants, deer, horses, and aurochs are of­
ten cited as evidence for cooperative hunting of big game by 
Homo erectus, or more likely "archaic Homo sapiens," but 
could also represent some carnivore predation and/or natural 
accumulation. No human remains were recovered. 

See also Acheulean; Archaeological Sites; Cleaver; Early Pa­
leolithic; Economy, Prehistoric; Europe; Fire; Handaxe; 
Man-Land Relationships; Paleolithic Lifeways; Site Types; 
Taphonomy. [A.S.B.] 

Further Reading 
Freeman, L.G. (1994) Toralba and Ambrona: A review of 

discoveries. In R.S. Corrucini and R.L. Ciochon (eds.): 
Integrative Paths to the Past: Paleoanthropological Ad­
vances in Honor of E Clark Howell. Englewood Cliffs, 
N.J.: Prentice Hall, pp. 597-637. 

Americas 
The New World landmass measures 15,000 km from the 
Arctic to Cape Horn, both continents stretching 5,000 km 
across at their widest points. This immense territory (more 
than 42 million km2) covers more than one-quarter of the 
world's habitable surface. 

AMERICAS 

The most impressive physiographic feature in North 
America is the western cordillera, running the length of the 
continent like a gigantic backbone. A more ancient mountain 
chain flanks eastern North America, reaching only half the 
height of its western counterpart. The vast area between the 
Appalachians and the Rockies includes the glaciated Cana­
dian Shield to the north, the Great Plains in midcontinent, 
and the Mississippi Basin to the south. East of the Appalachi­
ans is a coastal plain, relatively narrow in the north but 
widening significantly as it approaches the Gulf of Mexico. 

An equally impressive range of mountains, the Andes, 
runs the full length of the South American continent. Al­
though narrower than the North American cordillera, the 

Andes are much higher, reaching over 7,000 m in places. 
Coastal lowlands, varying in width, border the Andes. The 
uplands of eastern South America are much older than the 
Andes, much more weathered, and considerably lower in el­
evation. The lowland plains of interior South America con­
tain the Orinoco and Amazon drainage basins. 

Primate History 
NORTH AMERICAN EARLY PRIMATES 

The first well-documented faunal assemblages containing pri­
mates occur in the Paleogene of western North America. Al­
though the order may have originated in eastern Asia, fossils 
are rare there throughout the Cenozoic. Numerous localities 
yielding diverse mammalian faunas are known throughout the 
Paleocene and the Eocene of the Rocky Mountain region (then 
mainly lowland tropical forests), and primates are a common 
component of these faunas (see map). Plesiadapiform primates 
are the oldest widespread group, including a variety of archaic 
forms grouped into two superfamilies with five families. 

Purgatorius, the oldest recognized primate, appears at 
the very end of the Mesozoic and continues into the earliest 
Cenozoic, ca. 66-64 Ma. It is usually included in the family 
Paromomyidae, which also includes a number of extremely 
small to small, mainly Paleocene taxa that are among the 
least-derived primates. Most of these are restricted to west­
ern North America, although two genera also occur in west­
ern Europe and the Arctic (Ellesmere Island). Most paro­
momyids were insectivorous, but larger forms, such as the 
speciose and widespread Phenacolemur (which persisted into 
the Middle Eocene), were partly frugivorous. The dentally 
batlike picrodontids were rare nectar feeders restricted to 
western North America and perhaps derived from paro­
momyids. These two families are loosely grouped into the 
superfamily Paromomyoidea. 

A larger range of sizes characterized the Plesiadapoidea, a 
group of three families linked by the development of mitten­
like prongs on the enlarged central upper incisor. The Plesi­
adapidae and the Carpolestidae range from Early Paleocene 
into Early Eocene in the American West, with some plesi­
adapids known also in Europe. Skulls and postcrania of plesi­
adapids are the best known among all the archaic primates, 
documenting a snouty face, the lack of a postorbital bar known 
in all other primates, and a semigrasping foot (presumably re­
lated to primate arboreality). Plesiadapids are known that were 
as large as living marmots or woodchucks, and they ate a variety 
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of vegetable materials. The generally smaller carpolestids are 
known from less-complete remains, but they are characterized 
by an enlarged, bladelike P 4 and enlarged flattened and multi­
cusped p3-4, which probably helped shearing of a fibrous diet. 

By the end of the Paleocene, the first members of the 
modern primates (the euprimates) may have evolved in Asia 
or perhaps in southern North America. Two groups of eupri­
mates appear suddenly, through migration, in North Amer­
ica and Europe at the beginning of the Eocene (ca. 55 Ma): 
the strepsirhine Adapiformes and the haplorhine Omomyi­
dae. The archaic primates soon disappeared, competed into 
extinction not only by later primates but also by the rapidly 
diversifYing rodents. In the American West, the adapiforms 
are represented by the small-to-medium-sized Notharctidae, 
a mainly folivorous group similar in many ways to the living 
lemurs of Madagascar. Four genera of notharctids are known 
by a dozen species ranging into the Middle Eocene, while 
one adapiform of European affinity occurred in the Late 
Eocene of Texas. The generally small omomyids were much 
more diverse and long-lived, with perhaps two dozen mainly 
mono specific genera, placed in the subfamilies Anaptomor­
phinae, Ekgmowechashalinae, and Omomyinae, spanning 
the earliest Eocene to the latest Oligocene. Species range 
from the size of the smallest marmosets up to that of 
medium-bodied monkeys, at least in tooth-row length. Diets 
were similarly varied, with frugivores, folivores, and insecti­
vores among the known species. Most taxa have enlarged 
lower incisors like those of less-derived archaic primates, but 
at least some species had incisors and certain foot bones 
more like those of the ancestral anthropoids. It seems likely 
that the proroanthropoid stock was derived from an 
omomyidlike ancestry. With climatic cooling through the 
Eocene, forested areas decreased in size, and most arboreal 
mammals were forced into competition for limited resources 
in the north or into the smaller geographic space of southern 
North America. Only one omomyid is known in the Late 
Eocene (ca. 36-34 Ma) of Montana, and another from the 
Late Oligocene (ca. 28 Ma) of Oregon and South Dakota 
(possible forest refuges?). 

SOUTH AMERICAN PLATYRRHINES 

Although the probable ancestry of the higher primates, or 
anthropoids, can be traced to near the tarsiiform omomyids, 
the nature of their dispersal into the southern continents is 
less clear. Early anthropoids arrived in South America by the 
Late Oligocene (27 Ma), when Branisella is known from Bo­
livia. The living New World primates, the platyrrhine mon­
keys, are divided here into two families, Cebidae and Atel­
idae, each with a long fossil history. In fact, Branisella can be 
included in the Cebidae, as can the Early Miocene (ca. 20 
Ma) Patagonian Doliehoeebus and Chilean Chileeebus, close 
relatives of the living squirrel monkey, Saimiri. Another 
Early Miocene genus, Tremaeebus, is apparently a relative of 
the living nocturnal owl monkey, Aotus; both forms show en­
largement of the eye sockets typical of nocturnal mammals, 
especially anthropoids. Soriaeebus is probably the oldest 
known pitheciin. In the Middle Miocene (14-12 Ma) La 
Venta fauna of northern Colombia, at least nine genera con-

tinue to demonstrate the early diversification of the platyr­
rhines. Mieodon and perhaps two other taxa are early cal­
litrichines, Neosaimiri is little different from Saimiri, while 
Aotus is represented by an extinct species. Stirtonia is a large 
form close to the modern howler monkey, and three other 
genera represent early members of the atelid subfamily 
Pitheciinae. At least three further distinctive genera are 
known from Holocene deposits on Caribbean islands, sug­
gesting a dispersal through that region from a probable Cen­
tral American source. Two other very large ateline genera are 
known from the Late Pleistocene of eastern Brazil. 

The modern platyrrhines have a wide range of diets, so­
cial behavior, and locomotor adaptations. As in the early pri­
mates, most genera can be distinguished by their dentitions. 
Yet, despite the presence of a widespread plains fauna in 
South America during the Miocene, no platyrrhine became 
terrestrial, in contrast to the multiple adaptations to ground 
life among Old World anthropoids. Instead, all New World 
monkeys are restricted to forested environments, and the 
rapid encroachment of humans on their habitats is driving 
several species toward extinction. 

Humans in the New World 
The New World was discovered at least three times. The 
most celebrated "discovery" is accorded Christopher Colum­
bus, who landed on San Salvador in October 1492. But half 
a millennium earlier, Norsemen from Greenland and Iceland 
had already fished the waters of North America, shipping its 
timber back to their families on tree-barren Greenland. Al­
though the New World adventures of Leif Eriksson were 
duly recorded in Norse epics, scholars debated the existence 
of a Norse New World settlement for nearly a millennium. 
The best archaeological evidence for their presence is at 
L:Anse aux Meadows (Newfoundland). Landing ca. AD 
1020, the Vikings held onto their New World foothold for 
three decades before retreating. When the Vikings arrived at 
L:Anse aux Meadows, they encountered, and thoroughly 
alienated, the true first Americans, whom the Norse called 
seraelings. In fact, the first human footprints on New World 
soil belonged to the Asian people who were to become Amer­
ican Indians and the closely related Eskimo. The Americas 
were "discovered" and then populated from northeastern 
Asia by 20 Ka, perhaps as early as 30 Ka. People migrated 
into this New World as fully evolved Homo sapiens sapiens. 
Human beings did not evolve in the Americas. 

The first Americans brought certain basic cultural skills: 
fire making, flint chipping, and serviceable means of procur­
ing food, shelter, and clothing. These early immigrants must 
also have brought with them the rudiments of kin-group so­
cial organization and beliefs about magic and the supernat­
ural. They certainly possessed forms of human language. 
When Columbus arrived, Native Americans of Alaska, 
Canada, and the U.S. mainland spoke about 2,000 mutually 
unintelligible languages; the linguistic complexity in South 
America was comparable. Although some degree of linguistic 
diversity may have been imported with the earliest New 
World settlers, much of the linguistic evolution took place as 
Native Americans adapted to their new environment. 
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Selected North American fossil primate localities from Early Paleocene to Late Oligocene; inset 
shows sites east of the Mississippi. Age and included taxa are indicated according to the key at 
right. 

* Middle-Late Paleocene - Plesiadapiformes 

• Early Eocene - Plesiadapiformes, Adapidae 

® Early Eocene - Plesiadapiformes, Adapidae, 

PALEOINDIAN OCCUPATIONS 

The earliest well-defined archaeological assemblages in the 
Americas are termed Paleo indian, the earliest of which is the 
Clovis complex, dating sometime between 12 and 11 Ka. 
Despite decades of concerted research, no undisputed evi­
dence of a pre-Clovis presence has been uncovered anywhere 
in the Western Hemisphere. But whether the Paleo indians 
were actually the First Americans is not known. Most arche­
ologists still agree that the first Americans traveled from Asia 
sometime during the Late Pleisrocene. Biology and language 
point to an Asian homeland; it is the timing and conditions 
surrounding their arrival that remain unknown. A few arche­
ologists have suggested that the morphology and artifacts of 
the first Americans suggest very generalized, even Paleo­
Eurasian or European ancestry rather than close relation­
ships to East Asian ancestors. 

Considerable nonarchaeological evidence also supports 
this position. In the 1980s, J. Greenberg's reanalysis of Amer-

Anaptomorphinae 

o Middle Eocene - Adapidae, Microchoerinae 

• Late Eocene - Adapidae, Microchoerinae 

[8:J Early-Late Eocene - Adapidae, Microchoerinae 

�~� ?Late Eocene - Adapidae 

ican Indian languages postulates three waves of migrants into 
the New World. This linguistic interpretation indicates that 
the earliest wave of migration took place ca. 12 Ka; they were 
the people of the Clovis complex. Independent correlations 
of dental traits and evidence from molecular biology can also 
be cited in support of the Clovis-first hypothesis. 

But considerable controversy surrounds Greenberg's 
broad-brush linguistic reconstructions, and numerous skep­
tics question the relevance of the dental and genetic testi­
mony relating to the first Americans. And, although still 
controversial, archaeological evidence is emerging from a 
number of sites suggesting that people arrived considerably 
before the well-documented Clovis complex. Many modern 
archaeologists have begun to acknowledge that people could 
readily have arrived in the New World as early as 40 Ka. 

Numerous sites throughout North and South America 
offer tantalizing suggestions of pre-Clovis occupations, but 
none provides iron-clad proof acceptable to all archaeolo-
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Selected South American fossil primate localities from Late Oligocene to Holocene. Age and included taxa are indicated according to the following key: 

* Late Pleistocene «100 Ka) - Atelinae 

+ Late Miocene (ca. 10-6 Ma) - ?Atelinae, ?Cebinae 

• Early Middle Miocene (15-13 Ma) - Atelinae, 
?Callitrichinae, Cebinae, Pitheciinae 

[!] Earliest Middle Miocene (16-15 Ma) - new genus 

• Late Early Miocene (16.5 Ma) - Pitheciinae 

'-' Mid Early Miocene (20-18 Ma) - Cebinae, 
\::/ Pitheciinae 

• Late Oligocene (27 Ma) - Branisellinae 
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* Late Pleistoceoe «t 00 Ka) - Atelinae 

• Late EaJly Mooceoel16.5 Ma) - P,thed,nae 
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). 

Caribbean fossil primate localities, all apparently of Holocene age, except Domo de Zaza (Miocene). Taxa located as follows: Cueva de Mono Fosil, 
Paralouatta; Long Mile Cave (and neighboring Sheep Pen cave, not shown) and Jackson's Bay sites, Xcnothrix; Cueva de Berna and perhaps Trou Sa 
Wo and Samana Bay, Antillothrix; Coco Ree and Domo de Zaza, postcrania of uncertain identification. 

gists. Some of the best evidence derives from excavations at 
Meadowcroft Shelter, a remarkably well-stratified site in 
southwestern Pennsylvania. ]. Adovasio and his colleagues 
have documented a sequence of more than 40 radiocarbon 
dates, in near perfect stratigraphic order. The oldest cultural 
date is now thought to be slightly older than 15.9 Ka, and 
the oldest stone artifacts appear to date between 12.8 and 
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Selected North American archaeological sites. Age indicated by symbols as 
follows: Pre-Clovis. (35-13 Ka); Paleoindian. (13-9 Ka); Viking"" 
landing (ca. AD 1000); Postclassic .... Note: Cactus Hill site, not shown 
here, is located just below 'a' in 'Meadowcroft: 

11.3 Ka. Evidence for early human occupation consists of 
occupation floors containing firepits, prismatic blades, bi­
face-thinning flakes, flake knives, a wooden foreshaft, a piece 
of plaited basketry, and two human bone fragments. 

Although many archaeologists consider the evidence 
from Meadowcroft to be conclusive, others remain uncon­
vinced. The stone implements are rare, small, and relatively 
uninformative; they are disturbingly similar to much later 
artifacts. Extinct Pleistocene megafauna is surprisingly ab­
sent from the deposits, and the temperate character of the 
vegetation throughout the Meadowcroft sequence also seems 
anomalous, since, during a part of this time, the ice front 
should have been less than 75 km to the north. In 1998, 
however, new evidence from Cactus Hill near Pieters­
burg, VA, indicated a pre-Clovis horizon comparable to that 
at Meadowcroft with radiocarbon dates on charcoal of 
15-16 Ka . 

Another leading pre-Clovis candidate is Monte Verde, 
an open-air residential site in southern Chile. Excavator T. 
Dillehay and his colleagues have encountered four distinct 
zones of buried cultural remains. Nearly one dozen house 
foundations and fallen pole-frames of residential huts have 
been excavated, and fragments of skin (perhaps mastodon) 
still cling to the poles. Abundant botanical remains are asso­
ciated with the archaeological deposits, as well as numerous 
shaped stone tools, including several grooved bola stones. 

Dillehay argues that the upper layers contain "well­
preserved and clear, conclusive evidence" of a human pres­
ence ca. 13 Ka. Even more controversial are the deep layers at 
Monte Verde that have produced two radiocarbon dates of 
33 Ka, associated with possible cultural features and several 
fractured stones. 
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Not only do these controversial data suggest an earlier 
human presence in the New World, but their interpretation 
likewise theorizes that the earliest Americans did not employ 
the sophisticated big-game-hunting Clovis complex with its 
elegantly fashioned stone tools. The plant and animal remains 
from Monte Verde suggest a forest-adapted economy based 
primarily on the collection of wild plant foods and shellfish; 
only secondarily did the people rely on the scavenging and/or 
hunting of slow-moving game, paleollama, or mastodon. 

Another candidate for pre-Clovis occupation in South 
America is the cave of Pedra Furada in Brazil. While ca. 12-11 
Ka occupations are well documented both at this site and at 
the cave of Pedra Pintada (Brazil), the evidence for earlier oc­
cupation has been disputed. For Pedra Furada, the dispute 
concerns whether the charcoal and/or the "artifacts" result 
from human activities or natural processes. 

Despite such evidence from Meadowcroft, Monte 
Verde, and numerous other sites, we have no unequivocal, 
indisputable archaeological documentation of a pre-Clovis 
occupation in the New World. The Clovis culture was firmly 
established in North America prior to 12 Ka. This wide­
spread complex spans the width of North America and can 
be traced from northern Alaska to Guatemala. The Clovis, or 
Llano, complex comprises the oldest well-dated cultural ma­
terial with clearly established association of humans and ani­
mals in North America. These sites, which lack established 
cultural antecedents, often contain choppers, cutting tools, a 
variety of bone tools, and (very rarely) milling stones, in ad­
dition to the diagnostic Clovis fluted points. 

Despite technological similarities, the Paleoindian life­
way in eastern North America differed from the big-game­
hunting pattern evident on the Plains. By 12 Ka, the floral 
and faunal resources in the Ohio Valley and far north into 
Wisconsin, Michigan, and Ontario were adequate to sup­
port scattered bands of hunters. Animal bones found in asso­
ciation with these Paleo indian sites are usually woodland 
caribou. Eastern Paleo indians concentrated their efforts on 
river-valley resources, in effect earning a head start toward 
the highly efficient gathering economies usually associated 
with later archaic periods. 

Similar early hunting adaptations can be traced in South 
America. The diagnostic artifact of this tradition, fish-tail 
projectile points from El Inga and elsewhere, resembles the 
Clovis-derived points of North America. Established largely 
in Andean South America, this early hunting tradition 
spread to the southern tip of the continent and eastward into 
the Atgentine Plains. Between 13 and 12 Ka, people in Cen­
tral Colombia and southern Chile were collecting plants and 
hunting small game; there is no definite evidence that they 
hunted mastodons, as did contemporary El Jobo people in 
northern Venezuela. In southern Patagonia, people hunted 
horses and ground sloths ca. 11 Ka, but there is no evidence 
that people in Central and northern Brazil ever hunted such 
megamammals. 

Later Developments 
As the climate ameliorated, and an ever-thickening forest 
barrier formed between periglacial tundra and the temperate 
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Selected South American archaeological sites. Age indicated by symbols as 
follows: Pre-Clovis. (35-13 Ka); Paleoindian. 03-9 Ka}; 
Postclassic •. 

grasslands, different cultural orientations formed. In the far 
north, this archaic stage is a generalized, primary response to 
forest conditions emerging during this period of flux. Al­
though this tradition arose from a Paleoindian substratum 
of big-game hunting, a series of regional modifications 
emerged. Caribou hunting remained the primary economic 
activity on the northern fringes of the forest, but to the south 
other large species (elk, moose, and deer) became mainstays. 
The regional density of seasonal hunting camps and more 
permanent settlements increased; migratory patterns in­
volved smaller areas; and groups became increasingly sed­
entary. As a result, technological capacities improved and 
intensified. 

In South America, the early hunting tradition gave rise 
to an Andean archaic pattern, a cultural tradition in which 
subsistence was provided by hunting deer and camelids and 
by collecting vegetable foods. A hallmark of this tradition 
was seasonal transhumance, shifting community residence 
as people pursued either highland hunting or coastal-low­
land collecting. A distinctive tradition also developed along 
the Peruvian and Chilean coasts, where seasonal collecting 
camps began to be replaced by permanent villages whose in­
habitants depended primarily upon marine foods, al­
though, in Peru, plant gathering remained an important 



economic activity and provided the basis for the evolution 
of agriculture. 

This full archaic stage of cultural development is evi­
dent throughout the New World, in general beginning with 
the climatic optimum, ca. 7 Ka and lasting in some places 
until 4 Ka. Pottery is found in a number of archaic-stage cul­
tures, as among the Valdivia tradition in northwestern South 
America and the late archaic fiber-tempered ceramics in the 
southeastern United States. There are, of course, continu­
ities of this stage into historic times in both North and South 
America, as, for example, in the later cultures of the Califor­
nia coast and the Northwest coast. 

Throughout the archaic in Central and South America, 
interrelated developments ultimately brought about the 
emergence of settled village life based on full-time farming. 
Native American population grew beyond the limits that 
could be supported by a hunting-gathering economy. Under 
human selection, certain plants, notably maize, became 
larger and more productive, and it became increasingly cost­
effective to clear away the wild vegetation in order to plant 
crops. As crops contributed more to the human diet, com­
munities became increasingly sedentary. Improved farming 
technology increased productivity still further, and settle­
ment patterns began to select for agricultural needs rather 
than for hunting and foraging. 

The term Formative (or Preclassic) commonly designates 
the threshold of subsistence agriculture in the traditions of 
Mesoamerica, the American Southwest, the Mississippian, 
the Great Plains, and the Eastern Woodlands. In South 
America, this stage includes similar traditions in Peru, the 
South Andes, the Caribbean, and Amazonia. Of these, the 
latter two featured manioc (cassava) cultivation; all others 
were primarily maize based. In general, the Formative stage 
dates from ca. 4 Ka into the historic period (after AD 1600). 

In Mesoamerica and Peru, the criterion of settled urban 
life is used to define a Classic stage, beginning about the 
opening of the Christian era. Regional expressions of the 
Mesoamerican Classic include Teotihuacan (Valley of Mex­
ico), the Zapotec culture (Oaxaca), and the Maya (Guate­
malan highlands and Yucatan lowlands). Classic Andean cul­
tures include the Mochica and the Nazca kingdoms. How far 
the Classic can be extended into other areas is debatable, but 
it probably applies to the cultures of the Ecuadorian coast 
after 1 Ka. 

The Postclassic is an epiphenomenon of the Classic, char­
acterized by developments in urban living, an increase in 
large-scale warfare and empire building, and secularization of 
political control, in contrast to previously religious leadership. 
In Mesoamerica, the Postclassic began with the fall of the city 
ofTeotihuacan (AD 730) and the rise of the militaristic Toltec 
empire and continued through the Aztec society encountered 
by the Spanish explorer Cortes in the sixteenth century AD. In 
Peru, this chronology corresponds to the time when the 
Tiahuanaco-Huari empire overran the Moche and the Nazca 
ca. 600 AD. 

See also Adapiformes; Anaptomorphinae; Anthropoidea; 
Atelidae; Atelinae; Blackwater Draw; Branisellinae; Calico 
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Amino-Acid Dating 
A dating technique based on the rate of protein decomposi­
tion in mineralized tissues. Amino-acid geochronometry is 
an independent means to date organic material of Middle­
to-Late Pleistocene age. The technique depends on the post­
mortem racemization (random breakdown and reassembly) 
of the amino acids that make up the proteins in shell and 
bone. Amino acids are asymmetric organic crystals that all 
life-forms synthesize exclusively in the L (levorotary) isomer, 
meaning the form that rotates polarized light to the left, 
rather than the right-handed D (dextrorotary) isomer. After 
death, however, the bonds holding the amino acids together 
break down under the influence of water (hydtolysis), and 
the liberated amino acids begin to invert spontaneously and 
reversibly between the Land D isomers, about a single piv­
otal carbon atom. By the law of averages, this leads to a grad­
ual increase in the proportion of the D-form over time, in a 
process known as racemization. Amino acids have been 
found preserved in shell and bone as old as the Creta­
ceous (135-65 Ka), but full racemization is usually attained, 
with stable D/L ratios near 1.0, by the time a sample is 1.0 
Myrold. 

In the special case of isoleucine, two pivotal carbons are 
present. Epimerization, or inversion about the alpha-carbon, 
results in the formation of D-alloisoleucene, which is not the 
mirror image of L-isoleucine but a separate amino acid. The 
reversible epimerization reaction progresses to an equilib­
rium D/L ratio of ca. 1.3, and the ease with which the struc­
tural difference of the two compounds can be resolved 
makes them a favorite tool of amino-acid dating. 

Rates of racemization and epimerization are both 
strongly influenced by water and temperature, and epimeriza­
tion rates vary by source taxon as well. The uncertainty intro­
duced by uncontrolled short-term environmental changes, 
even in relatively well-insulated environments, tends to make 
"absolute" year-ages based solely on D/L ratios unreliable. 
Since the trends in climate, however variable, are nonetheless 
parallel over a wide area, samples that have the same degree of 
racemization will be close in age. As an example, amino-acid 
dating of fossil land snails is used with considerable success in 
time-correlation of the loess formations of Central Europe. 

Amino-acid ratios can be used for "absolute" age deter­
minations for Pleistocene levels down to the Brunhes­
Matutyama boundary (0.78 Ma), with certain materials. Lo­
cal groundwater leaching has strong and unpredictable 
effects on the racemization rate in porous biominerals such 
as bone and most mollusc and eggshell, but it is not as influ­
ential in nacreous (laminated) mollusc shells and least of all 
in the eggshell of ratites (ostrich, emu, rhea, cassowary, moa, 
elephant-bird). In such materials, long-term temperature 
trends are the only significant external influence on racem­
ization rates. This can be factored out by radiocarbon cali­
bration of D/L ratios in younger shell material. From 
the dated ratios, a correction curve can be projected into 
much older levels to give age values to more highly racemized 
samples. 

Relatively reliable dates have been achieved through analy­
sis of eggshells dating to the later Pleistocene before the glacial 
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Three-dimensional representation of aspartic acid· A. L-aspartic acid; B. 
D-aspartic acid, resulting from detachment of the hydrogen atom on 
carbon 12 and its subsequent reattachment in a different position. From 
D. von Endt (1979). Techniques of amino acid dating. In R.L. 
Humphrey and D. Stanford. (eds.): Pre-Llano Cultures of the 
Americas: Paradoxes and Possibilities. Courtesy of the Anthropological 
Society of Washington. 

maximum (ca. 35-20 Ka) by both radiocarbon and amino-acid 
dating. These results are then used to calibrate the ages of shells 
from the same or nearby sites that are up to two to three times 
the age of the calibration sample. The technique is particularly 
useful for sites in the time range between 200 and 40 Ka. The 
use of ostrich eggshells by prehistoric peoples for both orna­
mental and utilitarian functions (e.g., as water carriers) adds to 
the potential value of this technique in archaeological sites. 

See also Geochronometry; Radiocarbon Dating; Radiomet­
ric Dating. [A.S.B., JA.V.C.l 

Further Readings 
Bowen, D.Q., Hughes,S., Sykes, G.A., and Miller, G.H. 

(1989) Land-sea correlations in the Pleistocene based 
on isoleucine epimerization in non-marine molluscs. 
Nature 340:49-51. 

Brooks, A.s., Hare, P.E., Kokis, J., Miller, G.H., Ernst, 
R.D., and Wendorf, F. (1990) Dating Pleistocene ar­
chaeological sites by protein diagenesis in ostrich 
eggshell. Science 248:60-64. 

Murray-Wallace, c.v. (1993) A review of the application of 
the amino acid racemisation reaction to archaeological 
dating. Artefact (Australia) 16: 19-26. 

Rutter, N.W, and Blackwell, B. (1995) Amino acid racem­
ization dating. In N.W Rutter and N.R. Catto (eds.): 
Dating Methods for Quaternary Deposits, pp. 125-
166. St. Johns, Newfoundland: Geol. Soc. Canada, 
Geotext 2. 

Amud Cave 
Israeli site excavated in the 1960s and the 1990s from which a 
large adult male Neanderthal and a neonate have been recov­
ered in Level B. The adult Neanderthal is particularly tall (esti­
mated stature ca. 179 em), with a large cranial capacity (ca. 



Lateral and ftontal views o/the Amud 1 skull. Scale is 1 em. 

1,740 ml) but relatively small teeth and a mandible with a 
slight chin development. Preliminary descriptions of the lithic 
industry indicate affinities with the Tabun B variant of the 
Levantine Mousterian. Dating of this site has been plagued by 
intrusive pits from more recent archaeological cultures. Re­
cent electron spin resonance assays date Amud B to 41.5 Ka. 

See also Asia, Western; Mousterian; Neanderthals. [CB.5., 

J.J.S.J 

Amudian 
Old name for a Late Paleolithic blade industry of the Levant 
(Israel, Syria, Lebanon), comparable with the Pre-Aurigna­
cian. It was once dated to the end of the last interglacial (ca. 
100 Ka) on stratigraphic grounds, but more recent radiomet­
ric ages have suggested dates in the range of 300-250 Ka. 
The Amudian was defined on the basis of Amud Level B but 
was better known from Tabun and the Abri Zumoffen, 
where it was followed by a Jabrudian industry. Characteristic 
forms included blades with backing or "nibbled" retouch, 
burins, chamfered blades, and Levalloiso-Mousterian deb­
itage, in contrast to the blade cores and Aurignacian-like car­
inate scrapers of the Pre-Aurignacian. It is now included in 
the Mugharan tradition. 

See also Amud Cave; Jabrudian; Late Paleolithic; Middle Pa­
leolithic; Modern Human Origins; Mugharan; Pre-Aurigna­
cian; Stone-Tool Making; Tabun. [A.S.B] 

Anaptomorphinae 
Subfamily of omomyids primarily known from North 
America and rarely Europe (Teilhardina) in the Eocene, but 
possibly also from the Late Paleocene of Asia (Altanius may 
be a primitive representative). Anaptomorphines, which are 
less diverse morphologically than the omomyines, mainly 
occur in the Early to Middle Eocene of North America and 
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the Early Eocene of Europe. In general, the diagnostic com­
bination of dental characters that may have been present in 
the last common ancestor of this subfamily (very likely to be 
the same for the family) appears to be a postprotocone fold 
on the upper molars coupled with a well-inflated base of the 
trigonid cusps on the lower molars. Anaptomorphines may 
be among the oldest known representatives of the family, 
and, based on some features of the earliest species included 
in this group, they may represent an earlier radiation of the 
tarsiiforms rather than the slightly younger diversification of 
the Omomyinae and Microchoerinae. It is also possible, of 
course, that equally ancient representatives of the omomy­
ines simply have not been recovered as yet. Known strati­
graphic precedence of a group before others does not auto­
matically mean ancestor-descendant relationships, as some 
extreme practitioners of stratophenetics would imply in 
their work. 

Anaptomorphines are classified into several tribes, but, 
with the exception of Teilhardinini that may represent the 
stem group for the subfamily, the precise relationship of the 
remaining tribes (Tetoniini, Trogolemurini, Anaptomor­
phini, and Altaniini) is difficult to contemplate on dental 
evidence alone. 

The best-known and only undoubted teilhardinin is 
Teilhardina belgica from the Sparnacian (Early Eocene) of 
Europe, in many ways a good structural (if not actual) ances­
tor for the known Euroamerican members of the whole fam­
ily. These small anaptomorphines retain the primitive eupri­
mate dental formula of two incisors and a full complement 
of teeth behind them. The small incisors and sizable canines 
of Teilhardina are in sharp contrast to the earliest North 
American samples of Anemorhysis (which have been mistak­
enly called Teilhardina). Anemorhysis, Arapahovius, Trogole­
mur, Tetonius, and Absarokius share the enlargement (to 
varying degrees) of the lower central incisors to form a kind 
of robust spoon, along with the reduction of the relative size 
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Upper and lower dentition of Teton ius homunculus. Scale is 1 mm. 
Courtesy of Frederick S. Szalay, foom Szalay and Delson, 1979. 

of the canines. It is this combination of characters that could 
diagnose the last common ancestor of the primarily Early 
Eocene (Wasatchian) anaptomorphines of North America 
vs. the European Teilhardinini. 

The tribe Trogolemurini includes its type genus, the 
poorly known but fascinating small Trogolemur, recognized 
primarily from a deep and short lower jaw. Trogolemurwas an 
animal whose estimated skull length (based on the jaw) was 
only ca. 2 cm. It had a relatively longer third lower molar 
than other anaptomorphines except Altanius, and it had an 
enormously enlarged central incisor, known, unfortunately, 
only from its root reaching under the molars. Gum and resins 
(scraped with the large incisors), nectar, and insects were the 
possible fare in this animal's diet. The older, possibly ances­
tral, Anemorhysis was probably primarily insectivorous, and 
the enlargement of incisors suggests possible exudate scrap­
ing habits. The highly wrinkled molars of the small, closely 
related Arapahovius suggest a possible specialization for nec­
tar and gum or other resins, with insects perhaps being the 
bulk of the diet. 

The somewhat larger Tetonius and Absarokius probably 
represent successful and probably speciose small radiations. 
Given their primitive tetoniin, but not anaptomorphin, in­
cisor enlargement and their increasingly tall fourth premo­
lars and relatively low and robust molars, they may have been 
adapted to a particular form of frugivory. This type of diet 
may have required an increasing reliance on crunching open 
hard fruits and nuts or perhaps hard seeds. 

l em 

Reconstructed skull of the North American early Eocene 
tnaptomporphine omomyidTetonius homunculus. Courtesy of 
r:rederick S. Szalay, foom Szalay and Delson, 1979. 

The Middle Eocene (Bridgerian) genus Anaptomorphus 
was perhaps the shortest-faced omomyid (all of which have 
an abbreviated muzzle) known, and it lacked the enlarged in­
cisors of the tetoniins; this may well represent a phylogenetic 
reversal from a tetoniin rather than from a teilhardinin, as 
the canine in the known jaws is relatively small. This genus 
was probably composed of primarily fruit eaters, although 
its species undoubtedly consumed their fair share of insects 
as most small frugivores do. 

Three poorly known genera are difficult to place within 
any of the recognized tribes: Chlororhysis from the Early 
Eocene of North America, the Early-to-Middle Eocene Pak­
istani Kohatius, and the Late Paleocene-Early Eocene Mon­
golian Altanius. Kohatius, known only by three fragmentary 
specimens, is barely identifiable as a small euprimate. Altiat­
lasius is also problematic-it may not be an omomyid. 

As fat as we can tell from the isolated but securely allocated 
postcranial remains of anaptomorphines (mostly foot bones 
and some upper arm bones), these small primates were not par­
ticularly different ftom such postcranially better known taxa as 
the omomyine Hemiacodon or Shoshonius. One important dif­
ference in the only good described skull of the anaptomorphine 
Tetonius from those of the omomyines Shoshonius (not a tarsiid) 
and Rooneyia lies in the construction of the region behind the 
ear, the petromastoid extension of the petrosal bone. In anapto­
morphines and microchoerines, this part of the skull is greatly 
inflated; the bone is a huge latticework of small air cells. This 
highly evolved condition is in sharp contrast to that seen in 
Shoshonius, Rooneyia, and the living tarsiers, which have a less 
elaborate, and perhaps, therefore, more primitive, uninflated 
petromastoid section of the petrosal bone. 



As there are so many genera in this subfamily, not all can 
be mentioned, so temporal and geographic ranges are given 
here. 

Subfamily Anaptomorphinae 
Tribe Teilhardinini 

t Teilhardina (E. Eoc.; Eur.) 
Tribe Trogolemurini 

t Trogolemur (M. Eoc.; NA.) 
t Anemorhysis (including t Tetonoides 

and t Uintalacus; E. Eoc.;NA.) 
tArapahovius (E. Eoc.; NA.) 

Tribe Tetoniini 
t Tetonius (including t Pseudotetonius 

and t Mckennamorphus; E. Eoc.; NA.) 
t Absarokius (including t Aycrossia 

and t Strigorhysis; E.-M. Eoc.;NA.) 
Tribe Anaptomorphini 

t Anaptomorphus (including t Gazinius; M. 
Eoc.; NA.) 

Tribe Altaniini (new) 
t Altanius (L. Paleo.-E. Eoc.; As.) 

Subfamily Anaptomorphinae incertae sedis 
t Tatmanius (E. Eoc.; NA.) 
t Steinius (E. Eoc.; NA.) 
t Chlororhysis (E. Eoc.; NA.) 
t Sphacorhysis (E. Eoc.; NA.) 
t Kohatius (M. Eoc.; As.) 

As. = Asia; Eur. = Europe; NA. = North America. 

See also Microchoerinae; Omomyidae; Omomyinae; 
Shoshonius; Skull; Stratophenetics; Tarsiidae; Tarsiiformes; 
Teeth. [ES.S.] 

Further Readings 
Bown, T.M., and Rose, K.D. (1987) Patterns of dental evo­

lution in Early Eocene anaptomorphine primates 
(Omomyidae) from the Bighorn Basin, Wyoming. J. 
Paleontol., Suppl. 5, Mem. 23. 

Szalay, E 5., and Delson, E. (1979) Evolutionary History of 
the Primates. New York: Academic. 

Angles-sur-I' Anglin 
Magdalenian III rock shelter, dated ca. 14.2 Ka, in the Vi­
enne region of France. It has yielded bas-reliefs of bison, 
horse, ibex, chamois, lion, and four large human female tor­
sos depicting the stomach, navel, and deeply incised vulvas. 
One of the females is carved upon the bas-relief of a bison, 
suggesting a symbolic relation between the two. The site re­
mains to be fully published. 

See also Late Paleolithic; Magdalenian; Paleolithic Image. 
[A.M.] 

Further Readings 
Saint-Mathurin, S. de. (1978) Les 'Venus' parietals et mo­

bilieres du Magdalenien d'Angles-sur-Anglin. Antiqui­
tes Nationales 10: 15-22. 

ANKARAPITHECUS 

Ankarapithecus 
A Late Miocene West Asian fossil ape, probably related to the 
orangutan. Ankarapithecus was first reported in 1957 from 
the site of Sinap Tepe, near the village of Yassioren, western 
Turkey, in beds that were later named the Sinap Formation. 
Recent studies have documented an age of 9.8 Ma by paleo­
magnetic correlation. The type specimen of A. meteai is a 
fragment of a large mandible. As it was little different mor­
phologically from Siwalik fossil jaws, most researchers have 
considered the taxon as a species of Sivapithecus. In 1980, a 
partial maxilla and lower face found at Sinap Tepe was de­
scribed as having the distinctive nasopalatine configuration 
of Pongo, an interpretation that was supported by the later 
description of a more complete face of Sivapithecu5 from 
Pakistan. In the mid-1990s, a third specimen was recovered 
from the same Turkish site, this time preserving even more of 
the face than the Siwalik individual. The upper face of the 
new Turkish individual is more conservative than that of 
Sivapithecus in presenting a relatively wider interorbital re­
gion and a better-developed brow ridge and glabella, and the 
orbit is less ovoid. Moreover, recent cleaning has revealed 
that the nasopalatine architecture of the first palate is more 
like that of a (conservative) gorilla than an orangutan. Over­
all, this suggests that Ankarapithecus may represent a less­
derived member of the orangutan lineage than Sivapithecus, 
perhaps documenting an earlier stage in its evolution (al­
though the known fossils are too young to be part of an ac­
tual ancestral population). Another possibility is that this 
taxon is (also?) related to the ancestry of Dryopithecus. 

See also Ape; Dryopithecus; Hominidae; Ponginae; Siva­
pithecus; Siwaliks. [E.D.] 

Right lateral view offoee and mandible of partial fomale skull of 
Ankarapithecus meteai; scale bar = 2 em. Courtesy of Dr. Berna 
Alpagut and the Museum of Anatolian Civilization. 
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Face of male Ankarapithecus mctcai from late Miocene deposits at Sinap. Left, frontal view showing the nasal aperture and the lower outline of the 
right orbit and zygomatic process; right, occlusal view, showing the foil dentition. Courtesy of Peter Andrews. 

Further Readings 
Alpagut, B., Andrews, P., Fortelius, M., Kappelman, J., 

Temiszoy, I., Celebi, H., and Lindsay, W. (1996) A 
new specimen of Ankarapithecus meteai from the Sinap 
Formation of central Anatolia. Nature 382:349-351. 

Begun, D.R., and Giilec, E. (1998) Restoration of the type 
and palate of Ankarapithecus meteai:Taxonomic and 
phylogenetic implications. Am. J. Phys. Anthropol. 
105:279-314. 

Antelian 
Old term for Late Paleolithic industries of the Levant 
(Neuville Stages I-V), sometimes referred in part to the Auri­
gnacian and represented at Ksar 'Akil (Wadi Antelias) in 
Lebanon, Jabrud Shelter III in Syria, and Mugharet el-Wad 
(Mount Carmel) in Israel. The industry was separated into a 
lower phase, with more Mousterian forms and Emireh 
points, and an upper phase, with Font-Yves points, nose­
ended scrapers, and busked burins but fewer Mousterian 
types. The earlier phase is now regarded as a late development 
of the Mousterian, while the later phase is more commonly 
referred to as the Levantine Aurignacian. 

See also Aurignacian; Emiran; Jabrud; Late Paleolithic; 
Mousterian; Stone-Tool Making; Upper Paleolithic. [A.S.B.] 

Anteneanderthal 
Term French workers use to identifY European fossils that 
date from before the time that true Neanderthals appeared. 
The term is sometimes used distinctly from preneanderthal, 
which carries more connotations of direct ancestry. Never­
theless, many workers believe that anteneanderthals, such as 
the Mauer, Arago, and Atapuerca specimens, do represent 
probable ancestors for the Neanderthals. 

See also Archaic Homo sapiens; Neanderthals. [e.B.S.] 

Anthropogene 
Final period and era of the Cenozoic in some usages, but not 
in this volume. It was formerly widely used, primarily in the 
former Soviet bloc, as a substitute for Quaternary when Pale­
ogene and Neogene were substituted for Tertiary. While the 
term takes its meaning from the geological range of human­
ity, it cannot, as a standard chronostratigraphic unit, be de­
fined on this ground. (The lack of agreement on the mean­
ing of the term humanity would be another impediment.) 
The definition of Anthropogene, just as Quaternary, must 
be fixed in the chronostratigraphic hierarchy by the base of 
the Pleistocene epoch. In recent years, this has been estab­
lished in the uppermost Olduvai Subchron, equivalent to 
isotope stage 64, at 1.8 Ma. Formerly, and for many years, 
Soviet workers placed the beginning of the Anthropogene at 
the level, ca. 0.9 Ma, when continental glaciation began in 
western Eurasia, followed by the earliest evidence of genus 
Homo in that region. The present revised base, as it happens, 
is approximately coincident with the earliest well-known 
Homo erectus in East Mrica. 

See also Homo; Pleistocene; Quaternary. U .A.v.e.] 

Further Readings 
Nikiforova, I. (1996) N/Q boundary in the western 

e.S.S.R. In J.A. Van Couvering (ed.): The Pleistocene 
Boundary and the Beginning of the Quaternary. Cam­
bridge: Cambridge University Press. 

Anthropoidea 
Higher primates, including platyrrhine (also called ateloid or 
previously ceboid) monkeys of the New World, and the ca-



tarrhine monkeys, apes, and humans of the Old World. Pre­
viously ranked taxonomically as a suborder of primates, they 
are here placed at the next lowest rank, hyporder, to retain 
subordinal rank for Haplorhini (including Anthropoidea 
and Tarsiiformes) and Strepsirhini. Anthropoids are the 
most successful surviors of the three major extant lineages of 
primates originating long ago in the Early Tertiary. The 
once-flourishing tarsiiform group is now represented by a 
single tiny genus, Tarsius, in the remote evolmionary ompost 
of the Philippines and Indonesia, and the remaining lemur­
loris strepsirhines of Madagascar, mainland Africa, and the 
Indian subcontinent are far less diverse than the anthro­
poids, taxonomically and adaptively. How the larger-bodied 
members of the strepsirhines and anthropoids would have 
compared during the Pleistocene, however, is another mat­
ter: We are only beginning to learn how many and what 
kinds suffered extinction as human populations expanded 
into their habitats in all areas of the world. 

Geographical Background 
The success of the anthropoids has been influenced by geog­
raphy in a number of ways. Their history unfolded in two 
distinct theaters, in South America and in Afro-Eurasia­
one large in area and the other relatively restricted. The oc­
cupation of four continents across two hemispheres makes 
their total areal disrribmion large. As a consequence, there 
have been many and varied opportunities for differentiation 
within and between regions, even to the extent of abandon­
ing the tropical and subtropical habitats fundamental to the 
evolution of the order. Episodic mountain building, eustatic 
changes in sea level, continental collisions, and climatic gra-

ANTHROPOIDEA 

dations have all contributed to the complex development 
and composition of the Old World faunas, which span an 
enormous part of the globe. For the platyrrhines, in contrast, 
continental quarantine has been a predominant long-term 
macroevolutionary factor, with but a few notable caveats. 

The geographical separation of platyrrhines and ca­
tarrhines is a fundamental feature of the primate radiation, 
one about which we know little due to lack of fossils. It has 
been in effect ever since their common ancestral stock, wher­
ever it lived, split into two or more lineages. The timing of 
this separation is important, for after the original ateloids be­
came established in South America the oceans blocked or 
strongly filtered all primate migrations into or out of the 
continent until the Panamanian isthmus arose ca. 3 Ma. 
Thus, platyrrhines were permanently insulated from compe­
tition with nonplatyrrhine primates, at least for 27 Myr and 
perhaps for as long as 40 Myr. The complexion and balance 
of the current platyrrhine fauna may, therefore, reflect a ho­
mogeneity achieved over many epochs. One of the pressing 
questions is whether the living forms are samples of the first 
and only platyrrhine radiation or of a successor to an earlier 
division that was replaced. Some fossil evidence suggests that 
a significant degree of taxonomic and morphological stasis 
occurred among the ateloids, and this may reflect a general 
macroevolutionary pattern related to continental insularity. 

The Old World situation presents a contrasting geogra­
phy. There continents were less isolated from one another. 
Faunal turnovers were probably more common, as Africa, 
Europe, and Asia shifted their respective positions and 
points of contact, mixing their occupants. Their paleodistri­
bmion maps of extinct genera cross today's continental 

NWM OWM OWA 
Genera 15-16 15-19 5-6 

EXTANT I (1-2) (6) (3) 

Species 50-55 75-80 10-13 

Genera 20-22 12-15 16-21 EXTINCTI 

Faces of platyrrhine and catarrhine monkeys, suggesting the similarities and diffirences of their cranial and focial structures, after A. H. Schultz, The 
Life of Primates. Universe Books, 1969. The table shows the number of recognized genera and species of extinct and extant primates: the ranges reflect 
diffirences of opinion among researchers as to how many taxa should be accepted as distinct genera; the numbers in parentheses below extant genera 
indicate how many such genera have significant fossil records. (Abbreviations: NWM, New World monkey; OWM, Old World monkey; OWA, Old 
World ape, including humans.) 
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boundaries for certain times during the Cenozoic, and the 
interruption of species ranges would have fostered specia­
tion, differentiation, secondary contacts, competitive inter­
actions, and replacement. Such conditions may have set an 
evolutionary premium on change rather than stasis and 
upon adaptive improvement, or novelties. The fossil evi­
dence suggests that there have been a number of successive 
catarrhine radiations, each with its own character. Apes, for 
example, are now at their nadir, having been displaced by 
quite a different type of primate, the cercopithecoid mon­
keys, which are fairly new on the scene. 

The summation of these continental effects produced 
an anthropoid radiation of tremendous variety and success. 
One might even speculate that some of the evolutionary 
parallelisms between platyrrhines and hominoids have re­
sulted indirectly from their geographical separation-had 
they occurred rogether, competition would surely have dri­
ven them further apart anatomically and perhaps have pres­
sured some forms into extinction. Geography, however, 
hardly explains the success of Anthropoidea or its real na­
ture. Special adaptations set anthropoids apart from the 
other members of their order, and that foundation created 
the potential to exploit a broad spectrum of ecological 
niches, unsurpassed by any other group of primates during 
their 65-Myr history. 

Morphology and Adaptation 
The skull, more than any other part of the skeleton, embod­
ies novel anthropoid characteristics. In the simplest terms, 
the outward appearance of the anthropoid head is human­
like in aspect, having a relatively flat "face" with a vertical 
arrangement of eyes, nose, and mouth. Superficial struc­
tures, such as the external ears, lips, and nose, also tend to re-

semble us in shape and proportion. If there is a singular fea­
ture that sets humans apart typologically from the universal 
design of the anthropoid head, it is our recently evolved, 
bloated forehead, although the little squirrel monkeys might 
even rival us there. 

The major adaptive elements of this anatomical ensemble 
are the special senses of sight and smell, the cognitive functions 
of the brain, and the design of the masticatory apparatus. The 
anthropoid braincase is large and rounded, accommodating as 
much volume as possible within a small space. As a conse­
quence, the foramen magnum is situated rather anteriorly 
within the skull base, which also makes head carriage more 
erect. The relatively small, close-set eye sockets face directly for­
ward, maximizing stereoscopic vision. With the lower face 
tucked in beneath the eyes, facial bones tend to be short and 
deep, although snout length has increased secondarily in such 
forms as baboons and howler monkeys. The olfactory compo­
nents, such as the size of the nasal cavity, the paper-thin scrolls 
inside it, and the endocranial space for the olfactory bulb, are all 
reduced, reflecting a diminished sense of smell. The mandible 
is fused solidly at the symphysis, and, like the premaxillary 
bone above, it supports and stabilizes a battery of broad, verti­
cal incisors. The lower jaw is also hinged well above the tooth 
rows, giving the chewing muscles good leverage. The midline 
metopic suture between the frontal bones also fuses early in life. 
The premolars and the molars vary in shape, but they tend to be 
blunt rather than penetratingly sharp. The petrosal bone cover­
ing the middle-ear region has a tendency to develop many small 
cells and/or partitions within it, contrasting with the balloon­
like capsule found commonly among nonanthropoids. 

By comparison with strepsirhines, olfactory cues are less 
important to an anthropoid than are visual ones. Apart from 
having a small main olfactory bulb, the secondary olfactory 
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Main diffirences between the cranial and dental morphologies of an anthropoid, represented by Cebus (top), and a generalized euprimate, represented 
by Lemur (bottom), After Rosenberger, 1986; courtesy of A/fted L. Rosenberger. 



bulb and its receptor element, the Organ of Jacobson, are 
also reduced. Whereas the former structure is an all-purpose 
mediator of scent, the latter is important in sexual contexts. 
Its reduction indicates that anthropoids have shifted to a 
more direct, "personal" system of intersexual and social com­
munication, involving more elaborate bodily coloration and 
adornment, facial gestures, postural signals, vocalizations, 
and close-up, interactive displays. Although scent-producing 
glands still playa role in communication, especially among 
the platyrrhines, sensory input from the environment comes 
chiefly via the eyes and ears. As J. Eisenberg points out, like 
other mammals (such as felid carnivores) which have come 
to capitalize upon sight, both the eye and the brain have 
evolved specializations that make this possible. The feature 
most obvious to us is the enlargement in brain size. 

This reliance upon vision is predicated on a critical 
adaptive shift achieved by the nearest relatives of the anthro­
poids, an earlier-evolving group that passed on its traits to 
the latter's ancestral species. That shift was the adoption of a 
diurnal lifestyle by the ancestral haplorhines, members of an 
umbrella taxonomic group whose existence we are able to 
recognize through two surviving descendant lineages: an­
thropoids and tarsiers. From the early haplorhines, anthro­
poids inherited structural preadaptations to enhance stereo­
scopic vision via a reorganized skull, a rod-and-cone system 
of photoreceptor cells in the eye attuned to good color vi­
sion, a dense packing of cells near the retinal fovea making 
the eye adept at pinpoint focusing, a complex network of 
crossover optical fibers within the brain that send nerve im­
pulses to both sides for simultaneous processing, and en­
larged visual centers of the brain. 

This pattern may have been of great selective value to 
ancestral anthropoids not because of any particular advan­
tages but because of its generality. A visually precise image of 
the environment is one filled with the discriminants of size, 
shape, pattern, texture, color, and distance. Nothing could 
better serve an animal in the highly complex fabric of an ar­
boreal environment. Sight is far richer in information than 
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sound or taste. It also requires a complex system of memory 
storage, which in turn implies more storage space and higher 
cognitive functions to encode and decode the data. Thus, the 
world of the anthropoid is a complex world of learning and 
subtleties, where the hue of a fruit reveals its ripeness, the 
texture of a branch suggests flexibility, and the glint of an eye 
may spell trouble from a neighbor. 

Anthropoids are the only mammals to have evolved a 
separate bony compartment housing the eyeball. This ap­
peared with the development of the postorbital septum, a 
thin sheet of bone that forms the eye socket from behind, 
thereby also bridging the lateral bones of the face and the 
braincase. The origin of this adaptation, however, may have 
nothing to do with good eyesight. While it may safeguard the 
delicate eyeball from injury or shield it from the masticatory 
actions of muscles lying behind it, these may be only sec­
ondary benefits. The structure of this area of the skull sug­
gests that the septum serves also as a mechanical brace to rein­
force the connection between the face and the skull. This role 
is an elaboration of the original function of the postorbital 
bar, the ancestral structure from which the septum evolved. 

The postorbital bar is a vertical branch of the zygomatic 
arch, a horizontal girder that supports chewing muscles un­
der the cheek, spanning from the skull to the base of the 
mandible. It appeared first among the ancestral euprimates, 
ancestors of all the modern primates. There the bar served to 
stabilize the zygomatic arch and the tooth row against the 
pull of the masseter muscle and to minimize the shearing 
and twisting effects of chewing at the junction between 
braincase and face. As anthropoids tear and grab at food with 
their large incisors or chew tough foods with the cheek teeth, 
they are prone to generate relatively high levels of stress in 
the zygomatic arch and at the craniofacial junction. These 
loads may be acute in an anthropoid primate because the 
mandibular symphyseal joint is fused rather than mobile, as 
it is in most nonanthropoids. Hence, the symphysis does not 
convert into motion the muscular forces delivered, say, from 
the right side of the head as the animal chews on its left. Such 
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Mechanical model of the anthropoid postorbital plate (right), contrasted with the euprimate postorbital bar (left). The postorbital plate reinforces the 
connection between the focial and neurocranial parts of the skull in the absence of an enlarged nasal fossa and interorbital region, well developed in 
lower primates. Courtesy of Alfred L. Rosenberger. 
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internal stress is also difficult to balance or distribute within 
the head because of the shape of the anthtopoid face. With 
their close-set eyes and reduced snouts, there is less central­
ized bony mass to take up the forces of mastication. This is 
where the septum provides additional support. It compen­
sates by acting as a lateral pillar. In this position, the postor­
bital plate can also directly resist the tension of the powerful 
masseter muscle. Thus, one of the important innovations of 
the anthropoid head is associated with feeding. Whether its 
origin related to a new dietary preference or a revised me­
chanical approach to an existing feeding pattern is unclear. 
But since anthropoids also have a conspicuously enlarged set 
of incisor teeth, an obvious source for much of the mechan­
ical stress the head is designed to endure, it is likely that the 
main dietary staple was originally fruit, perhaps species with 
resistant husks that had to be torn apart to access the nutri­
tionally valuable content. 

Among the other adaptations that make anthropoids 
unique, those pertaining to life-history strategies are proba­
bly the most important. As relatively large primates, anthro­
poids tend to have long gestation periods, lengthened phases 
of juvenile and adolescent dependency, and a long postre­
productive life. Thus, intelligence, learning, socialization, 
and many other factors are major features of the anthropoid 
life cycle. The production of an offspring with a relatively 
large brain at birth is also possibly related to a novel prenatal 
development. The outer fetal membranes are attached to the 
wall of the uterus in an intimate way, so that fetal capillaries 
and maternal blood vessels exchange nutrients, immuno­
gens, and waste materials very effectively. This hemochorial 
placenta is similar to the condition found in tarsiers. The an­
thropoid uterus is also an unusual bell-shaped chamber de­
signed to accommodate one large fetus, whereas in other pri­
mates it tends to be V-shaped, having a central cavity and two 
horns where multiple fetuses can attach. 

Origins and Evolution: Hypotheses of Ancestry 
Although primatologists now are confident that the charac­
teristics shared by the anthropoids indicate that they are 
monophyletically related, this issue at times has been a mat­
ter of serious doubt and discussion. Even until the 1970s, 
some maintained that platyrrhines and catarrhines arose in­
dependently, meaning that the anthropoid "grade," or stage 
of evolution, was attained separately as each branch evolved 
from different lower primate ancestors. Geography figured 
importantly in this theory; the separation of the platyrrhines 
and the catarrhines does imply a complex history. In fact, the 
anthropoids were frequently cited as a model case illustrating 
the principle of parallelism. Such a theory was comfortable 
to nineteenth-century zoologists especially, who, influenced 
by the scala naturae doctrine and Victorian ideals of social 
progress, sought to epitomize adaptive improvement as the 
major driving force of the evolutionary machine. Then and 
thereafter, prominent researchers claimed that the transition 
to a higher-primate grade was a common phenomenon. 
Some reckoned it happened as many as four times, once 
among the platyrrhines, twice among the catarrhines, and 
once more among the Malagasy primates. 

The puzzle of anthropoid origins has been a major fo­
cus of research for more than a century. During the 1990s, a 
wealth of new fossils from Africa and Asia, combined with 
new investigations of previously known forms, has sharp­
ened interest in this question. Comparative morphological 
study of modern primates has revealed that anthropoids are 
most closely related to the tarsiers, with which they share de­
rived features of vision (loss of tapetum lucidum, presence of 
retinal fovea, and at least partial postorbital closure), olfac­
tion (reduction of various receptors and presence of dry cir­
cumnasal area with mobile upper lip), and placentation. 

Unfortunately, most of these haplorhine characteristics 
are not discernable in fossils. Moreover, the great majority of 
primate fossil remains are dental, and the tarsier dentition is 
quite distinctive, not at all like that of anthropoids. Thus, 
the quest for understanding the origin and early evolution of 
anthropoids has been divided between studies of modern 
morphology and the search for extinct (or extant) groups 
that might be closely related to anthropoid ancestors. Three 
such groups have been widely advocated: the adapids and 
omomyids (both extinct) and the tarsiids, including the liv­
ing tarsier and a few fossil allies. In the 1990s, the discovery 
of new, apparently unique fossils has led to a fourth hypoth­
esis, that some of these extinct forms represented a non­
adapid/nonomomyid ancestral stock for anthropoids. We 
will evaluate each of these views and then look more closely 
at some of the fossils that have been proposed as the earliest 
anthropoids, finishing with a survey of biogeographic mod­
els for anthropoid dispersal. 

The adapid-anthropoid hypothesis is based largely on 
jointly shared features of the anterior dentition and 
mandible. This notion was first proposed in the nineteenth 
century, but P.D. Gingerich has given it new force. For 
example, he argued that both adapids and anthropoids 
have fused mandibular symphyses, vertical spatulate in­
cisors, and interlocking and sexually dimorphic canines with 
canine/premolar honing. However, by restudying the anat­
omy and introducing functional reasoning to assess possible 
linking homologies, it has been shown that this entire suite 
of adapid-anthropoid similarities resulted from convergent 
evolution. A second prominent objection is that these 
adapids were possibly already strepsirhines phylogenetically 
rather than a formative euprimate stock ancestral to all of the 
modern groups. In their dentition, skull, and postcranial 
skeleton, adapids frequently display derived characteristics 
that align them with modern strepsirhines. 

Above and beyond these difficulties, one specific sub­
group of adapids that is becoming better represented as fossils, 
the Cercamoniinae (also termed Protoadapinae or Protoadap­
ini by some researchers), has often been singled out as dentally 
most similar to early anthropoids. Newly discovered genera 
(and new fossils of known taxa) may include Rencunius and 
Hoanghonius from China (45-40 Ma), Aframonius from the 
Egyptian Fayum (Quarry L-41, ca. 36 Ma), and possibly Dje­
belemur from Morocco (ca. 45 Ma). Although these forms 
have been suggested by some authors as similar to the early an­
thropoid oligopithecids in their lower molars (usually with ad­
jacent entoconid and hypoconulid) and canine-anterior pre-
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GLIB ZEGDOU Aigeripithecus Tabelia 

CHAMBI Djebe/emur 

ADRAR MGORN 1 Altiatlasius 

PONDAUNG (A) Amphipithecus Pondaungia 

GONGLANGTOU (A) Asiomomys 

HETI (A) Eosimias Hoanghonius Rencunius 

SHANGHUANG (A) Eosimias Tarsius 
[Adapoides Macrotarsius] 

LUSHI (A) Lushius 

KULDANA Fm. (A) Kohatius Panobius 

SPARNACIAN (E) first Adapidae & Omomyidae 
WUTU (A) Carpocristes Chronolestes 
BUMBIN NURU (A) Altanius 

NANXIONG (A) Petro/emur 

WANGHUTUN Fm. (A) Decoredon 

----------------------------------------------
Stratigraphic and geographic occurrence of the earliest anthropoids and other primates which have figured in discussions of anthropoid (and primate) 
origins. All Afro-Arabian and Asian Paleogene primates are included, as these continents have been claimed by diffirent authors as central to the origin 
and early evolution of anthropoids. In addition, the first New World anthropoids and selected European primates discussed in the text are indicated. 
The locations of many sites are shown on the map following. Note that when there is not enough space to list all of the taxa present at a given site, the 
list is continued on the line below, within square brackets [}. Note also that although the Arabian Peninsula formed part of Afro-Arabia into the Early 
Miocene, the Omani locality ofTaqah is included in the Asia column for reasons of space. 
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-, • 
Reconstruction of the world's continents during the later Eocene. (After 
D.E. Savage and D.E. Russell, 1983, Mammalian Paleo faunas of the 
World, Addison-Wesley.) Parallel lines indicate areas with significant 
fossil mammal assemblages. Numbers indicate major later Eocene and 
Oligocene sites on the southern continents yieldingfossil primates 
discussed in the text: (1) Shanghuang (China); (2) Witi Lek (Thailand); 
(3) Pondaung (Burma); (4) Kohat (Pakistan); (5) Thaytiniti and Taqah 
(Oman); (6) Fayum (Egypt); (7) Chambi (Tunisia) and Nementcha 
(Algeria); (8) Adrar Mgorn and Glib Zegdou (Algeria); (9) Salfa 
(Bolivia). By L. Meeker. 

molar complex (when known), they are still adapids in detail 
and thus probably not relevant to anthropoid origins. 

Arguing that fossils are not highly informative here, M. 
Cartmill and coworkers have reasoned that the tarsier is the 
most likely sister group of anthropoids. While a still broader 
version of this hypothesis-that extinct relatives of the tar­
siers are likely candidates-is supported by many, it seems 
unlikely that tarsiers themselves would be closer cladistically 
to anthropoids than their less-radical tarsiiform relatives. 
The tarsier lineage per se has always been too advanced 
anatomically to be the model of an anthropoid stock. The 
anatomies of the middle ear, postorbital septum, carotid ar­
teries, and reproductive systems of tarsiers and anthropoids 
share important derived structural details, but these point to 
a more abstract taxonomic connection, via a group less 
bizarre adaptively than the tarsier. The unique particulars 
that could potentially link tarsiers more closely with anthro­
poids are probably parallelisms. For example, the postorbital 
wall of tarsiers most likely arose in relation to their fantasti­
cally large eyeballs, which is not the case in anthropoids, who 
have relatively small eyes. Hence, they are not uniquely de­
rived features of phylogenetic value. 

A third hypothesis (considered the most plausible by a 
majority of current researchers) is that anthropoids arose 
during the Eocene from a subgroup of omomyid primates 
that was widely distribured across North America and 
Eurasia. Omomyids are generally accepted as being closely 
related to tarsiers (together they are called tarsiiforms), and 
omomyids are well represented in the fossil record by many 
species, bur the collections consist mostly of teeth and jaws. 
Ourayia uintensis, a form from the Late Eocene of Utah, is 
classified as an omomyid tarsiiform, but its dental anatomy 

may be a good model for the protoanthropoid pattern, as 
E.L. Simons and others have pointed out. Unfortunately, it 
is still known only from dental elements. Given that the 
modern anthropoid head is so full of higher-primate novel­
ties, the skulls of such protoanthropoids would be more 
telling. The known skulls of omomyids do, at least, indicate 
a significant morphological heterogeneity, including pat­
terns that are much more primitive than the expected, tar­
sierlike departures. New evidence also demonstrates that 
some omomyids, known informally as necrolemurs, were 
close relatives of living tarsiers, as early workers had thought, 
and were also distributed broadly in Laurasia. This makes it 
all the more likely that another omomyid stock, ancestral to 

both the platyrrhines and the catarrhines, was widespread 
and sufficiently primitive to have evolved into the first 
anthropoids. 

Recently, as a result of the discovery of new primate fos­
sils (such as Eosimias, Algeripithecus, and others) ftom China 
and Northwest Africa, a fourth model has been suggested. 
Although the details vary among advocates, the underlying 
concept is that some of these new forms represent a previ­
ously unknown group of Eocene protoanthropoids, neither 
adapid nor omomyid. This "third major radiation" concept 
implies a more ancient origin for the anthropoids and re­
quires further evaluation of the new fossils. However, it pre­
sents some significant difficulties. For example, it has yet to 
be clearly established that any number of the fossils motivat­
ing this hypothesis are definitely anthropoid rather than tar­
siiform. One of the fossils in question, Eosimias, shows an 
extraordinary series of derived resemblances to tarsiers, and 
it is more likely to turn out to be a basal tarsioid instead of an 
ancestral anthropoid. If these fossils are indeed tarsiiforms, 
this concept simply restates the omomyid-anthropoid hy­
pothesis in slightly different terms. 

Origins and Evolution: Fossil Evidence 
Four groups or classes of fossils are important in the attempt 
to understand the origin and early evolution of the anthro­
poids: (1) the earliest generally accepted anthropoids-the 
Parapithecidae and Propliopithecidae, mainly from the Early 
Oligocene Fayum deposits of Egypt (the first platyrrhines are 
too fragmentary to be of much help and, moreover, are later 
in time); (2) the Oligopithecidae, especially Catopithecus and 
Oligopithecus, two earlier Fayum fossils that researchers have 
argued are true anthropoids; (3) a variety of (mostly) newly 
discovered Eocene fossils from North Africa and eastern Asia; 
and (4) known Eocene tarsiiforms (omomyids) that may rep­
resent a "basal stock" for anthropoids. 

Propliopithecus presents a suite of generalized anthropoid 
features, such as fusion of the mandibular symphysis and the 
frontal bones in the midline, full postorbital closure, spatulate, 
nearly vertical incisors, strongly expressed canine dimorphism, 
and lower molars with relatively flat crowns (trigonid and 
talonid of even height). Within Anthropoidea, the propliopith­
ecids are clearly catarrhines, with such diagnostic dental fea­
tures as loss of P 2' well-developed distal midline hypoconulids 
on lower molars, and general molar structure. But these derived 
states are combined with conservative anthropoid (platyrrhine-



like) conditions, such as a ringlike ectotympanic (external ear 
opening) and several postcranial features. 

The better-known parapithecids (Parapithecus and 
Apidium, especially) share the same typical anthropoid con­
ditions as the propliopithecids. These are combined, how­
ever, with states more conservative than in catarrhines, such 
as a somewhat smaller hypoconulid and the retention of P

2
, 

along with uniquely derived dental conditions (central cusp 
on upper premolars, tendency to extra cusps on molars, loss 
of lower incisors in some forms) and several postcranial 
states more "primitive" than those found in either platyr­
rhines or catarrhines. On that basis, parapithecids are now 
placed by most authors as the sister-taxon of all later an­
thropoids, thus among the most ancient and conservative 
members of the hyporder. It is with the parapithecids that 
other fossil groups putatively considered anthropoids must 
be compared. 

From latest Eocene horizons in the Fayum come two 
genera that have also been placed within the Anthropoidea 
by many, but not all, researchers. Catopithecus is known from 
several partial skulls and lower jaws that present a remarkable 
mosaic of ancestral and derived character states. The frontal 
bone is solidly fused, and the orbit appears to show full clo­
sure, as expected in an anthropoid. Moreover, the upper in­
cisors seem to be at least somewhat spatulate. But the man­
dibular symphysis appears to be unfused, and the molars are 
not anthropoidlike: The lowers have relatively high and long 
trigonids and a generally elongate shape more commonly 
found in lower primates; the upper molars also are less 
squared-up than in most anthropoids, with a small and low 
hypocone; premolars also do not look like those of anthro­
poids. Catopithecus shares some aspects of P 4 and molar 
shape (proximity of hypoconulid and entoconid, hypocone 
development) and lack of P 2 with Oligopithecus, which also 
has a P 3 with a large surface for honing, or sharpening, the 
upper canine, as do many catarrhines. Some authors place 
these forms close to propliopithecids (two premolars, with 
honing on the front one), while others think the conserva­
tive molars place them evolutionarily "below" the three­
premolared parapithecids. Either molar shape or (more 
likely) premolar pattern must thus have evolved at least 
twice, in catarrhines and in some early anthropoids. Here the 
oligopithecids are considered less derived than the parapith­
ecids, but still early anthropoids. 

Proteopithecus, a contemporary of Catopithecus, was 
thought to be closely related but has since been distanced, as it 
preserves three premolars; it might provide a link of sorts be­
tween oligopithecids and less-derived parapithecids (see be­
low). However, its molar morphology is exceedingly primitive, 
resembling tarsiiforms and other early euprimates, and it is 
likely not an anthropoid. Catopithecus and Oligopithecus may 
be late-surviving members of a true proto anthropoid stock, 
but they are too late in time as now known to be actual ances­
tors of later anthropoids. They suggest that the complex of fea­
tures that is thought to characterize anthropoids did not all ap­
pear at one time, but in stages, as is often the case in evolution. 

About a dozen genera of less well known fossil primates 
have been touted in the 1990s as protoanthropoids. Algeri-
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Occlusal view of P4-M2 o/proteopithecus sylviae from Fayum Quarry 
L-41. Courtesy of Elwyn L. Simons. 

pithecus and Tabelia are small forms whose isolated teeth 
have low rounded cusps like those of the parapithecid an­
thropoid Apidium and the omomyid Microchoerus; both of 
the former were discovered at the Middle Eocene site of Glib 
Zegdou (Algeria). Although originally suggested as close to 
propliopithecids, they now both appear to be provisionally 
referable to the Parapithecidae, as is Biretia from Bir el Ater 
(Algeria). The 42-36 Ma age of these forms significantly in­
creases the time range of parapithecids, known in the Fayum 
from ca. 35-33 Ma. Slightly older (46-45 Ma?) are a lower 
jaw named Djebelemur and several isolated teeth perhaps 
representing other species from Chambi (Morocco). Some 
of these may be cercamoniine or similar adapiforms while 
the one upper molar is similar to Algeripithecus but even 
smaller. Two genera from the Early Oligocene of Oman 
(Shizarodon and Omanodon) were originally and probably 
correctly described as adapiforms, but they have also been 
mentioned as possible anthropoids, for which there is little 
evidence. The most ancient North African primate is Altiat­
lasius, from the Late Paleocene (ca. 58-55 Ma) of Adrar 
Mgorn 1 (Algeria). About a dozen isolated teeth of this 
genus reveal a conservative morphology: The hypocone is 
lacking on the upper molars although a cingulum extends 
entirely around the lingual edge, and the lower molar trigo­
nid is large and, especially, tall compared to the talonid; how­
ever, the cusps are bunodont, as in the previous taxa. Altiat­
lasius is surely not an anthropoid, or probably even a 
protoanthropoid, and is best considered a euprimate of un­
certain affinity. Nonetheless, it has some similarities to oligo­
pithecids, which (if derived homologies) may indicate a 
source for that group. 

In eastern Asia, the Late Eocene (ca. 40-39 Ma) Pon­
daung fauna of Burma yielded two primates early in the 
twentieth century, Pondaungia and Amphipithecus. Both 
were poorly known until the 1980s, when a few additional 
jaws were recovered. Each has been called an adapiform or an 
early anthropoid, but most authors accept the former desig­
nation for both. Of similar age in China are Hoanghonius 
and Rencunius, both noted above as probable cercamoniine 
adapiforms. The contemporaneous Wailekia from Thailand, 
although described as a possible oligopithecid, probably be­
longs with the same group. The most intriguing new Asian 
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primate is Eosimias, known from two Middle Eocene locali­
ties in China, one the same age as Hoanghonius, the other 
slightly older (ca. 46-45 Ma). Most of the other Asian forms 
are moderately large, but Eosimias is tiny, comparable to AI­
geripithecus, and slightly larger than Catopithecus. The in­
cisors and the canine of Eosimias are relatively vertical and 
broadly similar to those of some early anthropoids. 

This condition and a selection of cheek-tooth features 
has led to some researchers suggesting that Eosimias is a basal 
anthropoid, representing an ancient protoanthropoid ances­
try separate from both adapiforms and omomyids (see above). 
In some ways, this is analogous to the suggestion that perhaps 
Altiatlasius and especially the early ?parapithecids represented 
an equivalent stock in North Africa. But the morphology of 
these two putative protoanthropoid groups differs strongly, so 
only one (at most) could be reflective of actual anthropoid an­
cestry. In fact, the cheek teeth of Eosimias (especially the very 
tall trigonids and the strongly developed trigonid crests), and 
the tarsiiformlike postcrania known from the same site and as­
signed to this genus, suggest that it is better understood as an 
omomyid relative. Its exact placement is unclear within that 
complex, but, stripping away the tarsierlike features, Eosimias 
confirms a broadly omomyid-based ancestry for anthropoids 
by proving the existence of ancestral anthropoid features 
within this group (at least in the Asian Eocene). While waiting 
for additional fossil evidence of these Eocene protoanthro­
poids, the next question to examine is paleogeographic: How 
did early anthropoids disperse across the Paleogene world? 

Origins and Evolution: Geography 
Today, of course, the two main anthropoid groups, 
Platyrrhini and Catarrhini, occur in the geographically dis­
junct regions of the neotropics and the Old World, respec­
tively. Platyrrhines have apparently always been restricted to 
the New World, while the earliest definite anthropoids are 
now seen to be (northern) African-only one possible tooth 
is known from an Oligocene site in Angola. There are, thus, 
two separate but related questions to ponder: How and when 
did the protoanthropoids reach Africa, and how did the pro­
toplatyrrhines reach South America? Both were island conti­
nents in the Paleogene, with mainly distinctive faunas. 

When the principles of plate tectonics and continental 
drift were first applied to primates during the mid-1960s, it 
was briefly argued that the ancestral stock of platyrrhines 
and catarrhines occupied a single great southern landmass 
that later rifted apart (as the South Atlantic Ocean grew), ex­
panded to the north, and finally divided into South America 
and Africa during the early Cretaceous (ca. 130-110 Ma). 
Formative platyrrhines were thus passively separated from 
catarrhine forerunners, without crossing an oceanic water 
gap. This model led to the idea that the parapithecid pri­
mates of the Fayum Oligocene were direct platyrrhine ances­
tors, a notion that has been generally rejected on anatomic 
grounds. The dating of this event and the paleopositions of 
continents would also require, if this hypothesis were true, 
that anthropoid primates were in existence more than 30 
Myr before the very first primates are documented in the fos­
sil record. 

In the face of counterevidence, modifications to this 
theory have been proposed. One postulates that tectonic 
mechanisms produced a system of east-west oceanic ridges 
or islands within the Atlantic. Nearly all of these are now 
submerged, but they could have been footholds for primates 
dispersing across the ocean. This stepping-stone hypothesis 
was also popular a century before continental drift was an es­
tablished fact. Combined with floating on rafts of natural 
vegetation between islands, this idea is prominent in most 
late-twentieth-century views of platyrrhine origins. One se­
ries of problems relating to any oceanic raft-crossing refers to 
the dangers of exposure, lack of fresh water and food-Mi­
crocebus-like hibernation is unlikely in an early anthropoid. 
Moreover, neither the Fayum parapithecids nor, as some 
have suggested, the propliopithecids are morphologically 
reasonable as ancestors for platyrrhines. However, if the 
parapithecids indeed represent an archaic anthropoid group 
that now extends back to the Middle Eocene, it is conceiv­
able that an as yet unknown (North)West African relative 
might have been a plausible Eocene protoplatyrrhine. A 
global recession of sea level, such as the one that occurred in 
the Late Eocene, might have narrowed the Atlantic gap suffi­
ciently to permit a crossing. 

A different idea proposes that an ancestral stock of 
omomyid-derived protoanthropoids occupied an assembly of 
northern continents, Laurasia, where Early Cenozoic primates 
were flourishing; contact between the Eastern and the Western 
hemispheres was possible at intervals across the Bering region. 
Spurred by a cooling of the Northern Hemisphere and the ex­
pansion of grasslands, most northern primates became extinct 
but some shifted their range to the south, possibly in both the 
Eastern and the Western hemispheres. Among these may have 
been the rare protoanthropoids, who found their way across 
the water barriers to reach the island continents of Africa and 
(later) South America during different regression episodes of 
low water. Passage into South America seems to have been the 
more remarkable one, for it may have involved few other 
mammals. The hystricomorph rodents, relatives of the mod­
ern porcupines, may have been the primates' only traveling 
companions. In fact, it is their geographic association that led 
such researchers as R.I. Hoffstetter to propose an African ori­
gin for platyrrhines in the first place: Both hystricomorphs and 
platyrrhines may have their closest living relatives in Africa. 

Some would argue that possible East Asian (Eosimias) 
and North African (Djebelemur, Algeripithecus) protoanthro­
poids are of comparable Middle Eocene age, unless Altiatla­
sius is, indeed, related to this group. In the past, models of 
Asian ancestry for Fayum anthropoids depended upon inter­
pretations of Pondaungia and Amphipithecus, but the pro­
posed Early Eocene pathway around the southern margin of 
an Asia that had not yet collided with India is still plausible. 
If that collision occurred in the early to mid-Eocene, migra­
tion could even have proceeded across the contact zone at 
some point. What is most important to realize is that with­
out acceptable morphological relatives (sister-taxa) in place, 
no paleozoogeographical hypothesis is worth formulating: It 
would be nothing but speculation, no matter how good the 
pathway. 
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Three hypotheses of the ancestral stock from which anthropoids arose 
monophyletically. Courtesy of Alfted L. Rosenberger. 

Macroevolutionary Patterns in Catarrhines 
and Platyrrhines 
To comprehend and compare the evolutionary histories of 
the major divisions of the anthropoids, we will need many 
more fossils documenting changes in the taxonomic diver­
sity, adaptations, and geographical distributions of the plat­
yrrhines and the catarrhines. For the crucial Paleogene phase 
in the Old World, we have only the evidence from the Egypt­
ian Fayum (36-33 Ma); and from La Salla, Bolivia (27 Ma), 
we have data at the Paleogene-Neogene boundary only, 
which means we know a bit about Africa and next to nothing 
about South America. Information on later epochs is even 
more biased in favor of the Old World. Therefore, recon­
structions and comparisons must draw heavily upon the liv­
ing forms for at least one side of the story. Nonetheless, as a 
start, E. Delson and AL. Rosenberger began to examine the 
macroevolutionary histories of platyrrhines and catarrhines, 
concluding that each group experienced distinctly different 
patterns. 

Among the catarrhines, both the fossil record and the ex­
tant forms indicate a dichotomization of adaptive zones into 
relatively nonoverlapping arboreal and terrestrial spheres. This 
is paralleled by an expansion out of the classical humid tropics 
into more xeric and even colder climates of the Old World. 
Terrestriality is also associated with the attainment of large 
body size in many catarrhines. Second, the terrestrial zone 
seems to be of recent vintage. The earliest catarrhines, ances­
tors of both the monkeys and the apes, all appear to be arbore­
ally adapted. The ancestral Old World monkey stock shifted to 
a terrestrial habit, as indicated by their many ground-related 
postcranial adaptations, and this probably explains a large part 
of their geographic success. Among the apes, terrestriality 
seems to be superimposed upon an indelible arboreal heritage. 
Third, the morphology of the cercopithecoid radiation is fasci­
natingly simple; there is little variety other than in size and size­
related features. The apes, on the other hand, are fairly diverse 
anatomically, given that they include a small number of taxa. 

The New World monkeys present a contrasting picture. 
Abundant grasslands appeared in South America during the 
Cenozoic, but platyrrhines probably never evolved an open­
country, terrestrial lineage. If they did, we seem to have no 
descendants of that group among the modern species. There 
is still no good explanation for the apparent absence of a ter­
restriallineage, for these ancient savannahs supported large 
populations of herbivores, as in Africa and Asia where cerco­
pithecoids eventually flourished. Perhaps the larger ca­
tarrhines were more formidable competitors vis-a-vis other 
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mammals than the platyrrhines; or maybe the grassland flo­
ras were quite different in the Old and the New worlds. 

Rather than invade such an ecological terrain, platyr­
rhines flourished among the trees by finely dividing their mi­
crohabitats. This is what makes for their great intergeneric 
diversity, each genus evolving distinctive adaptations to per­
mit coexistence with its close, sympatric relatives. A second 
factor contributing to their relative diversity is that platyr­
rhines radiated at the small end of the anthropoid body-size 
spectrum. This enabled some of them to utilize three feeding 
niches rarely (if at all) exploited by the larger catarrhines. 
One is the hard-fruit/seed-eating niche, occupied by a whole 
subfamily, the pitheciines. The second is the insectivore­
frugivore (or animalivore-frugivore) niche, from which ca­
tarrhines are excluded due to their larger body size. A third, 
related paradigm is the gum-eating niche, central to the 
adaptations of the smallest marmosets. 

Altogether unclear is what happened at the opposite 
end of the size spectrum, but hints are mounting that our 
notion of platyrrhine diversity and uniqueness will continue 
to change. New fossil discoveries in the Brazilian Late Pleis­
tocene led e. Cartel Ie and we. Hartwig to determine that 
monkeys existed about twice as large as the biggest ones alive 
today. Does this foretell of other adaptive responses to arbo­
reality? Or does it pave the way for realizing a terrestrial op­
tion, with baboon-sized platyrrhines milling about as giant 
ground sloths browsed? Another contrast between the radia­
tions of platyrrhines and catarrhines is their temporal pat­
terning. Lineage stasis has been a more common occurrence 
among platyrrhines than among catarrhines. 

To properly evaluate this hypothesis, we need good bio­
stratigraphic information over geological time, which is se­
verely lacking, especially for the platyrrhines. In looking at the 
moderns and the fossils, however, it appears that generic lin­
eages have a much longer duration in the New World. Among 
all of the Old World catarrhines, the macaques and orangs 
show the greatest geologic longevity. Specimens attributed to 
Macaca are known from deposits of 8-6 Ma, but there are few, 
if any, derived characters to clinch the identification. Con­
geners of Pongo go back only as far as the Pleistocene, but the 
craniofacial morphology that marks it as a generic entity is well 
developed in late Sivapithecus at 9 Ma, and these are preceded 
by dento-gnathic remains of probable congeners older than 
12 Ma. In the Old World, these examples are the only two 
cases of anagenetic/taxonomic stasis from a fossil record that is 
strikingly rich by comparison with the South American data. 

Among the modern New World monkeys, Saimiri is 
phylogenetically linked through a Colombian species classi­
fied either in the same genus or as Neosaimiri, at 14-12 Ma, 
to Dolichocebus, at ca. 21-19 Ma. The recently discovered 
Chilecebus, which may, in fact, be the same as Dolichocebus, is 
dated at 20 Ma and adds new evidence of a Saimiri-related 
stock. Equivalent in age to Neosaimiri is Aotus dindensis, the 
first recognized example of a living primate genus ro occur 
deep in the fossil record. Aotus is also closely related to, if not 
a descendant of, the fossil genus Tremacebus, 21-19 Ma. 
Alouatta is probably a descendant, and at least a sister genus, 
of Stirtonia, at 14-12 Ma. In fact, it is difficult to distinguish 
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the latter two at the generic level. Other fossils, such as Sori­

acebus ameghinorum, 18-16 Ma, and Laventiana annectens, 

Cebupithecia sarmientoi, and Mohanamico hershkovitzi, 

14-12 Ma, indicate that major higher taxa such as subfami­
lies and tribes of platyrrhines also had remote origins. 

See also Adapidae; Altiadasius; Americas; Asia, Eastern and 
Southern; Atelidae; Branisellinae; Catarrhini; Cebidae; Cer­
copithecidae; Diet; Eosimiidae; Haplorhini; Hominoidea; 
Oligopithecidae; Omomyidae; Paleobiogeography; Parapith­
ecidae; Pitheciinae; Plate Tectonics; Platyrrhini; Propliopithe­
cidae; Skull; Tarsiiformes; Tarsioidea; Teeth. [AL.R., E.D.] 
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Anthropology 
Academic discipline concerned with the study of aspects 
of human (and other primate) culture and biology, past 

and present. The subject matter of anthropology ranges 
widely; to make the breadth of information and the divers­
ity of approaches employed more manageable, the field is 
often divided into four subdisciplines: physical (or biologi­
cal) anthropology, archaeology, cultural anthropology, and 
linguistics. 

Physical anthropologists study the origins and evolu­
tion of primates (including humans), behavior of living 
primates, and human biology, which itself includes adapta­
tion, variation, and genetics. Archaeologists study past hu­
man groups, focusing on the material evidence of behavior 
and adaptation, including both historical reconstructions 
of the past and processual studies of the mechanisms of 
change. Cultural anthropologists study all aspects of the 
community life of living human groups, encompassing 
social structure, political and economic relations, kinship 
and family life, religion and ideology, and even art and aes­
thetics. Anthropological linguists study human language 
and communication. 

Taken together, these diverse fields make up an academic 
discipline with strong alliances to many other natural and so­
cial sciences, as well as to the humanities and the arts. In many 
ways, anthropology is the great integrative discipline. 

See also Archaeology; Complex Societies; Cultural Anthro­
pology; Culture; Paleoanthropology; Physical Anthropol­
ogy; Primate Societies. [B.B.] 

Further Readings 
Harris, M. (1996) Culture, People, Nature: An Introduc­

tion to General Anthropology, 6th ed. New York: 
Harper and Row. 

Anyathian 
Paleolithic industry recognized in the 1930s from terraces of 
the Irrawaddy River (Burma). This industry consists of chop­
per-chopping tools manufactured from fossil wood, silicified 
tuff, quartzite, and quartz. Based on the stratigraphy of the ter­
races, the Anyathian was subdivided into Early and Late phases. 
The actual age of these artifacts can only be guessed at, since 
most of them (especially the Early Anyathian) are abraded and 
occur in secondary contexts. It also seems likely that at least 
some of these "tools" are the result of natural fracturing. 

See also Asia, Eastern and Southern; Chopper-Chopping 
Tools. [G.G.P.] 

Apatemyidae 
A family of rare early Cenozoic mammals related to insectivo­
rans, not primates as once thought, which occurs in both Eu­
rope and North America. In North America, its range is from 
the Paleocene well into the Oligocene, whereas in Europe they 
span the Eocene. These mammals are quite similar in some of 
their convergently attained adaptations to both the lemuri­
form primate Daubentonia (the aye-aye) and the phalangeri­
form marsupials Dactylopsila and Dactylonax. The robustness 
of the skull is related to the hypertrophied, rodendike incisors, 
and new evidence from European Middle Eocene specimens 



(from Messel) show third and fourth hand-ray elongation, 
somewhat similar to the elongated third finger in Daubento­
nia. All of the evidence suggests an insect, grub-hunting, and 
possibly tree-gnawing, adaptive complex for apatemyids, one 
of the most striking of mammalian convergences of unrelated 
fossil mammals to living forms that themselves are convergent 
in their highly derived lifestyles. Paleocene dental evidence of 
apatemyids suggests their derivation from insectivorans that 
were quite unlike archaic primates. [ES.S.] 

Ape 
Grade of primates most closely related to humans. It consists 
of the African apes-the two species of chimpanzee and one 
of gorilla-and the Asian apes-the orangutan and ten 
species of gibbon. Together with humans, these make up the 
superfamily Hominoidea, which can be distinguished from 
other primates by a number of characters. 

As is true of all grades, there are no clear defining charac­
ters of the apes. They can be described as having relatively large 
brains (and, generally, bodies) and no tails, to distinguish them 
from the monkeys, but all of these are hominoid distinguish­
ing marks shared also with humans, and the same goes for all of 
the other characters that are described for the Hominoidea. In 
fact, apes do not form a "natural" evolutionary group apart 
from humans: African apes and people are closely linked, with 
the orangutan the nearest relative of that unit, and the gibbons 
the sister of all larger apes, including humans. 

There is an important historical element in the ways in 
which apes are referred to in scientific and popular literature. 
The apes are often seen as human "cousins," a group of 
closely related but distinct species. There is often an implica­
tion that humans are completely different from the brutish 
apes, and many attempts have been made to push back our 
evolutionary divergence from the apes into the remote past. 
None of this can be sustained, for, in evolutionary terms, 
there is no such thing as a group of nonhuman apes that is 
descended from a common ancestor not also ancestral to hu­
mans; in other words, the apes do not constitute a mono­
phyletic group. It is, thus, an artificial, although still useful, 
group: artificial because it has no evolutionary meaning, but 
useful because it is a convenient term encompassing all non­
human hominoids. It can be further subdivided into the 
lesser apes-the gibbons, or Hylobatidae-and the great 
apes-the orangutan of Asia and the gotilla and chim­
panzees of Africa-which together with humans make up 
the Hominidae, the other family of extant Hominoidea. 

Gibbons 
Six to ten species of gibbon are included in a single genus, 
Hylobates. This is divided into three distinct groups, usually 
recognized by separate subgenera. The concolor group lives 
in Vietnam and Laos, the siamang group inhabits Malaysia 
and Sumatra, and the gibbons proper cover much of South­
east Asia. They are arboreal, highly active animals and are 
common wherever primary rain forest still exists. Their 
method of locomotion is varied, including four-footed 
hanging, bipedal walking (on large branches), and bimanual 
swinging from below branches. The last of these behaviors is 
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brachiation, and the gibbon version of brachiation is unique 
in the animal kingdom. 

The gibbons have a monogamous family system, which 
is unusual in primates. The sexes have equal roles in defend­
ing territory, and one of the results of the sharing of roles by 
males and females is the lack of size distinction (sexual di­
morphism) between them (body weights range from 5 to 12 
kg for all of the species; there is little difference between the 
sexes). They have also developed a complex system of vocal­
ization that is related both to their social structure and to 
their envitonment: In the three-dimensional tree canopies of 
the forests, where visibility is poor but sound carries long dis­
tances, their wide range of vocalizations serves an important 
role in social interactions. 

Orangutan 
The orangutan, Pongo pygmaeus, is the only species of great ape 
in Asia. It is much larger than the gibbons, and its similarity in 
size to the African great apes has led in the past to all being in­
cluded in the group called Pongidae. Most of the similarities, 
however, are due only to size, and the orangutan (along with its 
extinct relatives) is now put into its own hominid subfamily, the 
Ponginae. The orangutan is today confined to the rain forests of 
Sumatra and Borneo, where two distinct subspecies live, one to 
each island. It is arboreal, despite its large size (ranges of body 
weight are from 35 kg in females to 80 kg in males), and loco­
motion in the trees is by slow, cautious, four-handed climbing. 
Orangutans eat mainly fruit, often from high in the tree 
canopy. They are solitary animals or live in small groups cen­
tered on females, with male ranges overlapping those of fe­
males, and this has led to the marked sexual dimorphism so dif­
ferent from gibbons. Orangutans differ from gibbons also in 
being silent animals, with a low repertoire of calls. 

Chimpanzees 
Two species of chimpanzee are recognized, although the 
level of difference between them is in some ways less than 
that between the two subspecies of orangutan. As with the 
orangutan, the two types of chimpanzee have allopatric dis­
tributions, the pygmy chimpanzee (Pan paniscus) living 
south of the Zaire River and west of the Lualaba River, and 
the common chimpanzee (Pan troglodytes) spanning West 
and Central Africa and into East Africa in a broad belt north 
of the Zaire. Three subspecies are recognized, and recent 
molecular genetic studies have suggested that the western­
most variety may be especially distinct. 

The pygmy chimpanzee, or bonobo, lives in swamp 
forests and is more arboreal than its slightly bigger relative. 
The common chimpanzee lives in a variety of habitats, 
spending much of its time on the ground, especially in more 
open or savannah habitats. Body weights are ca. 33 kg for fe­
male and 45 kg for male bonobos, while common chim­
panzee mean weights range from slightly less than that to 45 
and 60 kg, respectively. All are fruit eating, and all move 
about on the ground in a unique form of quadrupedal loco­
motion called knuckle-walking (shared only with gorillas). 
In this, the weight of the body is taken on the middle parts of 
the extended fingers, thus lengthening the already elongated 
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Outline of the Old World with the location of the chimpanzee (pan troglodytes, male, top left) and gorilla (Gorilla gorilla, male, bottom left) in 
Africa, the orangutan (pongo pygmaeus, flmale, bottom) in Borneo and Sumatra, and the gibbons in Southeast Asia (Hylobates hoolock, male, 
right). Drawings not to scale; arrows point only to general regions of habitat. 

forearms. Social structure is complex, with large multimale 
groups occupying a large home range, but social structure 
can be varied according to need, and this fission-fusion flu­
idity is an important part of chimpanzee adaptation. 

Gorilla 
This is the largest of the great apes. Together with the chim­
panzees and humans, it is grouped in the subfamily Homin­
inae, but the exact relationships within this grouping are far 
from clear. The gorillas are also divided into three races or 
subspecies: a western form, an eastern form, and a rare sub­
species found only on the mountains separating East from 
Central Africa. In all of these diverse regions, the gorilla is al­
most entirely terrestrial. It is restricted to forest habitats not 
so much because of the presence of trees as because these are 
the places where the lush ground vegetation on which goril­
las depend grows. Its method of locomotion is knuckle­
walking, identical to that of the chimpanzees, and, like 
chimps, it sleeps in "nests" built of loosely woven leaves and 
branches. Gorillas differ from chimpanzees in being much 
larger and more sexually dimorphic (mean body weights 
range from 70-100 kg for females to 160-180 kg for males, 
with almost no overlap between the sexes). Their greater ter­
restriality and their dependence on vegetable food as op­
posed to fruit are both related to this larger size. Gorillas live 
in multimale groups, as do the chimpanzees, but the groups 
are smaller and are age-graded. The oldest (and biggest) male 
is the dominant animal in the group, and, in all three sub­
species, it develops a saddle of white hair on its back, so that 
this leading male is commonly known as a silverback. 

See also Diet; Grade; Hominidae; Homininae; Hominoidea; 
Hylobatidae; Locomotion; Monkey; Monophyly; Ponginae; 

Primate Ecology; Primate Societies; Scala Naturae; Sexual 
Dimorphism. [P.A.] 
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Apidima 
Locality in the southern tip of the Mani peninsula, south­
ern Peloponnese, Greece, yielding human fossils and arti­
facts. The site consists of four karstic caves eroded out of 
the Mesozoic limestone sea cliff face and containing fossil­
iferous brecciated deposits. Cave A has yielded two fossil 
hominin crania, Apidima I and II, which are thought to be 
possibly of Middle Pleistocene age, mainly on the basis 
of geomorphological considerations. Apidima II appears 
to be a relatively early member of the Neanderthal clade, 
perhaps a late "archaic Homo sapiens" in the sense of this 
Encyclopedia; it is a fairly well-preserved cranium with 
damage to the base, occiput, and dentition. Apidima I re­
mains unprepared. A relatively complete early anatomically 
modern human skeleton has also been recovered from 
Cave B at the site. The lithic assemblages include Middle 
and Upper Paleolithic artifacts. The faunal remains are 
thought to represent a Late Pleistocene faunal assemblage, 



Frontal view of the Apidima 11 cranium (cast), resting on the breccia 
block from which it was removed. 

perhaps indicating alternating forested and steppe-like pa­
leoenvironments. 

See also Archaic Homo sapiens; Europe; Middle Paleolithic; 
Neanderthals; Upper Paleolithic. (K.H.) 

Further Readings 
Harvati, K. and Deison, E. (I 999) Conference report: Pale­

oanthropology of the Mani Peninsula (Greece). Jour­
nal of Human Evolution 36:343-348. 

Apollo-ll 
Rockshelter site in the Orange River Valley of Namibia near 
the South African border. Excavated by WE. Wendt from 
1969 to 1972, the site is characterized by a long series of 
Middle Stone Age (Mode 3, 4) and Later Stone Age (Mode 
5) industries, spanning the Late Pleistocene and the Holo­
cene, ca. 130-6 Ka, and dated by both radiocarbon and 
amino-acid racemization. Industries include Middle Stone 
Age horizons based on both flake and blade technologies, 
possibly beginning as early as the last interglacial, ca. 130 Ka, 
and incorporating at least one layer of Howieson's Poort ma­
terials in association with pigments and incised ostrich­
eggshell fragments. The uppermost Middle Stone Age hori­
zon represents perhaps 20 Kyr of accumulation, dated by 
radiocarbon berween 46.4 and 25.5 Ka, and incorporates at 
the top the oldest dated images in Africa: fragments of 
painted slabs with animal representations in red outline. Un­
like many sites in interior southern Africa, the shelter was 
more or less continuously occupied or reoccupied berween 
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crolithic Later Stone Age industries with ostrich-eggshell 
beads and then, by 10.4 Ka, of microlithic Wilton horizons. 

See also Howieson's Poort; Klasies River Mouth; Later Stone 
Age; Middle Stone Age; Modern Human Origins; Paleo­
lithic Image; Stone-Tool Making; Wilton. [A.S.B.) 

Further Readings 
Wendt, E. (I 976) "Art mobilier" from Apollo 11 Cave, 

South West Africa: Africa's oldest dated works of art. S. 
Afr. Archeo. Bul. 31: 5-11. 

Arago 
Cave near Tautavel in the French Pyrenees excavated since 
1964. Deep Pleistocene sediments contain faunal remains, 
Early Paleolithic artifacts, and fossil hominids. The archaeo­
logical levels at Arago include Tayacian assemblages overlain 
by Acheulean assemblages. The Tayacian assemblage features 
large and small pebble-choppers and many small retouched 
tools, primarily simple scrapers, notches, Tayac points, den­
ticulates, and becs (stubby perforators). Most tools are made 
of locally available materials, primarily quartz with small 
amounts of flint and quartzite. The Acheulean assemblage 
found in the uppermost levels, above the hominid fossils, is 
made mostly of schist. Oval and amygdaloid Acheulean 
handaxes are accompanied by flakes struck with the Levallois 
technique. The original dating of the main hominid finds 
was Rissian (late Middle Pleistocene), but this dating has 
been revised, and faunal and absolute dating methods are 
now claimed to place them as Mindelian (ca. 450 Ka). The 
relevant small-mammal faunas and certain other absolute 

20 and 6 Ka, and it preserves a long series, first, of nonmi- Facial view of the Arago 21 hominid 
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dates, however, point to a somewhat younger age. The first 
significant hominid remains from Arago were two 
mandibles, Arago 2 and 13. Both are robust and chinless, but 
they contrast strongly in overall size and dental dimensions. 
This difference is probably a reflection of sexual dimor­
phism, with the smaller Arago 2 mandible deriving from a 
female. This mandible also appears more Neanderthal-like 
in the forward positioning of the dentition. The most com­
plete Arago fossil hominid is the partial skull represented by 
a face and frontal bone (Arago 21) and a right parietal (Arago 
47), which probably derive from the same individual. Frag­
mentary postcranial bones have also been discovered, includ­
ing a robust innominate bone (Arago 44). The classification 
of the Arago hominids has been a source of some dispute. 
The main describers of the material favor assignment to 
Homo erectus, while others regard them as fossils of "archaic 
Homo sapiens." 

See also Archaic Homo sapiens; Early Paleolithic; Europe; 
Tayacian. [J.].S., C.B.5.] 

Arambourg, Camille (1885-1969) 

French paleontologist. Born in Algeria, Arambourg con­
ducted the first geological and paleontological survey of 
the Omo region (Ethiopia) in 1933. Some 34 years later, in 
1967, Arambourg led a French contingent that joined efforts 
with groups from the United States (led by EC. Howell) and 
from Kenya (directed by L.S.B. Leakey) to inaugurate mod­
ern work in the region. This combined effort resulted in the 
discovery of the remains of several hundred fossil hominids, 
recovered between 1967 and 1974. The major focus of 
Arambourg's work, however, was the prehistory of North 
Africa. During the 1950s he and R.I. Hoffstetter discovered, 
in a late Middle Pleistocene deposit at Ternifine (now known 
as Tighenif) near Oran (Algeria), the remains of a hominid 
that he later dubbed Atlanthropus mauritanicus. He was also 
responsible for describing the mandibular fragments found 
by P. Biberson at Sidi Abderrahman (Morocco) in 1954. 

See also Africa, East; Biberson, Pierre; Sidi Abderrahman; 
Tighenif; Turkana Basin. [ES.] 

Archaeolemuridae 

Recently extinct family of Indriiformes. The subfossil re­
mains of archaeolemurids are known from marsh and cave 
deposits in southern, southwestern, central, northwestern, 
and northern Madagascar. Around the turn of the twentieth 
century, the archaeolemurids gave rise to the idea that "mon­
keylike" primates once existed in Madagascar, but there is no 
basis for this conclusion-although the expanded upper 
incisors of Archaeolemur may suggest that no superior labial 
tract was present and, thus, that these primates may not have 
retained the primitive "wet nose" characteristic of the highly 
olfactory surviving Malagasy lemurs. 

Two genera are attributed to Archaeolemuridae: Ar­
chaeolemur and Hadropithecus. At least two species of Ar­
chaeolemur are known: the relatively robust A. edwardsi from 
the center of the island and the more gracile A. majori from 

the south and southwest. Whether the new specimens of Ar­
chaeolemur described in the 1980s and 1990s from the 
northwest and the far north of Madagascar represent one or 
two additional species must await further study. A single 
species of Hadropithecus, H. stenognathus, has been described 
from sites in both the center and the south and southwest of 
Madagascar. 

In size, the archaeolemurines are intermediate between 
the living indriids and the extinct palaeopropithecids, esti­
mated body weights in all three species falling between ca. 15 
and 25 kg. Archaeolemur is the less specialized of the two 
archaeolemurid genera, retaining a general conformation of 
the skull that is close to the indriid condition, although of 
much heavier build due to greater size. Alone among the 
large-bodied extinct lemurs, the archaeolemurids retain the 
primitive lemuriform inflated auditory bulla and the posi­
tioning of the eardrum at the outside of the skull. A. edwardsi 
is slightly larger and considerably more robust than is A. ma­
jori and characteristically shows a well-developed sagittal crest 
and heavy nuchal ridging. In both species, the mandible is ro­
bust, and the symphysis is fused and quite upright, in con­
trast to the oblique, unfused symphysis of the indriids. 

The most striking skull specializations shown by 
Archaeolemur lie in the dentition. The premolars are com­
pressed laterally to form a continuous longitudinal, scissor­
like, shearing blade, and the molars are small and squared­
off, with a cusp at each corner. The front and rear cusp pairs 
are joined transversely by continuous crests, known as lophs, 
producing a "bilophodont" condition otherwise seen in pri­
mates only among Old World monkeys. The central upper 
incisor is much enlarged, while the lower front teeth are rela­
tively short and, in contrast to those of other lemuriforms, 
are not fully procumbent. The premolar blade represents an 
adaptation unmatched among extant primates, but the en­
semble of dental characters suggests a diet preponderantly of 
fruit. All archaeolemurids retain a third premolar in each 
quadrant of the jaw that has been lost in the indriids and 
palaeopropithecids. 

In its postcranial skeleton, Archaeolemur shows a set of 
adaptations very different from those of the families just 
mentioned. This lemur appears to have been a short-legged 
and powerfully built quadruped, with amazingly short ex­
tremities (the foot of Archaeolemur is shorter than that of its 
relative Indri, an animal only one-third its size) that suggest a 
substantial commitment to ground-dwelling. 

Hadropithecus is yet more specialized in its dentition 
than Archaeolemur. Its front teeth are greatly reduced, and 
the lower ones are completely upright. The molars, in con­
trast, are hugely expanded, with high, rounded enamel folds, 
and the last premolar is enlarged and incorporated into this 
grinding row, although the two anterior premolars are re­
duced and still show some vestiges of an Archaeolemur-like 
shearing edge. The grinding battery of cheek teeth rapidly 
wore flat to produce a surface of alternating shearing edges 
of enamel and shallow basins of dentine. The skull of Had­
ropithecus is modified to accommodate this powerful and un­
usual dentition; it is extremely short-faced and heavily built 
to absorb great masticatory stresses, and it bears strong mus-
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Crania, in lateral view, of the three archaeolemurid species. 'fop left: Archaeolemur majori; bottom left: A. edwardsi; right: Hadropitheclls 
stenognathlls. 

de markings, notably sagittal cresting. The postcranial skele­
ton of Hadropithecus is poorly known, but bones thought to 
belong to H. stenognathus are generally similar to those of 
Archaeolemur except in being more lightly built. 

The contrasts between Archaeolemur and Hadropithecus 
have been likened to those between the close relatives Papio, the 
common baboon (a relatively adaptable denizen of both tree 
savannahs and more forested environments), and Theropithe­
cus, the gelada. Like Hadropithecus, the latter displays reduction 
of the anterior dentition and enlargement and elaboration of a 
rapidly wearing posterior grinding battery, and-for a ba­
boon-is short-faced. In contrast to Papio, essentially a wood­
land dweller, Theropithecus is adapted to an open, treeless habi­
tat. Its sustenance comes entirely from terrestrial sources and 
consists largely of small, tough, and otten gritty objects, such as 
the seeds, rhizomes, and blades of grasses, small bulbs, and 
arthropods. These objects are gathered by hand, obviating the 
necessity of cropping with the front teeth. In view of the de­
tailed suite of dental similarities between the two, we may con­
clude that Hadropithecuswas adapted to an ecological role sim­
ilar to the geladis: that of an open-country "manual grazer." 

The postcranial adaptations of the archaeolemurids have 
proved to be the key to understanding how this family is related 
to the other indrioids (i.e., the indriids and the palaeopropithe­
cids). The palaeopropithecids show a spectrum of suspensory 
adaptation culminating in the extraordinarily specialized sloth­
like hanger Palaeopropithecus. However, the smaller, less apo-

morphic members of the family remain remarkably indriidlike 
in their skulls and dentitions; and all paleopropithecids and in­
driids, in contrast to the archaeolemurids, show the derived loss 
of one premolar in all dental quadrants. It appears that a cran­
iodentally conservative and postcranially generalized indri­
iform ancestor with three premolar teeth gave rise, on the one 
hand, to the three-premolared terrestrial archaeolemurids and, 
on the other, to a two-premolared but still postcranially gener­
alized lineage. The latter then split to produce the leaping (but 
still quite suspensory) indriids and the hanging palaeopro­
pithecids. Archaeolemuridae, therefore, appears to be the sister 
of a single clade consisting of Indriidae plus Palaeopropitheci­
dae. The question of how this should affect the classification of 
these taxa has yet to be formally addressed; when it is, it seems 
most likely that the superfamily Indrioidea will be seen to con­
tain two families. Archaeolemuridae will contain the two 
genera that form the subjects of this entry, while the family In­
driidae will contain the two subfamilies Indriinae and Palaeo­
propithecinae (each containing more genera than Archaeole­
muridae). 

The reconstruction of the archaolemurids as forms 
with a predominantly terrestrial specialization raises the 
question of the environment in which these lemurs lived. 
Until the 1980s, the feeling was that, on the advent of hu­
mans some 1,500 years ago, Madagascar was more or less 
completely forested. Scholars now realize that this was prob­
ably not the case. Madagascar has been as affected as any 
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tropical area by the climatic oscillations that marked the 
Pleistocene epoch. Grasslands may have been a perennial 
feature of the Malagasy landscape, even if their extent fluc­
tuated considerably: and if so, it is hardly surprising that the 
indrioids produced a branch adapted to such environments 
(with Archaeolemur perhaps having been a denizen of forest­
edge environments, while Hadropithecus flourished in more 
completely open habitats). Further, if humans arrived while 
Madagascar was undergoing an unusually arid climatic 
regime, a high level of environmental stress may well explain 
why the large-bodied sub fossil lemurs succumbed so rapidly 
to the impact of human activities, whether direct (hunting) 
or indirect (habitat destruction). 

Family Archaeolemuridae 
t Archaeolemur 
t Hadropithecus 

See also Indrioidea: Lemuriformes: Palaeopropithecidae: 
Teeth. [LT.] 

Further Readings 
Mittermeier, R.A., Tattersall, I., Konstant, WR., Meyers, 

D.M., and Mast, R.B. (1994) Lemurs of Madagascar 
(Tropical Field Guide No. l). Washington, D.C.: Con­
servation International. 

Tattersall, I. (1982) The Primates of Madagascar. New 
York: Columbia University Press. 

Archaeological Sites 
Places that contain evidence of past human activiy. This evi­
dence consists of archaeological inventories--portable items 
like stone and bone tools or bones of animals hunted and 
eaten-and ftatures--permanent objects like hearths, stor­
age pits, burials, and dwellings. 

Paleolithic sites vary in size from a handful of stone 
tools scattered over 1-2 m2 to huge villages that cover areas 
of more than 10,000 m2 and contain rich inventories and 
numerous features. The vast majority of the studied Pleis­
tocene sites are found on land, although research indicates 
that some sites are today submerged under lakes and seas that 
expanded after the Late Pleistocene deglaciation. Archaeo­
logical sites contain information on an almost endless num­
ber of variables, including their location, the nature of the 
inventories and features they contain, and the geographic 
and geological context in which archaeological materials are 
found. Archaeologists use these variables to classifY sites. 
Since their research questions involve only a few variables­
those that provide the most suitable data-the resulting site 
classifications are not all-inclusive, nor are they valid when 
other variables are considered. The following are some of the 
more common ways of classifYing Paleolithic sites. 

Classification of Sites 
CLASSIFICATION BY ARCHAEOLOGICAL CONTENTS 

The oldest classificatory scheme used in archaeology, one 
that gave rise to the term Paleolithic, or Old Stone Age, 
grouped sites according to the archaeological materials 

found in them. We still use this classification: for example, 
Pleistocene sites containing predominantly simple choppers 
and unmodified flakes are Oldowan: those with bifacially 
worked handaxes and cleavers are Acheulean: those contain­
ing tools made on flakes are Middle Paleolithic: those with a 
predominance of blade tools are Late Paleolithic. This way of 
grouping sites emphasizes the chronological relationship 
among stone-working technologies and is used when ques­
tions about the relative chronology of a site are being asked. 

CLASSIFICATION BY CONTEXT 

The geological context in which prehistoric features and in­
ventories are found is often used for site classification as well. 

This variable separates surface finds, or scatters-which con­
sist of stone tools and sometimes faunal remains found lying 
uncovered on present-day surfaces-from stratified ones 
found buried in geologic strata devoid of human-made 
items. Stratified layers or sites can consist of either single levels, 
which resulted from discrete occupational episodes in the 
past, or multiple layers superimposed on one another and sep­
arated by sterile geologic deposits. The latter came about be­
cause the same location was repeatedly used by prehistoric 
people. 

CLASSIFICATION BY CONDITION 

OF CULTURAL REMAINS 

The condition in which features and inventories are discov­
ered offers another way for classifYing Paleolithic sites. If ar­
chaeological materials have remained where, and as, prehis­
toric groups left them, the sites are considered to be in 
primary context and are termed in situ. Often, however, post­
depositional processes have severely affected the archaeologi­
cal remains, redepositing them downslope, destroying some 
of them through erosion or weathering, and so on. Archaeo­
logical remains found in such a disturbed context are said to 
be in a secondary, disturbed, or redeposited state. 

CLASSIFICATION BY SITE LOCATION 

Another common way of classifYing sites is by their geo­
graphic context or location. This scheme produces such types 
as cave and rockshelter (or abri) sites. The former usually refers 
to cases where cultural materials are found deep inside caverns: 
the latter two synonyms refer to materials found under rock 
overhangs. Human occupations that took place without the 
protection of such natural shelters are called open-air sites. 
Since most human settlements took place in well-defined geo­
graphic locations, these are sometimes used to define site types 
as well. In this scheme, archaeological remains found near 
present or past lakeshores are termed lacustrine sites, those near 
rivers or streams fluviatile, or river valley, sites, and so on. 

CLASSIFICATION BY DURATION OF OCCUPATION 

In some cases, especially when dealing with prehistoric settle­
ment systems, the length of time a site was occupied is used for 
classificatory purposes. This parameter separates seasonal 
camps or occupations from sedentary ones occupied year-round. 
Sites that show evidence for brief occupation, a few hours at 
most, by a single person or a small number of individuals, are 
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Stratified rockshelter site of Abri Pataud in southwestern France. The numbers refer to levels with archaeological remains as follows: 

level 1 : lower Solutrean 

level 2: proto-Magdalenian 

level3: Perigordian VI 

level 4: Perigordian Vc 

level 5: Perigordian IV 

level 6· evolved Aurignacian 

level 7: intermediate Aurignacian 

level 8, 9, 10: intermediate Aurignacian 

level 11 , 12: early Aurignacian 

level 13, 14: basal Aurignacian 

From T. Champion, C. Gamble, S. Shennan, andA. Whittle, Prehistoric Eutope, 1984, by permission of the publisher, Academic Press Limited 
London. 

sometimes termed locations to distinguish them from sites, 
which in this scheme show a greater intensity of occupation. 

Cl.ASSIFICATION BY SITE FUNCTION 

Archaeological remains often indicate the kind of prehistoric 
behavior that took place at a site, and so sites can be grouped 
according to the behavior that went on in them. Such a clas­
sificatory scheme separates habitation, or living, sites from 
special-purpose sites or locations, such as kill or butchery sites. 
Habitation sites occupied for relatively brief periods of 
time-say, one or two seasons-are called base camps; those 
inhabited year-round or nearly year-round are called villages. 
In later prehistory, settled villages were occupied for hun­
dreds of years. As time went on and structures became dilap­
idated, were abandoned, and ultimately collapsed, new ones 

were built on top of them. In time, this produced huge 
mounds of old building debris, called tells, which are quite 
common in some parts of the Old World. 

Lithic workshops, or quarries, are a type of task-specific 
site used by prehistoric groups to extract stone for toolmak­
ing. Middens, found along seacoasts and rivers, contain siz­
able accumulations of shells, bones, and other cultural 
refuse. They occur where people routinely ate shellfish, 
snails, or goodly amounts of sea mammals and fish in prehis­
toric times. The resulting garbage dumps were sometimes 
used for burial of the dead but were rarely lived in. 

A number of disparate sites where special types of non­
utilitarian behavior took place in prehistory are known as 
ceremonial sites. When prehistoric burials took place outside 
of habitation sites, a special type of ceremonial site, the bur-
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Enkapune ya Muto rockshelter site in Kenya. Courtesy of Stanley 
Ambrose. 

ial site, resulted. In other cases, the painting of cave or rock­
shelter walls during the Late Paleolithic and Mesolithic, pos­
sibly as a part of wider ritual practices, resulted in cave-art 

sites. Finally, some prehistoric groups, especially in the New 
World, constructed hillocks that they used for various pur­
poses. Some of these earthen constructions, called mounds, 

were used as platforms for temples, others held burials, and 
still others were figurative in design and probably had some 
ritual or ideological significance for their builders. 

See also Archaeology; Ritual; Site Types. [0.5.] 

Further Readings 
Fagan, B. (1997) In the Beginning: An Introduction to Ar­

chaeology. 9th ed. New York: HarperCollins. 

Yudinovo Late Paleolithic open-air site under excavation. Courtesy of 
Olga Soffer. 

Renfrew, C, and Bahn, P. (1996) Archaeology: Theory, 
Method, and Practice. Second edition. London: 
Thames and Hudson. 

Archaeology 
Recovery and study of material remains of past societies to 

gain insights into human history and prehistory. Modern ar­
chaeology also considers the association of these societies 
with one another (man-man relationships) and with the pa­
leo landscape (man-land relationships, archaeological context). 

The goals of anthropological archaeology in particular in­
clude the reconstruction of cultural evolutionary sequences, 
the understanding of past lifeways, and the explanation of 
the natural and cultural processes that affect cultural systems 
and cause evolutionary shifts in human adaptations. 

History of Archaeology 
An interest in antiquities may be as old as Homo sapiens. Late 
Pleistocene fishing people at Ishango in eastern Zaire col­
lected Pliocene fossils (e.g., Stegodon kaisensis); fossil shells 
were brought by Early Aurignacian people to Abri Pataud in 
southern France; and some of the earliest historical records 
suggest that the ancient Babylonians treasured the artifacts 
of their vanished predecessors and even conducted excava­
tions to recover them. (The first recorded field archaeologist 
cum museum curator appears to have been En-nigaldi­
Nanna, the daughter of King Nabonidus.) 

It was not until the eighteenth century, however, with 
the excavations at Pompeii and Herculaneum in Italy, that 
field archaeology was established as a valid approach to the 
history of past civilizations. In European regions that were 
peripheral to the classical civilizations, such as Denmark and 
England, excavations of megalithic monuments led to specu­
lation abour prehistoric and pagan antecedents, to the study 
of Stonehenge in 1650-1670 (by J. Aubrey), and to the earli­
est recorded use of stratigraphy, archaeological context, and 
association to establish the age of a buried monument (by E. 
Lhwydd in 1699). At the end of the eighteenth century, 
British antiquarian John Frere identified handaxes from the 
Thames Valley site of Hoxne as "weapons of war, fabricated 
and used by a people who had not the use of metals" and cor­
rectly ascribed them to "a very remote period indeed, even 
beyond that of the present world." By the nineteenth cen­
tury, archaeology was seen not only as a window into daily 
life in classical times, but also as the only access to a long ex­
panse of prehistoric times, before written records. 

In Denmark, during the late 1700s and early 1800s, the 
classification of Danish antiquities into three periods­
Stone, Bronze, and Iron-provided the first relative chronol­
ogy for archaeological sites. This three-age system was codi­
fied by Danish museum curators Thomsen and Worsaae in 
the exhibit halls and guidebook of the Danish National Mu­
seum during the period 1829-1843. The study of classical 
antiquities also became more systematic, through the deci­
pherment of hieroglyphic (1822) and cuneiform (1837-
1846) scripts. 

By 1860, the existence of a very ancient age of "chipped 
stone" (redefined as the "Paleolithic Epoch" by Sir John Lub-



bock in 1865) was established by excavations in both Eng­
land and France, especially by the work of J. Boucher de 
Perthes in the Somme gravels and E. Lartet at Aurignac. By 
the end of the 1860s, Paleolithic archaeology was firmly es­
tablished by the excavation of ancient but recognizable 
Homo sapiens fossils in association with the bones of extinct 
animals in 1869 at Cro-Magnon in the Dordogne and by the 
beginnings of a biostratigraphic sequence for Paleolithic as­
semblages (E. Lartet and H. Christy, 1865-1875). 

Important developments in twentieth-century archae­
ology include renewed emphasis in the period 1905-1920 
on stratigraphy as the basis of relative chronologies; the de­
velopment of regional sequences in most areas of the world 

between 1930 and 1970; a new focus beginning ca. 1940 on 
the reconstruction of paleoenvironments and paleoclimates; 
and a wide range of new techniques for the dating, recovery, 
and analysis of archaeological remains. Advances in data 
collection and analysis allowed later twentieth-century ar­
chaeologists to concentrate on questions concerning the 
processes of cultural evolution and the relationship between 
present and past cultures and the formation of the archaeo­
logical record. 

Subfields of Archaeology 
Since archaeology is simply a material approach to recon­
structing the past, the questions asked by the archaeologist 
and the goals of archaeological investigations are determined 
by the particular historical discipline with which the archae­
ologist is affiliated. 

Prehistorians study the archaeological remains of soci­
eties with no wrirten records, and their training is often con­
centrated in geology and anthropology (ethnology). De­
pending on the prehistorian's training, the focus of inquiry 
varies from the reconstruction of cultural sequences through 
time, to paleoenvironmental reconstructions, to an under­
standing of past lifeways and the processes of change. 

Classical archaeologists receive their primary training in 
art history, classics, or Near Eastern studies and have been 
concerned primarily with the documentation of art styles, 
the recovery and study of archives and inscriptions, the iden­
tification and description of particular monuments or sites 
of the ancient world known from historical records, and, 
more recently, the reconstruction of daily life in antiquity. 

Biblical archaeologists are classical archaeologists whose 
training may involve divinity school and whose interests in­
clude verification and amplification of biblical history. 

Historic archaeologists study the material remains of the 
recent antecedents of modern societies to provide an alterna­
tive view to that given by wrirten records. Of particular inter­
est to historic archaeologists are the ordinary lives of common 
people (e.g., workers, slaves, soldiers), who are often not well 
represented in archival materials, and changing settlement 
parterns, trade networks, economic strategies, and symbolic 
systems. In England, for instance, Anglo-Saxon, medieval, and 
industrial archaeologists share some of the historical archaeol­
ogists' goals and training. Salvage archaeologists (called cul­
tural-resource managers in the United States), who may be 
trained in any archaeological specialty, conduct archaeologi-
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cal surveys and excavations for remains of any time period in 
areas threatened by construction or development. 

Anthropological archaeologists, trained in anthropology, 
are the largest group of archaeologists, at least in the United 
States, where the connection between living Native Ameri­
cans and the prehistoric past has led to greater expectations 
for the reconstruction of past lifeways. While early research 
in anthropological archaeology, as in other sub fields, focused 
on the reconstruction of regional sequences, anthropological 
archaeologists have since the 1960s turned increasingly to 
questions concerning the processes responsible for cultural 
evolution and cultural adaptations to particular environ­
ments. More recent concerns of anthropological archaeolo­
gists include the reconstruction, or deconstruction, of pre­
historic (or historic) philosophies or worldviews from 
material remains (critical archaeology), the understanding of 
emerging political and class relationships of domination; 
and the elucidation of past differences in gender roles and 
contributions to the archaeological record. 

The new technologies of dating, data recovery, and 
analysis have led individuals trained in the physical, or natural, 
sciences to become interested in archaeological research ques­
tions. These scientists are known variously as archaeometrists, 
who handle dating techniques, human-bone biochemistry, 
physical and chemical analysis of artifacts, or prospection 
techniques; archaeozoologists, who study archaeologically re­
covered faunal remains to determine diet, subsistence pat­
terns, and other aspects of past cultures; and archaeobotanists, 
who study archaeologically recovered plant remains, includ­
ing fibers, phytoliths, pollen, seeds, and pottery or hardened 
mud impressions to determine human use of plants. 

Formation of the Archaeological Record 
Like the fossil record, the archaeological record is created 
through natural taphonomic processes resulting in concen­
tration of remains in the landscape, differential preservation 
and burial, and postdepositional disturbances. Formation of 
the archaeological record, however, is also strongly affected 
by cultural rules concerning such factors as technology and 
raw-material use; activity placement; storage, discard, or 
"dumping"; long-distance trade or transport; and burial and 
reoccupation. Archaeological sites, or concentrations of arti­
facts, may be created primarily by the culturally defined dis­
card patterns of a group of prehistoric occupants (primary 
context) or may result from the transport and concentration 
of discarded artifacts and noncultural remains by natural 
processes, such as erosion or stream action (secondary con­
text). Interpretation of archaeological data depends on un­
derstanding both natural and cultural formation processes, 
as well as the symbolic aspects of artifact styles, use of space, 
and human relationship to the environment. 

Although knowledge of ethnographic data from pres­
ent-day societies, particularly in regard to cultural formation 
processes, is essential to the understanding of archaeological 
data, it can also be misleading. Human societies of the past, 
particularly societies of non-sapiens humans, often have no 
close or even distant parallels in the present. While some 
scholars disparage the use of ethnographic data, particularly 
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from hunter-gatherers living in marginal environments at 
the fringes of modern national economies, others have de­
veloped transformational models that use the limited vari­
ability of modern societies (and/or experimental reenact­
ments or simulations of past behaviors) to predict (or 
retrodict) how past societies would have operated under 
specified conditions. The expected archaeological correlates 
of these predictions can then be tested against the data re­
covered from survey and excavation, through the use of mid­
dle-range theory, which specifies the relationship between the 
ethnographic pattern and the archaeological one. 

Recovery of Archaeological Data 
Archaeological data consist of three main classes: (1) the ac­
tual artifacts, structures, and land-surface modifications; (2) 
physiographic, sedimentological, faunal, and botanical evi­
dence bearing on past landscapes and environments; and (3) 
the contextual relationships among artifacts and between ar­
tifacts and the reconstructed landscape, region, and environ­
ment of the past. In recovering archaeological data through 
survey, surface collection, or excavation, the archaeologist in­
terested in past lifeways should attempt to gather an adequate 
and representative sample of artifacts and structures, rather 
than just the most beautiful pots, gold jewelry, and temples. 
Collection of pollen and sediment samples, and recovery of 
microfaunal and micro botanical remains through sieving 
and flotation procedures, will allow a more complete descrip­
tion of the environmental context and an estimation of 
chronological age independent of that suggested by the arti­
facts. Finally, careful measurement and recording of finds in 
their landscape and stratigraphic context, as well as in three­
dimensional space, will permit the eventual study of interre­
lationships within and among different classes of recovered 
data. 

Although the archaeologist's eye is naturally drawn to 
large concentrations of artifacts and structures that are visi­
ble on the surface, the research design should ensure that a 
data sample is representative of the buried archaeological 
record in a given area. The first task is to define a region to be 
sampled, either with reference to a present environmental 
feature, such as a river valley, or a past one, such as a paleo­
lakeshore. Definition of the sampling region often requires 
the archaeologist to envision the territory or range utilized by 
a past society, which may combine a group of environmental 
features, such as a lake, a river valley, and a mountain area. 

After setting the boundaries of the sampling universe, 
the archaeologist chooses a sampling design. In rare cases, 
the archaeologist attempts to walk over the entire region, re­
cording all surface artifacts and features, with the assump­
tion that this is an adequate sample of the buried remains. 
More commonly, he or she divides the region into grid 
squares, circles, or transects and surveys the surface of a given 
percentage of these, chosen either entirely at random or at 
even intervals across the region (e.g., every tenth unit). The 
entire region may be treated equally, or greater emphasis or 
coverage may be given to those natural environmental subdi­
visions of the region judged most likely to yield archaeologi­
cal remains (stratified random survey). 

Since archaeological remains on the present land sur­
face are often exposed through nonrandom processes of ero­
sion and natural concentration (e.g., lag deposits, stream ac­
tion, slopewash), the surface record may provide a poor 
picture of the buried record. There are several techniques for 
sampling the buried record, provided that the overburden is 
relatively shallow. These include deep plowing of selected 
grid units or transects, resistivity survey for magnetic anom­
alies in the soil, various forms of aerial remote sensing, and a 
posthole or auger sample at random or regular intervals. For 
more deeply buried remains, the archaeologist may elect to 
excavate one-meter-square or -diameter units at random or 
regular intervals, although this technique is costly for the in­
formation gained. 

Once the surface or subsurface concentration of archae­
ological remains has been determined or estimated, the ar­
chaeologist may select several locations for more intensive 
exploration through excavation. Since modern excavation is 
an expensive and time-consuming procedure, sites are often 
chosen so as to yield the maximum information about the 
widest range of past activities. Unfortunately, this practice 
has resulted in a bias within regions toward areas in which 
certain past activities were concentrated (e.g., rockshelters, 
large towns) and away from loci where other activities may 
have been conducted in a more dispersed manner (home­
steads, farms, gardens, low-density open-air patches of mate­
rial). Strategies for correcting this bias through a deliberate 
emphasis on low-density sites are being developed in several 
archaeological research areas, from the Plio-Pleistocene of 
East Mrica to the Upper Paleolithic of the Perigord region of 
France to the dispersed hamlets of ancient Mayan farmers. 

Analysis of Data 
One of the archaeologist's first tasks is to reconstruct chrono­
logical sequences. The age of buried remains may be deter­
mined through a combination of techniques, including 
geochronometry, biochronology, comparison with artifactual 
remains of known age (cultural cross-datiniJ, or establishment 
of a purative regional sequence using site or assemblage simi­
larity as a rough indicator of temporal proximity (seriation). 

A second important task is the cataloging, description, 
and analysis of the recovered artifacts from a technological, 
functional, and stylistic perspective. Bones are identified as 
to species and examined for evidence of butchery or deliber­
ate shaping; stone tools may be analyzed for the existence of 
scars from use or manufacture, of chemical residues, or of 
micro polishes indicative of function; ceramics, glasses, and 
metals can be studied in terms of design elements, chemical 
traces of raw-material sources, or physical traces of techno­
logical processes. 

Other tasks are the reconstruction of the paleoenviron­
ment and of the past diet and economy. Study of raw mate­
rials and their sources may provide information about trade 
routes, procurement practices, and economic organization; 
comparisons of technological practices, artifact styles, and 
differential access to materials may provide information 
about past social organizations. One question frequently 
asked of archaeological data, for example, concerns the rela-



tive abundance or poverty of grave or household goods for 
different segments of society (e.g., males vs. females, adults 
vs. children, leaders vs. the majority, and central settlements 
vs. outlying camps or villages) and the implications for the 
emergence of status or hierarchical differences. Finally, study 
of the symbolic aspects of the archaeological record can sug­
gest clues to cognitive abilities, ritual practices, beliefs, and 
ideology. 

See also Aggregation-Dispersal; Anthropology; Archaeologi­
cal Sites; Biochronology; Bone Biology; Clothing; Complex 
Societies; Cultural Anthropology; Culture; Diet; Domesti­
cation; Economy, Prehistoric; Ethnoarchaeology; Exotics; 
Fire; Geochronometry; Hunter-Gatherers; Jewelry; Lithic 
Use-Wear; Man-Land Relationships; Musical Instruments; 
Paleoanthropology; Paleobiology; Paleoenvironment; Paleo­
lithic; Paleolithic Lifeways; Paleomagnetism; Paleontology; 
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Archaic Homo sapiens 
The usage of the species name Homo sapiens has, since the 
early 1960s, often been extended to include such archaic fos­
sil material as the European Neanderthals, the Broken Hill 
cranium from Zambia, and the Ngandong (Solo) specimens 
from Java, which many workers formerly regarded as repre­
senting species distinct from modern humans. My own view 
is that this wider usage of Homo sapiens has outlived its use­
fulness (see below). However, when used in this wide way, 
Homo sapiens consists of two main subgroups, "modern 
Homo sapiens" (living humans and closely related forms) and 
"archaic Homo sapiens" (Neanderthals and other non modern 
fossil forms). Although the Neanderthals in this reckoning 
must be considered as one type of "archaic Homo sapiens," 
they have their own special characters, and they are discussed 
separately in this volume. The Ngandong material has also 
been treated separately, as there is increasing evidence that 
these specimens, in fact, represent an evolved form of Homo 
erectus rather than "archaic Homo sapiens." 

Determining which specimens actually belong in "ar­
chaic Homo sapiens" rather than Homo erectus is not always 
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straightforward, as many fossils from the Middle Pleistocene 
display mosaic (mixed) features of the two species that are 
sometimes seen as reflecting a gradual evolutionary transi­
tion between the two groups. If a rapid punctuational evolu­
tionary change had occurred between the two species Homo 
erectus and "archaic Homo sapiens," fossils with such mixed 
and apparently intermediate characteristics would not be ex­
pected in the meager fossil sample so far available. 

Characteristics of "Archaic Homo sapiens" 
Broadly speaking, it is possible to list the following character­
istics that typify (but do not occur universally or exclusively 
in) the fossil specimens from Europe, Asia, and Mrica that are 
sometimes grouped in "archaic Homo sapiens' (excluding the 
Neanderthals). Endocranial capacity ranges between ca. 1,000 
and 1,400 ml, with the minimum figure similar to the mean of 
Homo erectus and the maximum figure comparable with the 
means of Neanderthal and modern samples. The face shows a 
reduced total prognathism (i.e., it juts out less from the cranial 
vault) compared with Homo erectusspecimens, approximating 
the form of Neanderthal and some modern skulls in this re­
spect. The upper face itself tends to be relatively broad, as in 
Homo erectus, but with a more pronounced midfacial projec­
tion, similar to the mean level found in modern Homo sapiens 
but less than in Neanderthals. On the base of the skull, the 
tympanic bone of the ear region is not strongly built and is 
nearly aligned with the adjoining petrous bone, both features 
being found in Neanderthal and modern humans but not in 
Homo erectus. As in the former groups also, the temporal bone 
is relatively short with an evenly curved upper edge. This fea­
ture is probably correlated with the increase in brain size and 
cranial height over most Homo erectus, as are a number of 
other changes in the shape and proportions of the cranial vault 
in "archaic Homo sapiens' fossils. 

While the skull is still relatively long and low, the pari­
etal bones tend to be longer and more curved, and the shape 
of the skull from behind does not show the upward narrow­
ing found in Homo erectus specimens. Instead, the parietal 
bones are usually vertical, with some expansion in their up­
per regions, where Homo erectus skulls are poorly filled. At 
the back of the cranium, the occipital bone is higher and of­
ten less angled, and the occipital torus is reduced, especially 
at the sides. The nuchal (neck) musculature may still be 
strongly developed, but the nuchal area faces downward 
more. The cranial vaults of "archaic Homo sapiens" show a re­
duced robusticity compared with those of Homo erectus. Al­
though the extent of this is variable, the reduced occipital 
torus development, the generally less thickened vault, and 
the reduced degree of midline keeling and overall buttressing 
(e.g., the less common occurrence of the bony swelling at the 
back of the parietal known as the angular torus) all reflect 
this. In general, the browridge is still strongly developed, but 
it may show a more curved form and internally may be light­
ened by the presence of large air spaces (sinuses), which are 
of uncertain significance. 

Little is known of the rest of the skeleton of "archaic 
Homo sapiens" specimens, although a number of isolated 
finds have been made. Until the Atapuerca skeletons from 

75 



76 ARCHAIC HOMO SAPIENS 

Spain and the Jinniushan skeleton from China have been 
fully published, however, there is little to compare with the 
more complete material available for Homo erectus, Nean­
derthals, and "modern Homo sapiens." Nevertheless, in the 
parts that are known, there is an overall robusticity like that 
found in Homo erectus and Neanderthals, and, of the three 
pelvic specimens so far described that may represent "archaic 
Homo sapiens," two show the presence of the strong iliac pil­
lar above the hip joint that is known from early Homo pelves. 
The recently (1993) discovered Boxgrove tibia from the 
English Middle Pleistocene is perhaps the most massive fos­
sil example known. Despite this, some skeletal parts do hint 
at a close approximation to the modern morphology in their 
overall shape. 

Fossil Material of "Archaic Homo sapiens" 
EUROPE 

Europe and Africa have the best records of "archaic Homo 
sapiens' material. The European specimens include incom­
plete fossils, such as those from Mauer (Germany), Vertesszol­
los (Hungary), and Bilzingsleben (Germany), that many 
workers would classifY in Homo erectus, and it must be admit­
ted that from their preserved parts it is difficult or impossible 
to resolve their taxonomic status. However, the inclusion of 
the Mauer mandible does provide the specific name Homo 
heidelbergensis, should a distinct taxon need to be recognized. 

Where more complete material of comparable age is 
known from Europe, it is apparent that it cannot readily be 
referred to Homo erectus. The skull from Petralona (Greece) 
is a particularly fine example of such a fossil, and it is a pity 
that dispute about its age has clouded its significance. The 
cranium does display Homo erectus-like characters in its later­
ally thick browridge, broad face, interorbital region, palate, 
and base of the skull, centrally strong occipital torus, and 
thickened vault bones. Endocranial capacity is ca. 1,230 ml, 
overlapping the Homo erectus and late Homo sapiens ranges, 
and the endocranial cast is less flattened than in typical 
Homo erectus specimens. There are also, however, advanced 
(derived) characters that are shared with later Pleistocene 
(particularly Neanderthal) crania, and these include the re­
duced total facial prognathism but increased midfacial pro­
jection, the double curvature of the supraorbital torus, the 
prominent nasal bones, and the laterally reduced and low­
ered occipital torus. One particularly remarkable feature of 
the Petralona specimen is the degree of pneumatization of 
the maxillary, ethmoid, sphenoid, temporal, and frontal re­
gions. While the maxillary sinuses are like those of Nean­
derthals, the frontal sinus development is even greater, since 
the pneumatization stretches right across the inside of the 
supraorbital torus. Such laterally developed sinuses are pres­
ent also in the Broken Hill (Zambia), Bodo (Ethiopia), and 
Thomas 3 (Morocco) browridges, but variation is such that 
the Arago 21 specimen from France has a negligible develop­
ment of the frontal sinus. 

The Arago material has been classified as Homo erectus 
by some workers, mainly on the basis of primitive character­
istics and the supposedly high antiquity of the specimens. 
When the material was thought to date from the Riss glacia-

tion (ca. 190 Ka?) of the late Middle Pleistocene, it was usu­
ally considered to represent a hominid population compara­
ble with those from Steinheim (Germany) or Swanscombe 
(England) (i.e., an "archaic Homo sapiens' or an antenean­
derthal). However, with the realization that the material was 
probably more ancient, supposedly dating from the "Min­
del" glaciation, there was a greater emphasis on the primitive 
Homo erectus-like characteristics present in the material, such 
as the robusticity of the postcranial specimens (including an 
iliac buttress on the Arago 44 pelvis), the large size and ro­
busticity of the Arago 13 mandible, and the strong develop­
ment of the supraorbital and angular tori of the Arago 21 
face and the Arago 47 parietal, respectively. The reconstruc­
tion of the Arago 21/47 skull also featured a high degree of 
facial prognathism, much greater than in the Petralona and 
Steinheim crania and comparable with that of true Homo 
erectus specimens. Yet, it is not clear whether this prog­
nathism is, partly at least, an artifact of remaining distortion 
in the reconstruction. In other respects, the Arago specimens 
compare well with European fossils that are generally ac­
cepted as representing "archaic Homo sapiens," such as the 
Petralona, Steinheim, and Atapuerca material. Like some of 
those specimens, it is conceivable that the Arago sample de­
rives from a population that was ancestral to the Nean­
derthals, and this is especially plausible in the case of the 
Arago 2 mandible. 

Even more vexing than the classification of the Arago 
material is the assignment of the Bilzingsleben cranial frag­
ments representing twO or three individuals. These date 
from a Middle Pleistocene interglacial correlated with oxy­
gen isotope stages 9 or 11, 300-400 Ka. They are the most 
Homo erectus-like of all the European cranial specimens in 
the strong supraorbital and occipital torus development and 
in occipital proportions and angulation. Yet the Bilzings­
leben material lacks the areas that appear most Homo sapiens­
like in the Petralona skull (although in the 1990s a temporal 
bone has been discovered) at Bilzingsleben, and the absent 
areas of the parietal region may well have been more "ad­
vanced." Even considering the Homo erectus-like occipital re­
gion, one should note that it is less robust than that of any of 
the Zhoukoudian (China) adults and is similar in propor­
tions to that of the Saldanha (South Africa) skull, which is 
generally accepted as an African "archaic Homo sapiens." 

The Steinheim skull is a puzzling specimen that is small 
brained and relatively large browed yet in other respects 
shows advanced characteristics in its thin vault and occipital 
shape. In certain respects, the occipital region resembles that 
of Swanscombe and the Neanderthals, yet the shape and 
proportions of the face seem distinctly primitive. This com­
bination of a Neanderthal-like occiput and a primitive face is 
exactly the opposite of the situation in the Petralona skull. 
Even allowing that this variation in the expression of these 
characters may be partly related to sexual dimorphism, it is 
difficult to classifY these fossils together or arrange them in 
an orderly morphological series from Homo erectus-like to 
Neanderthal-like specimens. It is apparent, however, that the 
Steinheim skull does not fit comfortably into the Homo erec­
tus group and equally is not clearly an early Neanderthal. 
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Four views of the Petralona cranium, the best-preserved example of 'archaic Homo sapiens "yet discovered. The rear of the skull shows a number of 
Homo erectus characteristics, but the parietal bones, skull base, and foce show features found in later hominids. In particular the supraorbital torus 
and cheek region are reminiscent of those of Neanderthals. Not to scale. Courtesy of Chris Stringer. 

The extensive Atapuerca sample shows aspects of morphol­
ogy found in many other European Middle Pleistocene 
hominids and some clear or incipient Neanderthal fearures. 
Its detailed srudy will greatly assisr interpretation of many of 
rhe orher isolated or incomplete specimens. 

Several other European Middle Pleistocene fossil homi­
nids are difficult to assign because of incomplete or conflict­
ing data, and this is especially true of mandibular specimens, 
such as those from Mauer, Montmaurin, Arago, and Azych 
(the latter acrually in Azerbaijan). Some of these do appear 

to show Neanderthal characteristics, bur it seems premature 
to assign them to the Neanderthal group proper at present. 
Yet, by the later Middle Pleistocene, Europe was certainly 
populated by peoples who were closely related to the Nean­
derthals. The Swanscombe partial cranium probably belongs 
in this group, along with the Biache, the Fontechevade, and 
the more ancient of the La Chaise fossils, all from France. 
Such specimens may more reasonably be referred to the 
species Homo neanderthalensis than to the "archaic Homo 
sapiens" grade (see below). 
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Above: rear (occipital) view comparing the specimens from Biache (left) 
and Swanscombe. The latter displays more primitive features, but both 
show Neanderthal characteristics. Below: comparison of the Jrhoud 2 
(left) and Pavlov 1 crania demonstrates the similarity in the region 
shown between a North African "archaic sapiens" specimen and a robust 
modern Homo sapiens fossilfrom Europe. Courtesy of Chris Stringer. 

AFRICA 

A number of North African fossil hominids from the Middle 
Pleistocene have been referred to Homo ereetus on the basis of 
primitive characteristics. These include the Sale (Morocco) 
skull, with its cranial capacity of only 900 ml. However, such 
specimens as the Sale and the Thomas Quarries (Morocco) 
fossils do bear a general resemblance to European material dis­
cussed above under the category of "archaic Homo sapiens," 
and further study may establish this relationship, or classifica­
tion as Homo heidelbergensis, on firmer grounds. Certainly, 
from evidence elsewhere in Africa, there are strong grounds for 
linking African and European hominids of the Middle Pleis­
tocene in at least a general way to differentiate them from 
Asian Homo erectus fossils. In particular, there are close resem­
blances in overall cranial form and in certain anatomical de­
tails among the Broken Hill, Bodo, and Petralona crania. The 
Bodo specimen, however, while probably having the largest 
endocranial capacity, was also the most Homo erectus-like in 
such features as cranial thickness, keeling, and facial prog­
nathism. So there is a real problem involved in determining 
whether these fundamentally similar specimens should be 
grouped together as "archaic Homo sapiens" or Homo heidel­
bergensis or whether the Bodo skull should be separated off as 
representing Homo erectus. Given recent chronometic dating 
of the Bodo site to the early Middle Pleistocene (ca 600 Ka), 

this latter point is certainly a real consideration. One addi­
tional aspect of interest here is the postcranial material that 
may be associated with the Broken Hill skull. Although several 

individuals of both sexes are represented, it is apparent that the 
material combines archaic and modern features in a way that 
differs from that of Homo erectus and Neanderthal skeletons. 
While bone thickness in the tibia, femora, and at least one of 
the pelves is comparable with other non modern fossils, the in­
ferred limb proportions indicate a relatively long tibia and tall 
stature, with femora of more modern shape than indicated for 
many archaic specimens. 

Other African Middle Pleistocene specimens, such as 
Nduru (Tanzania) and Saldanha, involve fewer problems 
concerning assignment to "archaic Homo sapiens" or Homo 
heidelbergensis, and, in the absence of clear Neanderthal or 
modern synapomorphies "archaic Homo sapiens" is usually 
extended to include such fossils as those from Eliye Springs 
(Kenya), Florisbad (South Africa), Jebel Irhoud (Morocco), 
and Ngaloba (Tanzania). When we arrive at the terminal 
Middle and early Late Pleisrocene, probable synapomor­
phies with modern Homo sapiens begin to appear in such 
specimens as Omo Kibish 2 and Jebel Irhoud 2, and this 
marks the point at which the term "archaic Homo sapiens" 
loses the limited validiry it possesses. 

FAR EAST 

The isolated skull from Narmada (India) is a candidate for 
assignment to "archaic Homo sapiens," although it was re­
ferred to Homo erectus in preliminary reports. While the 
specimen does appear to have a somewhat tented and keeled 
vault, it is also very high, with a rounded occipital region. 
More possible examples of "archaic Homo sapiens" are 
known from farther east, at Chinese sites like Maba, Dali , 
Jinniushan, and Yunxian. Only Maba is published in any de­
tail, but the Jinniushan specimen consists of a partial skull 
and elements of the postcranial skeleton. It shows Homo 
sapiens-like characters, despite large brows and absolute age 
determinations of ca. 280-200 Kyr, in that the vault is thin 
and well expanded (capaciry ca. 1,390 m!), and the face is 
rather gracile in preserved partS. It might have been consid­
ered as a female individual of the Dali group but for the fact 
that it is reportedly sexed as a male from the associated skele­
ton; and it has a considerably larger cranial capacity than the 
Dali skull. If the Jinniushan skeleton is correctly dated, it has 
imponant implications for human evolution in the Far East, 
particularly in the difficulty involved in deriving it from the 
possibly penecontemporaneous late Homo ereetus popula­
tions known from Zhoukoudian and Hexian (China). 

In Southeast Asia, the only plausible claimants for "ar­
chaic Homo sapiens" fossils are those from Ngandong (Solo) 
on the Indonesian island of Java. Many of the apparent 
Homo sapiens-like characteristics, however, may be reflec­
tions of endocranial expansion achieved in parallel with that 
of Middle Pleistocene specimens in Europe and Africa, for, 
in the majority of features, the Ngandong crania closely re­
semble their Homo ereetus antecedents, with whom they are 
most reasonably classified. 

Status of ''Archaic Homo sapiens" 
Although the characteristics of the group of extinct homi­
nids usually referred to as "archaic Homo sapiens" were listed 



Lateral view of the cranium fom the Narmada Valley (India). 

at the beginning of this entry, the reality and utility of this 
term is not clear. Even under a conventional system of classi­
fication, it is apparent that the specimens assigned to this 
group show great variation and are most easily typified by 
characteristics belonging to other groups, such as Homo erec­
tus and Neanderthals, rather than by their own characteris­
tics. Under a cladistic system of classification, the meaning 
of the term "archaic Homo sapiem" becomes even less clear, 
since it is apparent that these specimens may have had differ­
ent evolutionary origins and different evolutionary destinies. 
A separate, parallel transition may have occurred in different 
areas between local forms of Homo erectus and their "archaic 
Homo sapienI' descendants, and these distinct descendants 
could represent only an evolutionary grade rather than a 
clade. Furthermore, if the European "archaic Homo sapiens" 
specimens, such as Arago and Petralona, were, in fact, ances­
tral to Neanderthals, as many workers believe, and this could 
be demonstrated by the presence of synapomorphies, these 
specimens should more reasonably be classified with the 
Neanderthals. Equally, if African "archaic Homo sapiens" 
uniquely gave rise to modern Homo sapiem, the Mrican spec­
imens could justifiably be classified with modern humans. 

Another problem wirh the term "archaic Homo sapienJ' 
is that most specimens in rhis group show more similarities 
to Homo erectus or Neanderthal fossils than to anatomically 
modern Homo sapiens, so the justification for assigning them 
to Homo sapiens at all is unclear. If the difference between 
Neanderthals and modern Homo sapiem were once again ele­
vated to the level of species, as some workers are suggesting, 
there would be more justification for extending the use of 
the taxon Homo neanderthalensis to include most of these 
specimens than for the current extended usage of the term 
Homo sapiens. Yet, given that the Neanderthals do display 
apomorphies not present in most "archaic Homo sapiem" fos­
sils, it might instead be preferable to replace the term "ar­
chaic Homo sapiens" with a distinct species name, for which 
Homo heidelbergemis (from the Mauer mandible) or Homo 
rhodesiemis (from the Broken Hill skull) are the most appro­
priate. This species would then be considered as the probable 
last common ancestor for the Homo neanderthalensis and 
Homo sapiens groups, and specimens that clearly postdated 
the divergence of the two clades would be allocated to one or 
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the other group through synapomorphies. Thus, for exam­
ple, while the Mauer mandible would represent Homo hei­
delbergemis, Swanscombe would be allocated to Homo nean­
derthalensis, and the Jebel Irhoud fossils to Homo sapiem. 
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Archaic Moderns 
Various fossil hominids, while representing anatomically 
modern Homo sapiens, display certain archaic characteristics 
that appear to be primitive retentions. This is true for some 
specimens of the terminal Pleistocene, such as the Kow 
Swamp material from Auscralia, and even for living humans, 
but this discussion will rescrict the use of the term archaic 
moderns to specimens that probably date to more than 35 
Ka. Two geographical areas, Mrica and Southwest Asia, con­
tain fossils that fall into this category; there are only disputed 
examples from Europe or eastern Asia. It should be borne in 

mind, however, that the term archaic moderns is a contradic­
tion in terms and may be confused with another unsatisfac­
tory term, "archaic Homo sapiem." 
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Klasies River Mouth 4 ! 8 ! 5 (left) and Border Cave 5 mandibles. 
Courtesy of Chris Stringer. 

Mrican Evidence 
The African record of archaic moderns consists of s pecimens 
from the South Afri can sites of Klasies River Mouth and Bor­
der Cave and the North African sites of Dar-es-Soltane and 
Omo Kibi sh. Ngaloba (Tanzania) and Jebel Irhoud (Mo­
rocco) also provide fossil s that some workers include in the 
category, as well as other specimens whose age i s uncertain, 
such as Guomde ( Kenya). Because several of the specimens 
are fragmentary o r d erived from dubious contexts o r ones 
where absolute dating is not a practical proposition, some 
workers do not accept these specimens as representing gen­
uinely early records o f a modern morphology from Af ri ca. 

The material from the Kl asies River Mouth complex of 
caves is fragmentary and shows clear morphological varia­
tion. The specimens were believed by their excavators to date 
to more than 70 Ka, and they are all associated with Middle 
Stone Age (M SA) artifacts. However, although d oubts had 
been expressed about the reliability of correlations used to 
date the Kl asies material to the early Late Pleistocene, the re­
sults of recent excavations and the application of absolute 
dating techniques have supported the proposed antiquity of 
the hominid specimens and have produced new h ominid 
specimens that c an be dated at more than 100 Ka. 

The MSA-associated m aterial from Kl asies consists o f 
cranial, maxillary, mandibular, dental, and postcranial frag­
ments. The cranial pieces include one (adult?) frontal frag­
ment that displays a s mall , modern type of supraorbital torus 
and other fragments that suggest a rounded but perhaps low 
cranial vault. T he mandibular pieces generally look modern, 
with small teeth, but t here is much variation in size, robus­
ticity, and chin development. The maxillary fragments a re 
those found most recently at the site and are the oldest, and 
perhaps most robust, yet recovered. The few postcranial 
pieces appear to be small and relatively modern in morphol­
ogy. One must assess the degree of modernity o f the Kl asies 
material with caution when the specimens are so fragmen­
tary, but they are at least bordering on a modern human 
morphology well before comparable evidence is a vail able 
from such areas as Europe. It is even possible that the speci­
mens document an increase in gracility and modernity 
through the early Late Pleistocene sequence at Kl asies. 

While there may b e doubts about the assignment of some 
of the Klasies material to modern Homo sapiens, the modernity 

of the MSA-associated fossil hominids from Border Cave is 
clear to most researchers. T he s pecimens consist of a partial 
skull and possibl y associated li mb bones, the partial skeleton of 
an infant, and two mandibles. All seem to fall clearly into the 
overall range of modern humans, although the skull has a 
broad frontal bone and moderately strong browridge. How­
ever, since the skull, postcranial bones, and one (unassociated) 
mandible were not excavated systematically, while the infant's 
skeleton and the other mandible might have been intentionally 
buried in the MSA levels from which they were excavated, 
doubt has been expressed about claims that they all date to 
more than 70 K a. Further work at the site is clearl y needed to 
resolve some of these questions, but, given the evidence from 
Klasies of modern-looking hominids associated with the MSA, 
the Border Cave evidence may yet prove to be important. 

The site of Omo Kibi sh in southern Ethiopia has pro­
duced two fossil hom in ids that may represent archaic moderns 
(Omo [Kibishl 1 a nd 3), as well as a third skull of nonmodern 
type (Omo [Kibi shl 2). The O mo (Kibish) 3 skull fragments 
show only a slight brow development but are probably younger 
than the more complete and informative Omo (Kibi sh) I par­
tial skeleton. This was found in beds that considerably predate 
40 Ka, based on radiocarbon dates from higher levels, and that 
may date to 130 K a according to uranium-series dating o n m ol­
lusc shells (which tends to give a minimum age). The postcra­
nial bones indicate a heavil y built but anatomically modern in­
dividual, and the same can b e said for the partial skull of O mo 
1. It has a long and broad frontal bone with moderately s trong 
brows, but the form of the rear of the skull and mandible ap­
pears entirely modern. If the s pecimen does derive from the 
oldest beds at Omo Kibi sh, it is a most important fossil homi­
nid, one that documents the presence of essentially modern hu­
mans in northeastern Africa in the late Middl e-early Late Pleis­
tocene (although it would be premature to consider an age as 
much as 130 Ka as accurate without further confirmation). 

Elsewhere in Afri ca are specimens of fossil hominids 
that, while certainly dating to more than 35 Ka, are difficult 
to classifY as archaic moderns because they show so manyar­
chaic characters. T here a re a lso specimens that, while more 
certainly representing modern humans, do not definitel y 
date to more than 35 K a. Examples of rhe former category 
are the fossil s from Ngaloba ( Laetoli Hominid 18) and Jebel 
Irhoud, discussed elsewhere; examples of the latter category 
are the KNM -ER 999 femur and 3884 partial cranium from 
Guomde (Kenya) and the Springbok Flats cranial and pOSt­
cranial material from South Africa. There is, however, o ne 
more African sample that probably represents an archaic 
form of modern Homo sapiens: the early material from Dar­
es-Soltane (Morocco) . Mostly unpublished, this material in­
cludes a robust p arti al cranium and mandible associated 
with the Middle Palaeoli thic A terian industry. It almost cer­
tainly dates to more than 40 K a. 

Western Asia 
Western Asia has rich samples of archaic-modern skeletons 
from the Israeli sites o f Skhul (Mount Carmel) and QafZeh, 
many of which derive from intentional burials. T he exten­
sive material from the former site was at first united with the 



Lateral view of the Ngaloba-Laetoli H. 18 cranium. Courtesy of Chris 
Stri nger. 

Neanderthal material from the adjacent cave of Tab un, but it 
is now regarded as archaic modern and is dated byTL (ther­
moluminescence) and ESR (electron spin resonance) tech­
niques on associated materials to 120-80 Ka. However, ura­
nium-series checks on the ESR dates suggest that some of the 
Skhul material could be somewhat younger. The dating of 
the even larger Qaheh sample of partial skeletons is better 
established, since the Middle Palaeolithic levels of Qaheh 
have been dated byTL, ESR, and uranium series to 120-90 
Ka, and the Qafzeh 6 cranium has been directly dated by 
gamma radiation to at least 80 Ka. The fossil material from 
Skhul and Qafzeh consists of partial skeletons of adult males 
and females, as well as several children and subadults. The 
adult crania have, by the standards of living humans, large 
and prognathic faces with large teeth, well-developed supra­
orbital tori, and large cranial capacities. Yet, these and other 
features that have been used to link the specimens to the Ne­
anderthals are not specifically Neanderthal-like, and details 
of facial morphology contrast strongly with those of Nean­
derthals. Similarly, in the rest of the skeleton, there is little of 
the robusticity and muscularity so typical of the Nean­
derthals (and of earlier humans generally), and details of 
pelvic structure are as in modern-day populations. Addition­
ally, body proportions for the Skhul and Qafzeh skeletons 
are unlike those of Neanderthals and instead specifically re­
semble those of modern-day tropical or subtropical popula­
tions. Overall, the morphology of these Israeli archaic mod­
erns can be characterized as modern, but with some 
primitive features retained from Middle Pleistocene ances­
tors. Those ancestors, to judge from certain details of the 
fossils, may have been Mrican contemporaries of the early 
Neanderthals. A later example of an early-modern hominid 
from the region is the Ksar 'Akil child's skull ("Egbert") from 
Lebanon. It is associated with an early Late Palaeolithic in­
dustry, dating from ca. 37 Ka. 

Archaic Moderns from Other Areas 
Elsewhere, claims for the occurrence of modern human 
skeletal materials that date from more than 35 Ka are rare 
and always controversial. In western Asia, archaic moderns 
possibly occur at such sites as Darra-i-Kur (Afghanistan) and 
Starosel'e (Ukraine), although the latter may represent an in­
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Lateral VieW oJ the <.<aJzeh 6 cranzum. Courtesy oJ Chrzs Cltrznger. 

at such sites as Krapina (the child's skull labeled "A") and Ba­
cho Kiro (Bulgaria). In eastern Asia, there is the burial of the 
modern-looking skeleton of a youth from the Niah Cave 
(Borneo, Malaysia), which may date to 40 Ka, and beyond 
that is the very robust skull (WLH 50) from the Willandra 
Lakes in southern Australia, which might be of comparable 
alHiquity. Many of these finds, however, are isolated and 
have associated difficulties of dating or interpretation. 

See also Africa; Asia, Western; Australia; Bacho Kiro; Border 
Cave; Dar-es-Soltane; Jebel Irhoud; Kibish; Klasies River 
Mouth; Krapina; Ksar 'Akil; Modern Human Origins; Nga­
loba; Niah; Qaheh; Skhul. [CB.5.] 
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Archonta 
A controversial but research-stimulating cohort (a taxonomic 
rank above the order) of mammals that includes four living 
orders: Scandentia, Dermoptera, Primates, and Chiroptera, as 
well as a number of families of fossils (depending on the au­
thor) allied with any of the four living orders. Treeshrews and 
putative fossil relatives such as the Mixodectidae (scan den­
tians) and the "flying lemurs," or colugos (dermopterans), 
were more widespread during the early Tertiary than they are 
today. Nevertheless, the affinities of the family Plagiomenidae 
of the Northern Hemisphere Paleocene-Eocene, previously 
widely accepted to be dermopteran, are again controversial. 

Aspects of dental and cranial morphology mark the der­
mopterans as distinct early in their history when compared to 
archaic primates or primitive bats (chiropterans). Yet, features 
of elbow morphology, and particularly the details of foot 
form and function, strongly indicate that colugos share with 
the other archontans a common ancestor exclusive of any 
other group of mammals. This view is not shared by all stu­
dents of these groups, and, largely as a result of numerical 
cladistic studies applied to a wide range of attributes, a gen­
eral disagreement prevails concerning the phylogenetic reality 
of the concept Archonta. It is remarkable, however, that a 
number of apparently derived placental similarities (puta­
tively synapomorphous but as yet not fully tested) exist 
among the inferred primitive stages of the taxa that are in­
cluded in this cohort. For example, special similarity between 
the gliding membrane of colugos, in particular the mem­
brane spread between the rays of the hand, and the finger­
supported wing of bats suggests a uniquely shared advanced 
trait that is a differentially developed adaptation. The wing of 
bats may have had its origins similar to the finger-modulated 
gliding of colugos (as distinct from other therian gliders that 
do not use a membrane stretched between fingers in gliding). 
Similarly, the fusion of the carpal bones scaphoid, lunate, and 
centrale forms a scaphocentrale in Dermoptera and possibly 
Chiroptera, and these two taxa also share derived similarities 
of elbow mechanics. In turn, shared derived similarities in the 
tarsus and, to some degree, in the molars occur in the Paleo­
gene family Mixodectidae and the modern Dermoptera. The 
plagiomenid dentition is most similar to that of Mixodecti­
dae and Dermoptera, probably a synapomorphous similarity. 

The morphological and molecular aspects of the rela­
tionships of the archaic primates (Plesiadapiformes) to colu-

gos, tupaiids, and euprimates, as well as the problem of the 
closest relatives of bats, have been vigorously researched 
lately, but without any concensus. The last word on the real­
ity of the Archonta is not in. There is increasing evidence that 
the protoplacentals began their distinctive radiation from an 
ancestry of opossumlike mammals with marsupial-type de­
velopment and reproduction, but that these last common an­
cestors of the eutherian mammals were obligate terrestrial 
foragers. In rum, the last common ancestor of the Archonta 
(independent from the rodents) may have been among the 
first placental mammals that were fully committed to the 
trees, a way of life approximately retained by some of the tree­
shrews, like Ptilocercus. Primates diversified primarily in an 
arboreal environment, whereas the colugos early became suc­
cessful gliders and omnivore-herbivores, long before rodent 
gliders had a chance to displace them from that way of life. 
The earliest bats, of course, carried the (putative) ancestral 
(colugolike?) adaptations to the air, developed them to an ex­
treme, and became, as far as we know, the only known true 
flyers among the mammals. 

See also Dermoptera; Flying-Primate Hypothesis; Numerical 
Cladistics; Plesiadapiformes; Primates; Treeshrews. [ES.S.] 
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Ardipithecus ramidus 
Species of australopith named in 1994 to incorporate the 
early hominid fossils from the Ethiopian Middle Awash lo­
calities of the Aramis drainage. This species was originally 
named Australopithecus ramidus but later transferred to the 
new genus Ardipithecus; it was thought to be the ancestor of 
Australopithecus aforensis, but subsequent finds have placed 
this conclusion in some doubt. 

By the early 1990s, the sites of Hadar (Ethiopia), Lae­
toli (Tanzania), and Maka (Ethiopia) yielded hominid fossils 
as old as 3.6 Myr that clearly belonged to A. aforensis. Some 
workers assigned fragments from the Ethiopian sites of Fejej 
and Be!ohdelie and from Koobi Fora (Kenya) to that species 
based on antiquity and primitive morphology. Until 1992, 
the only available possible hominids older than 4 Ma com­
prised a small collection of teeth and fragments of jaw and 
arm from the Kenyan sites of Lothagam, Tabarin, and 
Kanapoi. Again, on the basis of primitive characters, most of 
these fossils were referred to A. aforensis, and the search for 
the ancestor of this species intensified. On December 17, 
1992, G. Suwa of the University of Tokyo discovered a hom­
inid molar in the Aramis catchment of the Awash River. 
Suwa was a member of the team investigating the Middle 
Awash paleoanthropological research area. His discovery was 
followed, over the next two seasons of fieldwork, by the re­
covery of remains representing 17 hominid individuals from 



Juvenile mandibular foagment of Ardipithecus ramidus foom Aramis, 
Middle Awash study area, Ethiopia. Photo by and courtesy of Tim D. 
White. 

Aramis. These fossils are placed stratigraphically just above 
the prominent Ghla Vitric Tuff Complex (GVTC), dated to 
4.4 Ma. The series comprises dental, cranial, and postcranial 
specimens. Most of the fossils are highly fragmentary, and 
several individuals are represented by isolated teeth. 

In 1994, T.D. White, Suwa, and B. Asfaw identified 
these 1992-1993 Aramis fossils as belonging to a new 
species of Australopithecus, Australopithecus ramidus. They 
chose the name ramidus, which means "root" in the Afar lan­
guage, to honor the local Afar people who live in the Afar re­
gion today. For a type specimen, they chose a set of associ­
ated teeth from the available series. 

G. WoldeGabriei and other Middle Awash team mem­
bers provided radioisotopic dates for the Aramis sediments 
and sketched the taphonomic and environmental conditions 
that led to the hominid-bearing assemblage. The hominid 
remains are interpreted to have come from a habitat that was 
wooded at the time of deposition, with abundant colobine 
monkeys and kudus. In late 1994, the team recovered addi­
tional specimens at Aramis, including a damaged partial 
skeleton. In May 1995, a correction was published altering 
the generic name to Ardipithecu5, with essentially the same 
diagnosis as the species. 

A. ramidus is distinguished from other hominid species, 
including A. aforensis, by its relatively large upper and lower 
canines, its small, narrow, apelike dP 3' its flat temporal-bone 
articular surface, its absolutely and relatively thin canine and 
molar enamel, and its primitive premolars. The species A. 
ramidus is distinguished as a hominin from modern great 
apes and known elements of Miocene apes by relatively 
blunter, smaller, more incisiform canines, a more hominin­
like canine/premolar complex, and a relatively short cranial 
base. The species does not show the expanded incisors and 
small, crenulated molars of chimpanzees, nor the large body 
size and specialized postcanine teeth of gorillas. 

ARDIPITHECUS RAMIDUS 

Evidence from the dP 3 is particularly striking. This 
tooth has been crucially important in studies of Australopith­
ecus since the Taung (South Africa) discovery of 1924. It has 
been used frequently as a key character for sorting apes and 
hominids. The A. ramidus dP 3 is morphologically far closer 
to a chimpanzee than to any known hominid. It lacks the spe­
cialized hominin features seen in all Australopithecus species. 

The A. ramidus permanent dentition is represented at 
most positions. The relatively thin enamel and large size of 
the A. ramidus canine, together with its primitive P 3 mor­
phology, suggest a c/P 3 complex morphologically and func­
tionally only slightly removed from the presumed ancestral 
ape condition. The limited available Aramis teeth are inter­
preted as indicating a single species with a postcanine denti­
tion significantly smaller than in A. aforensis. The cranial fos­
sils display a strikingly chimpanzeelike morphology. 

Included in the published A. ramidus postcranial sam­
ple is a rare association of all three bones from the left arm of 
a single individual. In size, the specimen indicates a hominin 
larger than the A.L. 288-1 ("Lucy") A. aforensis from Hadar 
and smaller than other individuals of the same species. The 
arm displays a mosaic of characters usually attributed to 
hominins and/or great apes. A definitive appraisal of the lo­
comotor habits of A. ramidus is not possible on the basis of 
the upper-limb fossils available. 

A. ramidus shares a wide array of traits with A. aforensis 
but it differs in lacking some of the key traits that A. aforen­
sis shares exclusively with all later hominids. In other words, 
A. ramidus is more "primitive." The Aramis remains display 
significant cranial, dental, and postcranial similarities to the 
chimpanzee condition. However, some or all of these fea­
tures may be primitive retentions. Only further discoveries 
and comparisons may clarifY which features actually define 
the chimp-human and/or African ape-human clades. 

The Aramis fossils were originally placed in the genus 
Australopithecus because of their similarities to other dental 
and cranial fossils representing that taxon. It was noted that 
the anticipated recovery at Aramis of additional postcranial 
remains, particularly those of the lower limb and hip, might 
require future reassignment of these fossils at the genus and 
family level. The placement of this species into the new genus 
Ardipithecus was made in a brief note that merely indicated 
"as ramidus is likely to be the sister taxon of the remaining 
hominid clade, generic separation from Australopithecus is 
appropriate. We hereby make available a new generic 
nomen .... " The word ardi means ground or floor in Afar. At 
a higher taxonomic level, characters such as the modified 
C/P 3 complex, an anterior foramen magnum, and proximal 
ulnar morphology (shared with later Australopithecus species) 
suggest that the Aramis fossils belong to the hominin clade. 
On the other hand, it is worth noting that the ca 4.5 Ma 
mandible fragment (with M I_2) from Tabarin (Baringo Basin, 
Kenya) has been formally named Homo antiquus praegens by 
W Ferguson; if this specimen is conspecific with the Aramis 
fossils, the name praegens may have priority. 

As of the late 1990s, A. ramidus was the earliest and 
most primitive hominin, but its role as an ancestor of later 
species has been questioned by several workers. Additional 
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fossils and more detailed analyses and interpretations should 
help to clarify this question. 

See also Afar Basin; Africa; Africa, East; Australopithecus; 
Baringo Basin/Tugen Hills; Belohdelie; Fejej; Hadar; Kanapoi; 
Laetoli; Lothagam; Middle Awash; Turkana Basin. [TD.WJ 
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Asia, Eastern and Southern 
Region of ca. 20 million km2, which has yielded many impor­
tant hominid and hominoid fossils and an archaeological se­
quence that, in some parts of the region, differs markedly from 
those of Europe, Africa, or southwestern Asia. For the pur­
poses of this encyclopedia, the Eurasian continent has been di­
vided into four geographical regions: Europe, west of the Cau­
casus; Russia (including Siberia); western Asia (including the 
area commonly referred to as the Middle East and the Central 
Asian republics of the former Soviet Union); and eastern and 
southern Asia, from Pakistan and China eastward and south­
ward to the Pacific and Indian oceans, including Malaysia and 
Indonesia (but not Australasia). The most important fossilif­
erous areas of eastern and southern Asia are the Siwalik Hills of 
Pakistan and India, which have yielded an important collec­
tion of Miocene and Plio-Pleistocene fossil hominoids and 
cercopithecoids; China, where both hominins and nonhuman 
hominoids are known; and Java, which has yielded hominid 
fossils from throughout the Pleistocene. In mainland South­
east Asia (Burma, Thailand, Laos, Vietnam, Malaysia, and 
Cambodia), much archaeological evidence has been recov­
ered, but hominin specimens earlier than the latest Pleistocene 
are limited to finds of individual teeth ascribed to both Homo 
erectus and "archaic Homo sapiens." Fossils of Pongo and Gi­
gantopithecus have also been recovered from this region. 

The geography and geomorphology of Asia are best un­
derstood in terms of the continuing collision between the 
Indo-Burmese continent on the Indian plate and the Sino­
Malaysian margin of Eurasia, beginning in the Early Ceno­
zoic (or, in new interpretations, in latest Cretaceous). To­
gether with smaller plates carrying the Anatolian and Iranian 
massifs northward at the same time, resulting in an unbro­
ken mountain wall all across Asia, from the Taurides through 
the Elburz and the Tibetan Plateau to the Shan-Yunnan 
Massif. These highlands accentuate and, by and large, define 
a very sharp divide between tropical and subtropical habitats 
in the south, and much more seasonal and xeric (dry) condi­
tions to the north. The complex tectonics of northern China 
and the archipelagos of the Southwest Pacific are also linked 

to subduction and transform faulting along this plate 
boundary. 

Eocene continental sediments are found in northern In­
dia and Nepal with faunas that suggest a biogeographic con­
nection with both Africa and Eurasia. Interestingly, nothing 
in the Indian Eocene fauna appears to represent a survivor 
from a postulated endemic population that likely would have 
inhabited the subcontinent during its passage across the In­
dian Ocean from Africa during the later Mesozoic. It has been 
suggested that ancestral strepsirhines might have boarded this 
"Noah's Ark" from Africa early in the Cenozoic, but there is 
no fossil evidence for this hypothesis, nor is it likely, given the 
deep-water isolation of the Indian plate. 

Nonhuman Primate History in Eastern Asia 
The earliest Asian primate is probably Petrolemur, a possible 
plesiadapiform of Early-to-Middle Paleogene age in South 
China. Decoredon, of comparable age, may be the earliest eu­
primate and suggests that omomyids, and perhaps adapi­
forms, might have entered North America from eastern Asia. 
Altanius, an omomyid from the Early Eocene of Mongolia, 
as well as new Chinese carpolestids, support this view of pa­
leobiogeography. Middle-to-Late Eocene probable adapi­
forms from southern Asia include Pondaungia and Amphi­
pithecus from Pondaung (Burma), Kohatius from Pakistan, 
Hoanghonius and Rencunius from China, some of which 
have been compared with the enigmatic Oligopithecus of 
Eocene-Oligocene age in the Fayum beds of Egypt. In the 
1990s, a whole new suite of Middle Eocene primates has 
been described from fissure fillings and other sites in south­
eastern China. These include the adapiform Adapoides, the 
otherwise North American omomyid Macrotarsius, the tar­
siid Tarsius eocaenus, and the probable tarsioid (claimed as an 
ancient anthropoid) Eosimias. 

Fortunately for students of early hominoids, the Indo­
Asian collision resulted in the uplift of the Potwar Plateau and 
the Salt Range in the foothills of the Himalayas, which exposed 
the famous Neogene fossil beds known as the Siwaliks. The 
most fossiliferous exposures crop out in Pakistan and India, but 
the beds also extend into Nepal and Bangladesh. The oldest Si­
waliklike faunas of late Early and early Middle Miocene age, 
for example at Dera Bugti (Baluchistan), document the immi­
gration of proboscideans and bovids, among other African 
groups, via the newly formed Mesopotamian land bridge. 

The earliest Middle Miocene levels of the Kamlial beds 
(ca. 16.1 Ma) yielded a few teeth referred to Dionysopithecus, 
making them the earliest well-dated primates in eastern Asia. 
More complete specimens from Sihong (eastern China) oc­
cur alongside teeth of Platodontopithecus; both genera are in­
cluded in the Pliopithecidae. Pliopithecus itself, otherwise 
known from several European species, has been described 
from Tongxin in North-Central China. The Siwalik Chinji 
fauna includes the first Asian hominoids, Sivapithecus, dated 
ca. 13-12 Ma. These are pongines, related to orangutans and 
perhaps to Gigantopithecus. Although fragmentary remains 
occur at 12.5 Ma in Pakistan and perhaps slightly older in 
India (Ramnagar) and Southeast China (Xiaolongtan, Yun­
nan Province), the diagnostic features of the palate are first 
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Map of Eastern and Southern Asia (heavy outline) showing major fossil localities 
with Paleocene-Miocene primates, Symbols indicate age and included primates, 
while numbers represent site names (in approximate chronological order), as follows: 
1, Qian-Shan; 2, Nanxiong; 3, Naran Bulak; 4, Wutu; 5, Chorlakki; 6, 
Shanghuang; 7, Lushi; 8, Gonglangtou; 9, Pondaung; 10, Yuanqu Basin (inc!. 
"River Section'; Rencun, Heti); 11, Krabi; 12, Sihong; 13, Taben Buluk; 14, 
Manchar; 15, Kamlial; 16, Mae Long; 17, Maerzuizigou; 18, Ban San Khlang; 
19, Xiaolongtan; 20, Chinji; 21, Domeli; 22, Kundal Nala; 23, Sethi Nagri; 24, 
Kaulial Kas; 25, Khaur; 26, Dhok Pathan; 27, Hasnot; 28, Tinau Khola; 29, 
Dhara; 30, Kangra; 31, Ramnagar; 32, Haritalyangar; 33, Shihueba; 34, Wudu; 
35, Yushe. Sites 15 and 20-32 are representative of the Siwaliks; note that the 
density of Pakistan localities (J 5, 20-27) required that some site markers be moved 
to allow separation; Hasnot {site 27} is marked by two symbols inside the small 
circle, which corresponds to the actual Siwalik/Salt Range region, 
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documented ca. 12 Ma. Three time-successive species range 
through to ca. 8 Ma. 

Also about 8 Ma, Lufengpithecus occurs in great quan­
tity at Lufeng, also in Yunnan Province. Its cranial morphol­
ogy is more conservative than that of Sivapithecus, and it is 
tentatively included in the Dryopithecinae. Other fossils in 
that subfamily occur in the Siwaliks (" Sivapithecus" simonsi, 
ca. 10 Ma) and western China (Dryopithecus wuduensis from 
Wudu, Gansu Province, ca. 8-6 Ma). Lufeng also yielded a 
pliopithecid and adapiforms, while adapiforms and a lorisid 
are known from the Siwaliks. The youngest Siwalik homi­
noid is Gigantopithecus, known by a mandible and an isolated 
tooth estimated at ca. 7-6 Ma. Numerous specimens of a 
younger species (G. blacki) are known from southern China 
between perhaps 2-0.5 Ma and from northern Vietnam ca. 
0.5-0.3 Ma.1t is generally assumed that Gigantopithecusis an 
offshoot of the pongine clade, bur some Lufengpithecus spec­
imens show striking similarities to the premolarized lower ca­
nines of the younger taxon. Another enigmatic hominoid oc­
curs in supposedly Early Pliocene levels in Yuanmou County, 
Yunnan Province. The material has not been well described, 
but a juvenile face looks somewhat pongine, although the 
taxon has also been linked to Lufengpithecus. 

The earliest cercopithecid monkeys in eastern Asia 
(teeth of a small colo bin e) appear in the Siwalik record ca. 
7-6 Ma, coincident with other indications of faunal change. 
A few teeth from the latest Miocene of eastern China docu­
ment a somewhat larger colobine and a macaque, the first 
Asian cercopithecine. Although the dating is unclear, the 
large terrestrial cercopithecine Procynocephalus, apparently a 
macaque derivative, appeared in Plio-Pleistocene deposits in 
the Siwaliks and in China. Its relationship to the generally 
similar Paradolichopithecus, which occurs mainly ca. 2 Ma 
from Spain to Tadzhikistan, is unclear. An even more enig­
matic cercopithecine fossil is the single specimen of Thero­
pithecus oswaldi delsoni from Mirzapur, India, perhaps dating 
to 1.5-0.9 Ma; other than one tooth from Spain, this genus is 
endemic to Africa. Fossils of the modern Asian genera 
Macaca, Semnopithecus (Trachypithecus), Pygathrix (Rhino­
pithecus), Hylobates, and Pongo are known from the Pleis­
tocene of China, India, Indonesia, and Vietnam. 

Human Paleontology and Archaeology 
During the Early Pleistocene, early hominins almost cer­
tainly reached eastern Asia from Africa by first passing 
through southwestern Asia and then South Asia. What are 
perhaps the earliest fossil hominins in the region have been 
recovered from the island of Java and the Chinese sites of 
Gongwangling (at Lantian) and Longgupo (Wushan). In the 
past, Java and many other Indonesian islands were intermit­
tently united with the mainland by exposure of the now­
submerged Sunda Shelf, as the result of low sea levels during 
glacial periods, which provided dry-land migration routes 
for hominids and other Pleistocene mammals. 

Although there is still no consensus as to how many hom­
inin species are represented in Java, it is clear that the diversity 
of hominid taxa often has been overestimated. There is grow­
ing agreement that most of the adequately preserved speci-

mens, consisting of more than 50 individuals, represent a form 
of H erectus that first reached Java well before 1 Ma; indeed, 
the earliest example may date to as much as 1.8-1.6 Ma, just 
younger than the oldest African specimens assigned to H. erec­
tus. One form, Meganthropus, has occasionally been hypothe­
sized to represent an Asian form of australopith, but little evi­
dence supports this conjecture. In general, our interpretation of 
the Javanese forms has been hindered by the specimens' lack of 
accurate provenance, due in large part to the continuing prac­
tice of purchasing fossils from local collectors. 

An assemblage of younger forms excavated apparently 
in situ in the 1930s, the so-called Solo hominids (also known 
as the Ngandong hominids), has remained controversial 
both because of the claim that they show evidence of canni­
balism and because they appear to be morphologically inter­
mediate between H erectus and H sapiens. There has been 
much debate not only about the species to which they be­
long, but also about whether they were ancestral to Aus­
tralian aborigines. Moreover, a 1996 publication dates the 
Solo finds to 50-25 Ka, far younger than generally thought 
and contemporaneous with local anatomically modern hu­
mans. It is safe to say that much of the controversy that be­
gan with Dutch paleo anthropologist E. Dubois's original 
hominid finds of the 1890s continues unabated today. 

Almost all of the other evidence for Early Pleistocene 
humans in East Asia comes from China, with the earliest and 
best-documented evidence of H erectus from Lantian in 
Shanxi, North-Central China. Here a partial cranium 
(Gongwangling) and mandible (Chenjiawo) may date to the 
late Early Pleistocene (ca. 0.9-0.7 Ma). The cranium may be 
slightly older than the mandible, but this is no longer certain; 
some have even claimed that it dates to ca. 1.2 Ma. The cra­
nium is small by comparison with later Chinese H. erectus, 
and the low cranial capacity, 780 m!, has been explained by 
its early date and by the interpretation of the specimen as a 
female; it is also badly crushed, with bones telescoped over 
one another. 

A few other scattered finds ftom South China also offer 
tantalizing evidence of earlier Chinese hominids. Three teeth 
found in a karst cave in Hubei Qian Shi) were at first thought 
by Chinese workers to represent a form of Australopithecus. At 
least two of these teeth are aberrant, however, and Chinese and 
Western workers now place these specimens in the genus 
Homo. The early age of the finds is also perhaps indicated by 
the fact that they were found in association with Gigantopith­
ecus. The site of Longgupo in South China has also yielded 
fossils of Homo (or perhaps a pongine) and Gigantopithecus 
from the same stratigraphic unit. These are the only such asso­
ciation(s) known in China, but a similar association occurs in 
Vietnam at the cave sites of Lang Trang and Tham Khuyen. 

Although two incisors from Yuanmou (Yunnan Prov­
ince) were once thought, on the basis of associated fauna and 
paleomagnetic stratigraphy, to be older than 1.67 Ma, recent 
geological work and reanalysis of the paleomagnetic stratig­
raphy now place these specimens at well under 0.6 Ma. Re­
searchers have always recognized that the morphology of the 
shovel-shaped incisors bears a strong resemblance to that of 
the Zhoukoudian specimens. 
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Map of Eastern and Southern Asia (heavy ontline) showing major fossil localities 
with Pliocene-Pleistocene primates. Symbols indicate age and included primates. 
while numbers represent site names (in approximate chronowgicnl order), as follows: 
36, Hudieliangzi; 37. Udunga*; 38. Shamar; 39. Atsugi; 40, Kurt/ksay' (taxon is 
Paradolichopithccus. not Procynocephalus); 41, Pinjor; 42. Mirzapur; 43. Gudi; 
44. Xinan (Pliocene); 45. Dongcun; 46, Liucheng; 47, Chingshihling; 48. 
Mianchi; 49. Gongwangling; 50. Longgupo; 51. Longgudong; 52. Yenchingkou J; 
53. Xishuidong; 54. Bama; 55, Heidong; 56, Wuming; 51. Dongpaoshan; 58, 
Koloshan; 59. Trinil and Sangiran; 60. Lang Trang; 61. Xinan (Mid Pleistocene); 
62. Hoshangdong; 63. Zhoukoudian; 64. Dujiagou; 65, Longtandong (Hexian); 
66. Miaohoushan; 67. Tham Khuyen. Tham Hai. Keo Leng; 68. Tham Om; 69. 
Tam Hang; 70. Tung Lang; 71, Hang Hum; 72. Karnul Caves; 73. Niah; 74. 
Ushikawa; 75, Shiriya; 76, KarlOndo. Pairs of symbols stacked vertically with one 
number relate to a single site . • indicates wcality outside geographic area, bitt 
included for comparison. Site numbering sequence continues pom previous map of 
earli er primate localities. 

T he oldest artifacts from stratified contexts in eastern 
Asia derive from China: in the north the Nihewan Basin 
(Hebei Province) and Lantian (Shanxi Province) and in the 
south, the Baise Basin (Guangxi Province). These simple as­
semblages of cores, chopper-chopping tOols, and flakes may 
date to the Jaramillo Subchron, at ca. 1 Ma, or slightly older 
in the case of the earliest Nihewan sites. Work in the Nihe­
wan Basin in the 1980s has confirmed that two localities (Xi­
aochangliang and Donggutuo) contain undoubted artifacts 
in a lakeside context in association with abundant fauna and 
chert artifacts, consisting mainly of simple flakes and cores. 

Co-occurrence of Hipparion and Equus confirms the paleo­
magnetic correlation. The Donggutuo locality appears to 
be a colluvial deposit that does not document hominid occu­
pation. The Xiaochangliang site is, on the other hand, a 
hominid-utilization site where cores, flakes, microdebitage 
and some surprisingly standardized arrifact rypes are associ­
ated with a fauna, some of which exhibits signs of butcher­
ing. Bifacially worked, roughly pointed cores approximating 
crude protohandaxes as well as ovates unifacially shaped on 
large flakes have been reported from localities in the Baise 
Basin of South China dating to 740 Ka. Still older deposits 
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apparently dating to ca. 2 Ma near Riwat, Pakistan, have pro­
duced chipped stones claimed as artifacts but questioned by 
some archaeologists. 

In northern Thailand, a few sites offer archaeological 
evidence for hominins in mainland Southeast Asia during 
the late Early Pleistocene. Mae Tha and Ban Don Mun have 
yielded unifacially and bifacially worked quartzite cobbles 
that stratigraphically underlie basalts of reversed polarity. 
Another locality, Kao Pah Nam, has yielded artifacts and a 
hearth in association with fauna in a rockshelter. The locality 
remains undated, but the mammalian fauna strongly sug­
gestS a Middle Pleistocene age. The only early human fossils 
in Southeast Asia are a very few isolated teeth from the Viet­
namese caves Tham Khuyen and Tham Hai. Two teeth and 
cranial fragments comparable to those of Chinese H. erectus 

were recovered from the late Early and early Middle Pleis­
tocene contexts at Tan Hang Cave in northern Laos. 

Zhoukoudian (formerly Chou-k'ou-tien) Locality 1 is 
the most famous of the Chinese Middle Pleistocene locali­
ties. This cave complex has yielded partial remains of more 
than 40 individuals from the excavation of more than 40 m 
of brecciated sediments. The cave, located ca. 45 km south­
west of Beijing, has been worked on and off since a few teeth 
were first recovered in 1927, Unfortunately, the original col­
lection was lost in late 1941, during World War II. The 
records of careful prewar excavation, accurate casts, precise 
descriptive analyses by German paleoanthropologist F. Wei­
denreich, and postwar Chinese work have all helped mini­
mize the loss of information. 

We are fairly confident that H erectus occupied the cave 
intermittently between ca. 0.6 and 0.25 Ma, because of the 
agreement of a variety of modern dating techniques. Much 
evidence bearing on the behavior of these hominids has also 
been forthcoming over the years. Layers of charcoal and 
"ash" interspersed throughout the middle and upper layers 
suggested that Zhoukoudian hominids used fire on a regular 
basis, even if it cannot be shown that they knew how to make 
it. Chemical analysis in 1996 and 1997, however, showed 
that ash was not present in these gray-colored lenses, at least 
in the area of the remaining deposits. Burned hackberry 
seeds and the charred remains of large mammals like deer 
and horses have also been put forward as evidence for the 
diet of "Peking Man." The blackening on some bones may 
be a result of manganese staining but others are clearly 
burned. There has also been a renewed recognition of the role 
that carnivores, which also occupied the cave at times, must 
have played in the accumulation and modification of the 
bones that document the Zhoukoudian fauna. Nonetheless, 
some of the bones are indisputably worked by stone tools. 
There is much less evidence, however, for the existence of the 
bone-tool industry once postulated by early workers. The 
stone-tool industry from the cave consists mostly of simply 
flaked vein quartz and other substances that are poor natural 
materials from which to manufacture more standardized arti­
facts. The fossils of "Peking Man" have at times been taken to 
show evidence of cannibalism, but, again, this is far from cer­
tain. The cranial capacity of Zhoukoudian hominins proba­
bly increased through time (from ca. 0.5 to ca. 0.2 Ma), as did 

the complexity and standardizations of their tool kits. Fur­
ther study of this unique locality will enlarge our knowledge 
of hominid adaptation in the Pleistocene. 

Additional cranial remains of Chinese H erectus have 
been announced, but, as of the late 1990s, inadequately re­
ported from Hexian (Anhui Province), Yunxian (Hubei 
Province), and Tangshan (near Nanjing, Anhui Province); 
other sites have yielded teeth. The Hexian cranium may doc­
ument the latest known H erectus in China. The Nanjing 
and Yunxian crania may present some morphological charac­
ters that recall those of early H sapiens. 

The nature and the antiquity of Asian archaeological as­
semblages continue to spark debate. A major point of con­
tention has been the distributions of Acheulean assemblages 
and the so-called chopper-chopping tool complex. In 1940, 
American prehistorian H.L. Movius recognized a difference in 
the geographical distribution of these assemblages, with 
Acheulean assemblages occurring in central and southern 
parts of the Indian subcontinent and more crudely manufac­
tured, nonbifacially worked assemblages occurring farther 
east. Local variations of the Mode 1 chopper-chopping tool 
complex have been given various names: Pacitanian (Indone­
sia), Anyathian (Burma), Fingnoian (Thailand), and Tampan­
ian (Malaysia). Movius further suggested that a line, termed 
Movius's line by his colleague the American anthropologist 
C.S. Coon, could be drawn between the "cultural backwater" 
of eastern Asia and the "more developed" cultures of Africa, 
India, and Europe. Others have suggested that this line may 
actually reflect different adaptations to contrasting environ­
ments, with the East Asian assemblages reflecting the exploita­
tion of decidedly more forested habitats. G.G. Pope has sug­
gested that bamboo provided a versatile raw material that, to a 
large extent, supplanted a reliance on lithic raw materials. 

Debate has been further complicated by the fact that 
the vast majority of Asian archaeological assemblages, espe­
cially outside of China, cannot be shown to be earlier than 
ca. 60 Ka. Some artifacts have been recovered from Middle 
Pleistocene contexts in Siberia, India, and Southeast Asia, 
but they tell us little about the nature and extent of variation 
of the Early Paleolithic in Asia. Apparently later Middle 
Pleistocene sites in India have long yielded assemblages with 
handaxes effectively identical to those from Europe and 
Africa. S. Mishra and colleagues reported that the Bori site 
near Pune (Maharashtra state) has yielded numerous flakes 
and several simple bifaces in association with tephra layers 
dated to 670 Ka by 39Ar/4°Ar. Younger Acheulean sites in 
South Asia have been dated less securely. Middle Paleolithic 
(Middle Stone Age) assemblages are also known in quantity. 

As in Southeast Asia, no Acheulean or handaxe assem­
blages have yet been recognized in China. Chinese workers 
recognize two "tool traditions" in what is probably a highly 
oversimplified interpretation of the archaeological record 
there: a large-tool tradition including "protobifaces" and 
"choppers" and a small-tool tradition composed largely of un­
differentiated flakes. Some assemblages, like those from Ding­
cun, are said to be composed of both traditions. A selection of 
artifacts from the Lantian region (but not the two sites yield­
ing human remains), Dingcun, and a few other sites have been 
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Map of Eastern and Southern Asia (heavy outline) showing major fossil hominin and 
archaeological localities. Symbols indicate age and included taxa and/or industries, 
while numbers represent site names (in approximate chronological order), as follows: 
1, Mojokerto, Sangiran, Solo, Trinil, etc.; 2, Longgupo; 3, Gongwangling (Lantian); 
4, Nihewan; 5, Longgudong (Jian Shi); 6, Yuanmou; 7, Xihoudu; 8, Xishuidong; 8a, 
Baise; 9, Chenchiawo (Lantian); 10, Bori; 11, Mae Tha, Ban Don Mun, Kao Pah 
Nam; 12, Kehe; 13, Lang Trang; 14, Huludong (Nanjing); 15, Yunxian 
(Quyuanhekou); 16, Zhoukoudian (note 3 symbols of diffirent age); 16A, 
Qizianshan (Yiyuan); 17, Takamori; 18, Xinhuashan (Nanzhao); 19, Dujiagou 
(Yunxian); 20, Nishiyagi; 21, Chon-gok-ni; 22, Tham Khuyen, Tham Hai, Keo 
Leng; 23, Bailongdong (Yunxi); 24, Donghe (Luonan); 25, Tam Hang; 26, Tham 
Om; 27, Miaohoushan; 28, Longtandong (Hexian); 29, Dali; 30, Longdong 
(Changyang); 31, Jinniushan (Yinkou); 32, Tongzi (Tungtzu); 33, Yinshan 
(Chaoxian); 34, Hathnora (Narmada); 35, Ushikawa; 36, Maba; 37, Dingcun; 38, 
Hang Hum; 39, Xujiayao; 40, Xuanrendong (Xichou); 41, Shuiyen; 42, Xigou; 43, 
Salawusu; 44, Niah; 45, Jiulengshan; 46, Xiaonanhai; 47, Liujiang; 48, Kota 
Tampan; 49, Hemudu; 50, Banpo; 51, Spirit Cave. Numerous sites in southern Asia 
yielding only archaeological residues are not indicated. Two sets of symbols boxed 
because of insufficient space for site numbers, no special relationship implied. 
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interpreted as bifaces, but they are either of uncertain prove­
nance or younger than ca. 150 Ka. Well-made bifaces are also 
known from Chon-gok-ni in South Korea, which have been 
demonstrated to date to the final Middle or early Late Pleis­
tocene. All of these are probably unrelated to the Acheulean 
tradition of Mrica, Europe, Southwest Asia, and India. 
Clearly, much remains to be done to clarify and define the 
earlier Paleolithic in East Asia. In the 1990s, however, sym­
metrical pointed unifacial tools and partially flaked bifacial 
tools on large flakes have been recovered from the Baise basin 
in south China. These finds, which predate 0.732±0.039 
Ma, together with small well-made bifaces from Takamori in 
Japan dating to c. 500 Ka, begin to blur the distinctions 
made by Movius. 

Several regions of mainland southern and eastern Asia 
have provided evidence about the later phases of human evo­
lution. Crania from India (Narmada) and China (Dali, Xuji­
ayao, Mapa, Jinniushan) testify to the presence of various 
forms of Homo morphologically intermediate between H. 
erectus and anatomically modern H. sapiens. Like the Ngan­
dong hominids, the Dali specimen has been of particular in­
terest, since its morphology has been claimed to bridge the 
gap between H. erectus and modern regional Asian popula­
tions while at the same time diverging from the morphology 
of the "archaic Homo sapienS' known from Africa and Eu­
rope, Other researchers consider that it is within the range of 
such Western fossils as Petralona and Kabwe. No true Nean­
derthals are known within the areal range of eastern and 
southern Asia, although they do extend eastward to the mar­
gins of western Central Asia (Uzbekistan). 

The origin and antiquity of the modern races of Asia are 
poorly understood. Early workers, such as Weidenreich, dis­
cerned contemporaneous racial types-Esquimoid, Melane­
sian, and Ainu (related to Caucasian)-in a sample from the 
Upper Cave at Zhoukoudian, Other authors, such as C. 
Coon, M.H, Wolpoff, and A.T. Thorne, have suggested that 
even Middle Pleistocene Asian hominids show a regional con­
tinuity that allies them with recent and modern populations in 
the same areas of Asia, On the other hand, based on both pale­
ontological and genetic analyses, it has been suggested that 
anatomically modern H. sapiens were the result of invading 
populations that replaced the descendants of H. erectus. These 
alternative models of modern human origins often focus on 
the South and East Asian fossil evidence. A variety of modern 
human remains discovered in the 1990s in China were re­
viewed in 1996 by D. Erler, and detailed studies of these 
should help to clarify the relationships of early East Asians, 

Late Palaeolithic artifacts accompany anatomically 
modern people in eastern Asia, but the assemblages are char­
acterized by a low frequency of blades. Microliths are also rare 
in China, except in the north, which also has wedge-shaped 
cores not unlike those found at a later date in Alaska. Bone 
needles and harpoons, elaborate jewelry, and grave goods 
were included with the burials at Zhoukoudian Upper Cave. 

Early evidence of agriculture and domestication, estab­
lished in Southwest Asia by 11 Ka, is also found somewhat 
later in northeastern Asia Qapan). Although dates as early as 
ca. 10 Ka have been claimed for horticultural practices at 

Spirit Cave in northern Thailand, most workers think that the 
evidence is equivocal and does not distinguish between food 
collecting and horticulture. At Jomon sites in Japan, with an 
economic pattern of sedentism apparently based on fishing, 
pottery is thought to antedate 12.5 Ka and is followed by the 
introduction of cereal grains by 9 Ka. By 5 Ka, rice farming 
was established in several areas, including Thailand and 
coastal China, where sites such as Hemudu (Zhejiang) suggest 
a mixture of hunting (deer, rhinoceros, elephant), rice cultiva­
tion, and animal husbandry (pigs and water buffalo). By 
5000-2500 BP, the coastal Neolithic culture (Longshan) was 
also characterized by such classic Chinese crafts as jade carv­
ing, and scapulimancy (predicting the future from the pat­
terning of cracks in burned animal bones, especially scapulae). 
Inland sites reflect a different line of Neolithic development: 
the Yangshao culture. At the site of Banpo near Xian in north 
China's Shanxi Province, dating to ca, 7000 BP, an elaborate 
system of defensive ditches and walls protected the setrlement 
of farmers. A very large, centrally located structure and a spe­
cialized area set aside for the production of beautifully painted 
pottery also suggest the early development of economic and 
social complexity. Fishhooks and barbed points, together with 
the stylized fish designs on the pottery, suggest the importance 
of this resource as a supplement to an agricultural economy 
based on millet and pigs. 

See also Acheulean; Adapiformes; Mrica; Anthropoidea; Ar­
chaic Homo sapiens; Asia, Western; China; Dali; Decore­
don; Dingcun; Dryopithecinae; Early Paleolithic; Eosimi­
idae; Europe; Gigantopithecus; Hexian; Homo; Homo 
erectus; Homo sapiens; Indonesia; Jinniushan; Lang Trang; 
Lantian; Longuppo; Lorisidae; Lufeng; Lufengpithecus; 
Meganthropus; Modern Human Origins; Narmada; Ne­
olithic; Ngandong (Solo); Nihewan; Notharctidae; 
Omomyidae; Paleolithic; Paleolithic Lifeways; Petrolemur; 
Plesiadapiformes; Pliopithecidae; Pondaung; Ponginae; Raw 
Materials; Russia; Sivapithecus; Siwaliks; Stone-Tool Mak­
ing; Xiaochangliang; Yuanmou; Zhoukoudian. [G.G.P., 
A.S.B., E.D.J 
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ASia, Western 
Geographic region extending from western Turkey to eastern 
Afghanistan and from the Arabian Peninsula and the Per­
sian/Arabian Gulf to the Caucasian and Central Asian re-

ASIA, WESTERN 

publics of the former Soviet Union; it includes what is some­
times referred to as the Near East, the Middle East, or South­
west Asia. Western Asia as used in this work is bounded on 
the north by Russia, on the east by Pakistan and China, and 
on the south and west by Europe and the Black, Mediter­
ranean, Red, and Arabian seas. It shares many cultural and 
ecological features with North Africa (including Egypt), 
South Asia (Pakistan, India, and Sri Lanka), and southern 
Russia. Despite long and complex cultural and historical in­
teractions among these areas, however, western Asia is suffi­
ciently distinctive in its ecology and culture to be treated as a 
separate entity by historians, geographers, and social scien­
tists. The rest of Asia is considered in the articles ASIA, EAST­
ERN AND SOUTHERN and RUSSIA. 

Western Asia encompasses a wide range of habitats­
temperate, hyperarid, humid, desert, steppe, mountains­
but it is generally characterized by long, hot, rainless sum­
mers and cooler, wetter winters. Linguistically and culturally 
diverse in the earliest historic periods five millennia ago, the 
area is dominated today by Muslims of various sects but is 
also home to Christians, Jews, Yazidis, and other religious 
minorities distributed among a range of ethnic groups. The 
region was the setting for most of the first successful experi­
ments in plant cultivation and stock breeding, as well as the 
earliest civilizations, and current adaptations are marked by 
complex interactions among sedentary village agricultural­
ists, mobile pastoralists, and city dwellers. 

Our understanding of prehistoric settlement patterns is 
distorted both by the history of archaeological investigation 
and by the burial of sites by late-and postglacial geomorpho­
logical processes. Some areas, like the Arabian Desert and 
Anatolia, are poorly known; others, especially the Levantine 
border of the eastern Mediterranean and the Zagros Moun­
tains ofIraq and Iran, have been comparatively well explored. 
As further research is carried out in western Asia, our under­
standing of various prehistoric periods there, and of the area's 
place in the prehistoric world, will continue to improve. The 
archaeology of western Asia is best and most extensively doc­
umented for the Holocene, but there is scattered evidence of 
occupation earlier in the Pleistocene. Palynological analysis 
suggests that climatic regimes and vegetational successions 
during the later Pleistocene differed from one region to the 
next, but through much of the past 2 Myr the greater part of 
Southwest Asia was colder and drier than it is at present. 

Primate Fossils 
During the Paleogene, most of western Asia was effectively 
part of the Eurasian landmass and thus separated from the is­
land continent of Afro-Arabia, although it was broken up into 
a number of small tectonic plates. By ca. 18 Ma, the Afro-Ara­
bian plate made contact with Eurasia to its northeast, allowing 
the passage of terrestrial mammals, including primates, 
between the two areas. Central to this interchange was the 
western-most part of Asia, with important early fossils in both 
Saudi Arabia and Turkey in the Miocene. A hominoid jaw frag­
ment and several teeth from Ad Dabtiyah (Saudi Arabia), 
named Heliopithecus and dated to ca. 17 Ma, document the 
continuity of the African catarrhine fauna across the Red Sea 
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Rift at this time, Heliopithecus is very similar to the contempo­
raneous Afropithecus from northern Kenya, and together these 
forms represent the earliest members of Hominidae. 

named Udabnopithecus but now included in Dryopithecus are 
known from the Georgian Republic on the northwestern 
margin of western Asia. 

The importance of this region as a migration corridor 
for higher primates during the Miocene is documented by 
the presence of several species of monkeys and apes. From 
�P�a�~�a�l�a�r� and <;:andir, western Turkish sites dated at ca. 16-15 
Ma, come a partial mandible and hundreds of isolated teeth 
that can be identified as the kenyapithecine Griphopithecus. 
Younger specimens from the Sinap beds (western Turkey, 9.8 
Ma) were once termed Sivapithecus but are now recognized 
as Ankarapithecus meteai. This genus is similar to the pongine 
Sivapithecus from the Indo-Pakistani Siwaliks, but it is less 
Pongo-like in retaining the conservative broader interorbital 
region and stronger supraorbital torus. Two teeth originally 

In the later Miocene, the southern European colobine 
monkey Mesopithecus is known from Maragheh (northwest­
ern Iran) and Molayan, near Kabul (Afghanistan); similar 
colobines extend eastward into the Siwaliks. An isolated 
male canine not yet identifiable as to subfamily is known 
from one of several Late Miocene (ca. 8-6 Ma) localities in 
Abu Dhabi. Macaque monkeys probably also spread through 
the region in the Pliocene, but the earliest fossils are from the 
Early Pleistocene of 'Ubeidiya (Israel). The probable 
macaque relative Paradolichopithecus is known by a species in 
Tadzhikistan (at Kuruk, ca. 1.9 Ma), apparently different 
from that known in southern Europe. 



Early Paleolithic 
During the Paleolithic, western Asia exhibits evidence both 
of indigenous cultural development and of influences (prob­
ably including numerous migrations) from adjacent regions, 
The earliest documented hominin presence in western Asia 
occurs at 'Ubeidiya (Israel), which dates to at least the end of 
the Matuyama Chron (older than 780 Ka) and probably to 
ca, 1.4 Ma on biochronologic grounds, Claims of artifacts 
from the Pliocene Erq el-Ahmar Formation in the Jordan 
Valley have yet to be thoroughly investigated, While the 
Early Acheulean and Developed Oldowan archaeological 
residues at 'Ubeidiya are very similar to those found in East 
Mrica (especially Olduvai Upper Bed II), palynological 
analysis and studies of fossils from this site indicate a tem­
perate climate much like that found in southern Europe, It 
seems likely that 'Ubeidiya reflects early hominin explo­
ration of temperate environments, Several human teeth have 
been queried as to provenance, but they may well represent 
Homo erectus, A mandible of that species from Dmanisi in 
the Georgian Republic is dated to 1,5-0,9 Ma; while techni­
cally located in southeasternmost Europe, it is presumably 
indicative of the earliest human populations of western Asia. 

Archaeological sites of Middle Pleistocene age are 
known from open-air contexts, such as Latamne and other 
sites on the terraces of the Orontes River and from the EI 
Kowm oasis in Syria; from Gesher Benot Ya'acov, Kissufim, 
Holon, Maayan Barukh, and the Evron Quarry in Israel; 
from Berekat Ram on the Golan Heights; and from numer­
ous other localities throughout the region. Middle Pleis­
tocene cave deposits are somewhat less common, Such sites 
include Umm Qatafa, Jabrud, Ras el-Kelb (Bezez and Zu­
moffen caves), Zuttiyeh, and Tabtlll Cave Levels E-G, Very 
few verified occurrences of Early Paleolithic remains (e,g., 
Barda Balka in Iraq and the lower levels of Karain Cave in 
Turkey) have been recovered from the Taurus-Zagros Moun­
tain ranges or the Iranian Plateau, 

The lithic industrial succession in southwestern Asia is 
very similar to that seen in Europe and adjacent parts of 
North Mrica. Early Paleolithic assemblages lacking hand­
axes, such as those found in the Fi Member at 'Ubeidiya, are 
often described as Developed Oldowan. Similar assemblages 
from caves (e,g" Tabun Level G) are frequently called Taya­
cian or Tabunian, Early Acheulean assemblages, like those 
from 'Ubeidiya and Latamne, feature rather blocky bifaces 
and trihedral picks, generally made of basalt or flint, Some­
what later Acheulean assemblages feature more symmetrical 
bifaces and the use of Levallois prepared-core techniques 
(e,g., at Maayan Barukh in the Huleh Valley and Berekat 
Ram). One site in particular, Gesher Benot Ya'acov, features 
basalt cleavers made on large rectangular flakes struck from 
boulders. This technique is strongly reminiscent of the 
Tachengit/Tabalbalat technique from Morocco, where it is 
also used to produce cleavers, and its occurrence at Gesher 
Benot Ya' acov may hint at a cultural connection between the 
Levant and North Africa, 

In the late Middle Pleistocene, unique regional variants 
of the Acheulean appear in the Levant and possibly in the 
Taurus Mountains. One of these variants, the Mugharan tra-
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dition (also known as the Acheulo-Jabrudian industry) is 
known from Tabiin E, Bezez C, El Kowm, Jabrud rockshelter 
1 a Levels 11-18, and Zuttiyeh. The Mugharan is marked by 
widely variable percentages of thin, symmetrical handaxes, 
thick and steeply retouched sidescrapers, and-in some lev­
els-unusually high numbers of prismatic blades struck from 
simple unidirectional cores, The Levallois technique is gener­
ally absent from Mugharan sites on the Mediterranean coast, 
but it is present in Late Acheulean sites from the interior of 
the Levant, such as Maayan Barukh, Berekat Ram, and nu­
merous sites in the EI Kowm oasis. At several sites (Tabun, 
Ras el-Kelb, Jabrud), Mugharan levels feature a precociously 
early blade industry generally known as the Pre-Aurignacian 
orthe Amudian (afterthe Wadi Amud in the eastern Galilee), 

Early Paleolithic hominin fossils from the Levant con­
sist of a few isolated and highly fragmentary remains, such as 
the Zuttiyeh frontal, femoral diaphyseal fragments from 
Gesher Benot Ya' acov and Tabiin Ea, and a few isolated teeth 
(Tabun Ea, 'Ubeidiya). While all of these remains are attrib­
utable to Homo, their fragmentary nature in most cases pre­
cludes any precise (i,e" species-level) assessment of their rela­
tionships to one another or to hominin populations in 
adjacent regions, The Zuttiyeh frontal has been interpreted 
as both pre-Neanderthal and premodern (on the basis of its 
seemingly high forehead), but it may best be considered 
comparable to the Florisbad (South Africa) face of similar 
age: an "archaic Homo sapiens" without Neanderthal features 
but possibly foreshadowing early moderns. 

In most respects, the Early Paleolithic archaeological ev­
idence from the Levant is similar to that seen in Middle 
Pleistocene Europe and during the Early to Middle Pleis­
tocene of Africa, Patches of ashy sediments at Tabun seem 
plausibly attributable to human control of fire, On the basis 
of their geographic position and/or their faunal associations, 
most Early Paleolithic sites probably were located within the 
Mediterranean woodland phytogeographic zone, which fea­
tures a wide range of plant and small animal food sources. 
Apart from Tayacian occupations in the lower levels of 
Karain (Turkey), there is little evidence of sustained human 
presence in the montane zones or in the steppe-desert. 
Unfortunately, the quality of faunal preservation is so poor 
at most Early Paleolithic sites that it is difficult to obtain de­
tailed information about hominin hunting or scavenging 
strategies, 

In the eastern part of western Asia, numerous localities 
with predominantly Mode 1 (pebble-chopper) tools and 
flakes are known, The most secure lithic evidence comes 
from the stratified site Karatau I, found in a 90-m loess de­
posit in Tadzhikistan, thermoluminescence-dated to ca. 200 
Ka, There a paleosol 64 m below the surface was excavated 
over an area of 500 m2, yielding more than 600 artifacts 
(mainly flakes and fragments, with some 50 chopper cores). 
A more ancient assemblage was recovered from Kuldara, ca. 
100 km to the east. There a sequence of 28 paleosols was 
excavated in a river gorge, with the artifact horizon in geo­
magnetically reversed layers between normal ones, suggest­
ing a Late Matuyama age ca, 0.85 (between 0,97 and 0,78) 
Ma, In a surface of 40 m2, at least 40 artifacts were recovered, 
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mainly flakes with some cores. At Selungur Cave, in Kyr­
gyzstan, Mode 1 artifacts and human remains said to be 
H. erectus were recovered below a travertine layer dated by 
uranium-series analysis to ca. 125 Ka. Industries with hand­
axes have been found in several localities in the Caucasus, 
again formally included in Europe. Azych (Azerbaijan) and 
Kudaro (Russia) are the least ambiguous sites, with moderate 

lithic assemblages and, at Azych, a human mandible. Faunal 
and pollen data indicate that these upland sites were first oc­
cupied during a warm interglacial period, supposedly early 
(Stage 9 or 7) but perhaps only Eemian (Stage 5e). While the 
lowest layer at Azych contains Mode 1 tools in association 
with a Tiraspol fauna; the lowest deposits at Kudaro contain 
handaxe industries that are associated with hearths. 



Middle Paleolithic 
The chronology of the Early-Middle Paleolithic transition in 
the Levant is somewhat unclear, due to large standard errors 
of thermoluminescence (TL) and electron spin resonance 
(ESR) dates in excess of 100 Ka. Thus far, both the youngest 
Mugharan and the oldest Middle Paleolithic occurrences are 
between 200 and 150 Ka. Transitional assemblages have 
been identified in Unit X of A. Jelinek's Tabiin excavations 
and in the vicinity of El Kowm in Syria, where they are 
known as the Hummalian industry, 

During the Middle Paleolithic, there is evidence of a 
sustained human presence in the Taurus-Zagros Mountains, 
but the record of this region differs significantly from that of 
the Levant. Montane sites like Karain (Turkey), Shanidar 
(Iraq), Bisitun, Kunji, and Warwasi (all in Iran) preserve as­
semblages with generally low Levallois indices, heavily re­
touched tools, and predominantly centripetal core prepara­
tion. Ibex figures prominently among the faunal remains 
from these sites, and the associated hominin fossils are Nean­
derthals. Shanidar (Level D) yielded nine Neanderthal skele­
tons, one of which was apparently buried with flowers, as re­
flected in very high frequencies of flower pollen over the 
skeleton relative to amounts of such pollen elsewhere in and 
around the site. Another individual evidently was cared for 
following a crippling injury to his right arm. The radiocar­
bon dates for the latest skeletal material at Shanidar (ca. 44 
Ka) might best be regarded as infinite (minimum) dates, 

In the Levant, the record is somewhat better docu­
mented, although occupations of the steppe-desert are still 
rare. The principal Middle Paleolithic industry is known as 
the Levantine Mousterian. Key Levantine Mousterian cave 
sites include Tabiin, Kebara, Amud, Qafzeh, Skhiil (all in Is­
rael), Jerf 'Ajla (Syria), and Tor Faraj and Tor Sabiha (both in 
Jordan), Well-described open-air sites include Biqat 
Quneitra, Rosh Ein Mor, and Nahal Aqev (all in Israel). Lev­
antine Mousterian assemblages, as a group, are made mainly 
on flint and feature high percentages of Levallois debitage, 
Blades are rather common in Levantine Mousterian assem­
blages, scrapers are generally lightly retouched, and, in con­
trast to European Mousterian assemblages, Levallois points 
are very common, Several technotypological variants of Lev­
antine Mousterian have been recognized, and most assem­
blages are described in comparison to the assemblages from 
Tabiin Cave Levels B, C, or D, The most common animal re­
mains found in Levantine Mousterian occupations include 
Bos primigenius, Dama mesopotamica, Cervus elaphus, Sus 
scroja, Gazella gazella, and Capra ibex. Levantine Mousterian 
sites furnish evidence for the controlled use of fire, burial of 
the dead, and the use of mineral pigments (red ocher). Lim­
ited horizontal exposures at Kebara Cave and Rosh Ein Mor 
suggest a rather haphazard scattering of hearths and artifacts, 
presumably reflecting short-term occupations, Biqat 
Quneitra preserves numerous broken bones of large mam­
mals, a unique flint industry, and numerous basalt pounding 
tools on the shores of an ancient lake on the Golan Heights, 

Both Neanderthals and early modern humans occur in 
Levantine Mousterian contexts, Neanderthal fossils have 
been recovered from Amud, Tabiin, Dederiyeh (Syria), and 
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Kebara. Early modern human fossils have been found at 
Skhiil and Qafzeh. TL and ESR dates place the Skhiil­
Qafzeh fossils between 120 and 80 Ka, older than at least one 
of the Neanderthals (Kebara; probably also Amud and Ded­
eriyeh). Moreover, it has been suggested that the mandible 
Tabiin 2 (from Layer C) fits with the slightly younger Skhiil­
Qafzeh population, while the female Neanderthal skull 
Tabiin 1 might derive from either Layer C or the Skhiil-aged 
Layer B. It is thus possible that no local Neanderthal pre­
ceded the more modern population. 

The new dates in the Levant challenge the longstanding 
hypothesis of archaic-modern human evolutionary continu­
ity in this region, although some scholars continue to view all 
of these fossils as part of a single polymorphic population. 
Proponents of this latter hypothesis generally point to Nean­
derthals' and early modern humans' similar archaeological as­
sociations as signifying a close cultural connection between 
these hominins in the Levant. Others regard these associa­
tions as superficial reflections of behavior patterns shared 
broadly among most early Late Pleistocene humans. There is 
no evidence that both Neanderthals and early modern hu­
mans occupied the same site at the same time. The scarcity of 
hominin fossil material from the preceding Mugharan makes 
it difficult to evaluate whether the Levantine Neanderthals or 
the Skhiil-Qafzeh fossils bear the strongest resemblance to 
late Middle Pleistocene humans from western Asia. 

Neanderthals are also known from the Teshik-Tash 
Cave in Uzbekistan (a juvenile burial with grave goods) and 
from the caves of Kiik Koba and Staroselye in Crimea 
(Ukraine, thus the edge of Europe). Other than Teshik-Tash, 
Early Mousterian assemblages are rare in Central Asia, but 
two "Loessic Paleolithic" sites at Lakhuti, near Kuldara in 
south Tadjikistan, may be relevant. Both are found in pale­
osols dated only by regional correlation to the last inter­
glacial and just after (ca, 120-80 Ka), although alternative 
correlations place them older. The older site, Lakhuti I, pro­
duced 388 artifacts, including various types of scrapers and 
points, and both simple (pebble) and prepared (Levallois­
like) cores. Some tools are said to resemble European Clac­
tonian or Tayacian pieces, but the whole is thought by V Ra­
nov to be a local continuation of the Kuldara-Karatau 
tradition, rather than related to Western cultures, such as the 
Mousterian. The younger Lakhuti III (Obi-Mazar) assem­
blage is much smaller, with only 33 flakes and a few cores 
and wedges, but figured pieces resemble Mousterian scrapers 
and points. A variety of sites have been said to yield typolog­
ically Late Mousterian implements similar to those from far­
ther west. The cave of Darra-i-Kur in Afghanistan also yields 
Mousterian, but the human fossil originally thought to be 
Neanderthal may instead relate to early modern humans. 

Upper Paleolithic 
The transition from Middle to Upper Paleolithic in the Lev­
ant was once linked to an Emiran industry that is now recog­
nized as a geological conflation of separate Middle and Up­
per Paleolithic elements. In situ deposits of an early Upper 
Paleolithic transitional industry occur between 45 and 38 Ka 
at Ksar 'Akil and Boker Tachtit. These sites preserve se-
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quences in which blanks for characteristically Upper Paleo­
lithic tool types (endscrapers, burins) and some novel forms, 
such as the Emireh point, were initially made on Levallois 
blanks and later made on prismatic blades. The modern hu­
man fossils from Ksar 'Akil ("Egbert") and the Upper Paleo­
lithic frontal bones from Qafzeh are probably associated 
with this industry, 

Upper Paleolithic assemblages dating between 38 and 
20 Ka in the Levant are generally assigned to one of two co­
traditions. The earliest of these, the Ahmarian, is character­
ized by a well-developed blade/bladelet industry and is found 
throughout the Levant. The Ahmarian is represented at Ksar 
'Akil, Kebara, Qafzeh, Erq el-Ahmar, Lagama, Boker BE, and 
Kadesh Barnea. The other industry, called Levantine Auri­
gnacian, features a flake-based industry with lamellar retouch 
on carinated scrapers and burins. Small retouched bladelets 
(El Wad points) also occur in most assemblages. The oldest 
dates for the Levantine Aurignacian derive from Hayonim, 
where a split-base bone point provides a further stylistic link­
age to the European Aurignacian. The date of 34 Ka, how­
ever, is at least 4-8 Kyr younger than the oldest Aurignacian 
sites in Europe (Bulgaria and Spain), negating in simplistic 
terms the old theory that anatomically modern humans bear­
ing an Aurignacian culture moved into Europe from the Lev­
ant. Nonetheless, a Southwest Asian source for the European 
Aurignacian must still be considered a possibility. 

The Levantine Aurignacian is known primarily from 
sites in the North-Central Levant, such as Ksar 'Akil, EI 
Wad, Kebara, el-Khiam, Sefunim, and Hayonim. This 
northerly distribution is especially interesting in view of the 
(western) Aurignacian affinities noted in the Upper Paleo­
lithic Baradostian industry of the Zagros region. Directly 
overlying the Mousterian at Shanidar without an interven­
ing bladelet industry, the Baradostian is characterized by 
high percentages of burins, some with a distinctive nosed 
profile reminiscent of Aurignacian burins. The distinctive 
carinate scrapers and busked burins of the European and 
Levantine Aurignacian are present but rare. The Baradostian 
appears earlier than the Levantine Aurignacian, however; ra­
diocarbon dates from Shanidar (Level C) and Yafteh Cave in 
western Iran fall between 38 and 35 Ka. D.l. Olszewski and 
H.L. Dibble discussed in 1994 the equivalent industry at 
Warwasi rockshelter (Iran), emphasizing the similarities to 
both Levantine and Central European Aurignacian (andAh­
marian) assemblages, including regional variation and the 
occurrence of typical European index-implements. They 
suggested that the Baradostian be renamed the Zagros Auri­
gnacian to reflect its likely affinities. 

In those sites in which horizontal exposures have been 
made, Upper Paleolithic levels have preserved discrete 
hearths and knapping areas, Ahmarian sites excavated in the 
Wadi Abu Noshra, however, may yield additional informa­
tion about site structure. Ochre is often found in Upper Pa­
leolithic sites, and ochre-grinding stones were found in 
Qafzeh Level 9, However, neither the Upper Paleolithic sites 
in the Zagros nor their counterparts in the Levant preserve 
mural or portable art comparable to that seen in the Euro­
pean Upper Paleolithic. 

Upper Paleolithic sites farther north and east are rare. Kara 
Kamar (Afghanistan) provided radiocarbon dates in the 1950s 
that were probably beyond the range of the early technique; the 
assemblages may relate to the Zagros Aurignacian. On the other 
side of the Afghan-Tadzhik Depression, Shugnou produces 
blade tools and at least the upper layer may be quite late (10,700 
BP). Within the city of Samarkand, an apparently early Upper 
Paleolithic assemblage is said to include pebble tools and to 
show continuity with the local Middle Paleolithic; this pen­
chant for regional cultural continuity seems to characterize the 
Central Asian interpretive paradigm. Some high-altitude areas, 
such as the high Zagros and the Iranian and Anatolian plateaus, 
may have been abandoned around the time centering on the 
last glacial maximum (ca. 28-14 Ka), There seem to be gaps in 
the occupational histories of parts of the Zagros, in northern 
Afghanistan, and in Central Asia during this period. 

Ca. 20-14 Ka, true microlithic blade industries occur 
in the Levant, where they are assigned to the Kebaran indus­
try. The Kebaran, which is known from Kebara, EI Wad, 
Ksar 'Akil, Ein Gev, and Hayonim, is characterized by 
obliquely truncated blades, bladelets, and microliths. 
Ground-stone mortars and pestles also occur at Kebaran 
sites, where they are believed to have been used to pulverize 
acorns and cereal grasses. Ein Gev I, a site near the foot of the 
Golan Heights in Israel, preserves a Kebaran occupation that 
consists of several small, circular, semisubterranean hut foot­
ings that appear to have been repeatedly, perhaps seasonally, 
occupied. The Kebaran probably reflects hunter-gatherers 
practicing a strategy of seasonal transhumance or circulating 
mobility between highland and lowland sites. Fallow deer are 
common in Kebaran sites, followed by ibex (in Lebanon and 
Syria) and gazelle (in the southern Levant). The waterlogged 
Kebaran site of Ohalo discovered in the 1990s on Lake Kin­
neret will probably yield important information about Ke­
baran plant use, Cold, arid conditions seem to have re­
stricted Kebaran occupations mainly to areas near the 
Mediterranean coast and the northern shores of Lake Lisan, 
a freshwater lake that covered much of the Jordan valley. In 
the Zagros, the epipaleolithic Zarzian culture may reflect a 
similar adaptation. 

In both the Levant and the Zagros, the number of sites 
and the diversity of ecological niches they occupied increased 
throughout the Late Weichselian, and faunal analyses suggest 
increasing local specializations involving the hunting of par­
ticular species. Regional and interregional movement, and 
perhaps long-distance exchange, are suggested by finds of 
ocher, marine shells, and obsidian in areas where they do not 
occur naturally, Toward the end of the Upper Paleolithic, 
several changes suggest the development of increasingly di­
versified subsistence strategies, Some sites in western Asia 
and the Levant have produced remains of molluscs, fish, and 
turtles; a few have abundant remains of land snails. The sam­
ple of avifauna is larger for this time range, although this may 
be partly a function of better preservation in more recent 
deposits. 

The relatively humid interval of 14-12 Ka witnessed an 
expansion of settlement into the interior and highland zones 
(i.e., the Negev, Sinai, and southern Jordan). Two principal 
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lithic cultures are known from this period, the Geometric 
Kebaran and the Mushabian. The Geometric Kebaran, as its 
name suggests, exhibits numerous technological and rypo­
logical continuities with the Kebaran, differing mainly in 
featuring geometric microliths (chiefly trapezes). Geometric 
Kebaran sites vary widely in size, from substantial sites like 
Neveh David on Mount Carmel to smaller lithic scatters in 
the Sinai. A different industry, the Mushabian, is marked by 
steeply arched microliths and the frequent use of the mi­
croburin technique. The Mushabian is found exclusively in 
the arid interior southern Levant (e.g., Sinai), suggesting it 
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D Pliocene-Pleistocene: Cercopithecinae 

• Early Paleolithic 

0 ?Homo erectus & Early Paleoli thic 

[!] "Archaic Homo sapiens" & Early Paleolithic 

�~� Early & Middle & Upper Paleolithic 

• Middle Paleolithic 

(!) Neanderthal & Middle Paleoli thic 

0 ?Neanderthal & M iddle Paleolithic 

() Neanderthal & ?H. s. sapiens & Early & 
Middle Paleolith ic 

�~� Homo sapiens sapiens & Middle Paleolithic 

�~� Middle & Upper Paleolithic 

0 ?Middle & Upper Paleolithic ... Homo sapiens sapiens & Upper Paleolithic 

+ Upper Paleolithic 

"* ?Neolithic 

* Epi-Paleolithic and/or Neolithic 

Map of portion of Levant (Israel and Lebanon, 
plus parts of Syria and Jordan) with high 
concentration of localities yielding fossil 
primates, hominins, and archaeological 
remains. Symbols indicate age and included 
included taxa and/or industries, while numbers 
represent site names (in approximate 
chronological order), as follows: 21. 'Ubeidiya; 
24. Maayan Barukh; 25, Gesher Benot Yaacov; 
27. Zuttiyeh; 28, Holan; 29. Kissufim; 30. 
Evron; 36, Jabrud; 37, Tabun; 41, D)ebel 
Qafieh; 42, Skhul; 44. Boker Tachtit; 45. 
Berekhat Ram; 46, Shovakh; 47, Nahal Aqev; 
48, Rosh Ein Mar; 49, Quneitra; 50. Amud; 
51, Kebarah; 52, Shukbah; 53, Ras-el-Kelb; 
68, Ksar-Akil; 71, Emireh; 72, El wad; 73, 
Erq el Ahmar; 74, Sefunim; 85, Abu Hureyra; 
102. Beidha; 103, 'Ain Ghazal; 104, Ein Gev; 
105, Byblos; 106, Ain Mallaha (Eynan); 107. 
Jericho; 108. Ohalo; 109, Nahal Oren; 110. 
Neveh David; 111, Hatoula; 112. Rosh Zill . 

could represent an arid-land adaptation. Some researchers 
have noted srylistic continuities between the Mushabian 
and the Ibero-Maurusian of North Africa. suggesting the 
Mushabian may represent a migration of African groups into 
the southern Levant. 

In the Zagros, the earliest domesticate, the dog, is re­
ported from a Zarzian site, Palegawra (Iraqi Kurdistan) dated 
to ca. 14 Ka. Oak wood suggests that acorns (and the of ten­
associated pistachios) had become avail able for fall harvest­
ing; wild cereal grasses, such as wheat and barley may have 
accompanied oak as it recolonized the area after 11 Ka. As in 
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the Levant, a number of sites contained grindstones, which 
may have been multipurpose implements used to crush nuts, 
hard-husked grasses, and pigments. 

Transition to Food Production and Village Life 
Ca. 12-10 Ka, during a period of increasing aridity, the Lev­
ant witnesses the appearance of the Epipaleolithic Natufian 
culture. Natufian sites occur throughout the Levant, but the 
largest sites are located in the oak-pistachio forests in the 
coastal lowlands. Natufian sites include both caves (Kebara, 
Hayonim, Nahal Oren) and open-air localities (Ain Mal­
laha/Eynan, Hatoula, Rosh Zin). Natufian lithic assemblages 
feature numerous crescentic microliths produced with the mi­
croburin technique. Bone tools increased in number and so­
phistication and included harpoons, fishhooks, projectile 
points, awls, needles, and scrapers. Large ground-stone mor­
tars and pestles are believed to have been used primarily for 
pounding nuts, but possibly cereal grasses as well. Rare backed 
blades with sickle polish, a wear pattern referable to prolonged 
cutting of cereal grasses, together with actual bone or antler 
sickle hafts with embedded backed microliths, may suggest in­
cipient plant cultivation. Gazelle are the most abundant 
species at most Natufian sites. Several sites have also yielded 
skeletons of domesticated dog, among the earliest known oc­
currences of Canis fomiliaris. Unlike their Upper Paleolithic 
predecessors, Natufian groups carved elaborate bone and 
stone art objects, including both anthropomorphic and 
zoomorphic forms. Dentalium shells from the Mediterranean, 
perforated animal teeth, and perforated pieces of polished 
bone were also circulated widely among Natufian groups. 

Burials occur at many sites and take a wide range of 
forms. Some burials have had their crania removed, a mortu­
ary ritual seen in subsequent early Neolithic cultures. It has 
been suggested that because some individuals at Natufian 
sites were interred beneath large stone slabs, with compara­
tively elaborate personal ornaments, this period was marked 
by developing rank or status hierarchy. 

Hayonim Terrace, Hatoula, and Ain Mallaha/Eynan are 
large open-air Natufian sites featuring semisubterranean hut 
foundations lined with stones. Similar structures also occur at 
the later Levantine sites of Mureybit (Syria) and Abu Hureyra 
Oordan). Natufian groups undoubtedly practiced a wide 
range of subsistence adaptations, but some of the larger sites 
with substantial architecture and multiple superimposed oc­
cupation floors hint at prolonged occupations, possibly year­
round sedentism in some areas. The hypothesis of Natufian 
mulriseasonal sedentism has been supported by season-of­
death determinations based on the analysis of cementum an­
nulli in gazelle teeth. Rapid population growth, a likely conse­
quence of prolonged sedentism, and the availability of cereal 
grasses were probably major factors in the origins of agricul­
ture in the Levant. Natufian occupations occur beneath early 
preceramic Neolithic levels at Jericho, Beidha, Nahal Oren, 
and the early Neolithic rockshelter of Iraq ed-Dub Oordan). 

In the Zagros, a parallel but somewhat different devel­
opment is evident at sites such as Zawi Chemi near Shanidar 
Cave, Karim Shahir, and Ganj Dareh (Iran). At Zawi Chemi, 
for example, round structures may indicate a sedentary or 

seasonally redundant occupation. Interregional exchange is 
reflected in the presence of Anatolian obsidian at some Za­
gros sites, together with marine shells, ocher, and the bitu­
men used to haft stone tools. Ground-stone objects include 
pendants, bangles, beads, and palettes. At several sites, in­
cluding Karim Shahir and Ganj Dareh, experimentation 
with clay is suggested by the presence of lightly baked clay 
figurines and other objects. Some lumps of clay carry im­
pressions of matting and basketry. Farther east and north, 
Mesolithic or Epipaleolithic sites have been described from 
northern Iran (Belt and Hotu caves), western Turkmenistan, 
southern Tadzhikistan, and the mountains of eastern 
Tadzhikistan and Kirghizia. 

While both the Levant and the Zagros provide evidence 
for increasing use of small-scale protein resources (land 
snails, mussels, clams, nuts, fish, and the like), there is some­
what more evidence in the Zagros for incipient domestica­
tion of food resources. At Zawi Chemi, ca. 10,500 BP, hu­
mans were possibly beginning to exercise some degree of 
control over sheep, as shown by a disproportionately large 
number of juveniles' bones. Bener-dated evidence from such 
slightly later sites as Cayonnu (Turkey) and Ganj Dareh 
(Iran), however, suggests that in these areas plants were do­
mesticated before animals. 

The so-called Pre-Pottery Neolithic (PPN) witnessed 
an increase in the number and diversity of sites, some of con­
siderable size and duration. Sites in this time range (ca. 
10.5-8.5 Ka) include Abu Hureyra, Mureybit, and Bouqras 
(Syria), 'Ain Ghazal and Beidha Oordan), and Jericho (Is­
rael). North of the Taurus Mountains and east of the Eu­
phrates River, lithic technology and food resources were 
somewhat different; sites of the same period include Cay­
onnu and <;:atal Hilyilk (Turkey), Ganj Dareh, Asiab, Sarab, 
Guran, and Ali Kosh (Iran), and Jarmo and M'lefaat (Iraq). 
Gazelle, deer, ox, onager, boar, sheep, and goat were hunted 
in the tenth and ninth millennia but domesticated forms had 
appeared at a number of sites throughout Southwest Asia by 
9500 BP. The earliest domesticated plants, evident in the 
tenth and ninth millennia BP, were wheat and barley, accom­
panied by lentil, chickpea, vetch, and others. Several sites 
dating to the ninth millennium BP have yielded pottery, and 
many have substantial rectilinear, multiroomed structures 
with hearths, ovens, and, in a few cases, painted walls and 
other internal ornamentation. <;:atal Hilyilk produced a large 
assemblage of sculpted figures, wall paintings, and combina­
tions of cattle horns and plaster arranged in benches and 
platforms and on walls. Elsewhere, representational figures 
were carved on bone, and small figures of animals and hu­
mans were molded in clay, as was a wide range of geometric 
shapes considered by some to have served as counting de­
vices. A few late-ninth-millennium BP sites, including Jeri­
cho, 'Ain Ghazal, and Tell Ramad, have produced human 
skulls covered with molded plaster, and some of these also 
yielded large anthropomorphic statues of plaster molded 
over reed cores. 

As in earlier times, interregional exchange in Red Sea 
cowries and Anatolian obsidian was carried out; such ex­
change is best monitored by analyzing raw materials whose 
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Reconstruction of room at C;atal Huyuk. After]. Mellaart, C;:atal Hiiyiik: A Neolithic Town in Anatolia, 1967, Academic Press. 

origins can be traced, because their chemical or mineralogi­
cal composition is idiosyncratic (they are "fingerprinted" by 
such techniques as X-ray spectroscopy and neutron activa­
tion). The period 12-8 Ka saw populations becoming in­
creasingly sedentary, with the development of villages as a 
settlement type, increasing interregional interaction in the 
form of exchange for exotic materials (evidently including, 
in a few cases, plants and animals), increasing regionalism, 
and growing diversification in the subsistence base and con­
trol over an ever-widening range of domesticates. Both at 
Jericho and at C,::atal Hiiyiik, there is substantial evidence 
that not all interregional or intraregional contacts were 
peaceful. At Jericho, the evidence takes the form of substan­
tial defensive walls dating to 8500 Bp, while at C,::atal Hiiyiik 
the contiguous houses were built without ground-level en­
trances, so as to present a solid wall to the outside (presum­
ably they were entered via retractable ladders to an upper 
story or the roof). In addition, a relatively large proportion 
of the male skeletons from C,::atal Hiiyiik had suffered trans­
verse fractures of the left forearm-the shield arm for a 
right-handed person. The C,::atal Hiiyiik skeletons also ex­
hibit substantial evidence for the development of genetic 
anemias related to malarial resistance, and thus, indirectly, 
for the emergence of this disease as a consequence of seden­
tism and incipient agriculture. In general, the dead from this 
period, often buried intramurally, provide some evidence for 
social differentiation; burials were not standardized, and 
some were accompanied by comparatively elaborate, exotic, 
and, therefore, presumably costly grave goods. 

Many sites were occupied for several generations; some, 
for centuries. The absence of large burial populations at 
some sites suggests the early use of specialized disposal 
grounds, but there are no substantial cemeteries yet known 
from this early time range. 

The Development of Complex Societies 
Throughout Southwest Asia, the Neolithic period In the 
eighth and seventh millennia BP represents a period of re­
gional consolidation and growing interregional differentia­
tion. Villages like Hajji Firuz and Guran (Iran), Yarim Tepe, 
Umm Dabaghiyah, Hassuna, Halaf, and Tell es-Sawwan 
(Iraq), Hacilar and Mersin (Turkey), Ghassoul Gordan), 
Munhata (Israel), and Byblos (Syria) were based largely on 
plant cultivation and stock breeding; their inhabitants lived 
in agglutinated, multiroomed, rectilinear structures, some 
with courtyards and upper stories; they made ceramics, tex­
tiles, basketry, metal objects, and personal ornaments, as well 
as a range of stone, bone, and wooden utilitarian objects. It 
was on this broad foundation that increasing social differen­
tiation and occupational specialization developed. Pottery, 
whose manufacture was presumably at first a cottage ind',ls­
try, varied stylistically from one region to another. Eventu­
ally, the ceramic craft, which requires special clays and abun­
dant fuel, came to be controlled by a small number of 
specialists whose wares were needed by, and distributed 
among, a larger population. Other early specialties may have 
included copper metallurgy, in which early experiments had 
been undertaken at Cayonnu; the carving of stone and bone 
seals, possibly used as signets or as stamps for painting tex­
tiles; and the sculpting of stone into amulets, ornaments, 
and representational figures. A few settlements, such as 
Hacilar and Tell es-Sawwan (Iraq), were surrounded by large 
walls, perhaps defensive in nature. Others had structures 
provisionally identified as shrines. At a few sites of the sev­
enth millennium BP Ubaid period of Mesopotamia, there is 
some evidence pointing to the development of irrigation 
canals (e.g., Choga Mani), suggesting the concomitant rise 
of organizational principles by which decisions governing al­
location of scarce water might be made, conflicts resolved, 
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Aerial view of excavation in progress at Jarmo. Courtesy of the Oriental Institute, University of Chicago. 

and canal-digging and -cleaning tasks assigned. At the same 
time, these modifications in the landscape imply the growing 
need to intensifY agrarian production, although whether to 
meet the needs of an expanding population, the whims of a 
burgeoning elite, or the desire for a surplus to exchange for 
skills, labor, or exotic materials is unclear. During this pe­
riod, settlements became increasingly diverse in location, 
size, and function, Some sites, such as Tepe Tula'i (Iran), may 
be the ephemeral remains of early specialized pastoral no­
mads; others may have served as regional centers of trade, 
transport, production, and administration, 

By the end of the sixth millennium BP, some centers had 
become quite large, with areas of ten or more hectares imply­
ing populations exceeding 1,000. A number of these sites, 
not only in Mesopotamia proper (Ur, Uruk, Jemdet Nasr) but 
also in northern Syria (Tell Brak, Habuba Kabira) and west­
ern Iran (Godin Tepe, Sus a, Choga Mani), have yielded clear 
evidence of the world's earliest writing: clay tablets inscribed 
in cuneiform in the unrelated languages Sumerian, Proto­
Elamite, and Akkadian. Deciphering of the texts has added 
immeasurably to our understanding of the ancient Near East, 
since it permits us to read the records of administrative trans­
actions, lists of kings, letters, poems, marriage and divorce 
contracts, ledgers, schoolboys' exercises, myths, religious and 

omen texts, pharmaceutical recipes, legal codes, historical 
narratives, city archives, travel itineraries, trade documents, 
accounts of sales of land, slaves, and animals, and bilingual 
dictionaries left by the thousands at scores of sites over a pe­
riod exceeding 3,000 years. From such texts, king-lists have 
been compiled, relations between cities and between nations 
have been reconstructed, and many aspects of daily life in this 
earliest civilization have been fleshed out, There is rich evi­
dence for complex division of labor, marked status differenti­
ation (with social groups ranging from royalty to slaves), a 
polytheistic religion associated with specialist officials and 
elaborate temples and ritual, sprawling and internally differ­
entiated cities, abundant and representational art that some­
times depicts military activities, and hierarchical bureau­
cracies. Civilization, a term much abused, is not discussed 
here, but it is fair to say that it would not have been possible 
without the developments of the Late Pleistocene and Early 
Holocene. 

See also Acheulean; Ahmarian; 'Ain ghazal; Amud Cave; 
Amudian; Ankarapithecus; Archaic Homo sapiens; Archaic 
Moderns; Beidha; Boker Tachtit; Broad-Spectrum Revolu­
tion; �~�a�n�d�i�r�;� �~�a�t�a�l� Hliylik; Cercopithecinae; Colobinae; 
Complex Societies; Domestication; Dryopithecinae; El Wad; 
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'Ubeidiya; Zuttiyeh. [N.B., A.S.B., E.D., CK., J.J.S.) 
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Atapuerca 

Range of limestone hills (the Sierra de Atapuerca) lying ca. 
20 km east of Burgos in northern Spain. Earlier in the rwen­
tieth century, cavers discovered a small chamber deep within 
a long cave system, which was packed with the remains of 
Pleistocene cave bears. This chamber became known as the 
Sima de los Huesos (Pit of the Bones), and cavers quarried it 
to extract the beautifully fossilized cave-bear teeth. It was in 
one of their dumps that a paleontologist discovered fossil hu­
man bones in 1976. Spanish workers then began an ambi­
tious program of excavations at a number of sites in the Ata­
puerca region, which have produced a wealth of information 
about Spanish Middle Pleistocene faunas and environments. 
These sites, mainly fissure fillings or cave chambers now 
opened by erosion, span various periods as far back as the 
Brunhes-Matuyama boundary (780 Ka) and contain arti­
facts (including handaxes and cleavers) on flint or quartzite, 
as well as remains of large and small mammals and other 
small vertebrates. 

The Sima de los Huesos itself has produced a remark­
able collection of more than 1,300 fossil human bones and 
teeth, representing the jumbled remains of at least 25 indi­
viduals. Taphonomic conclusions vary, but it seems likely 
that the hominids died elsewhere and their bones worked 
down to the sima, falling or sliding in mud flows through 
now sealed passages. There is no evidence that any of the 
early humans lived in the remote darkness of the pit, since 
there are no signs of ancient fires or artifacts alongside the 
bones. They may have died in an ancient disaster or epi­
demic, or their bodies were perhaps left elsewhere in the cave 
by animals or other humans. The remains come from adults 
and children, with a preponderance of adolescents or young 
adults, and will provide an unprecedentedly detailed picture 
of the whole skeleton of these ancient Europeans. Already 
we know that they had brains within the Neanderthal and 
modern range, but on average they were perhaps not as large 
bodied or large toothed as some other archaic humans, even 
including many Neanderthals who came after them. 
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Lateral view of Cranium 5 from Atapuerca, Spain. Courtesy of J L. 
Arsuaga; photo by J Trueba. 

As of the late 1990s, postcranial material was mainly still 
undescribed, but it shows clear resemblances to Neanderthals 
in features such as the morphology of the pubic ramus and 
distal phalanges. The cranial material includes a small adult 
(female?) with an endocranial volume of 1,125 ml and a face 
showing evident resemblances to Petralona (Greece) and 
Arago 21 (France). However, the midfacial region shows 
much more pronounced projection, like that of Neanderthals. 
A large facial fragment, in contrast, shows a flatter face with a 
moderate canine fossa. Other cranial material includes a 
much larger, and especially broad, vault, with an endocranial 
volume of 1,390 ml. At least one immature Atapuerca tempo­
ral bone resembles Neanderthal examples, but older speci­
mens show larger mastoid processes and relatively small juxta­
mastoid eminences. However, all the preserved midoccipital 
regions foreshadow those of Neanderthals in displaying an in­
cipient suprainiac fossa. The cranial profile viewed from be­
hind lacks the spherical shape of late Neanderthals and more 
closely resembles that of specimens like Petralona, Swans­
combe (England), and Ehringsdorf (Germany). The Ata­
puerca mandibles show features of both Neanderthals and 
earlier European specimens, such as Mauer (Germany), 
Arago, and Montmaurin (France), and the teeth are compara­
ble to the smaller sample from Pontnewydd (Wales). 

Classification of the Atapuerca material is difficult un­
less we take a wide view of the application of the species 
names Homo neanderthalensis or Homo sapiens. The lack of 
the typical cranial superstructures and robusticity found in 
Homo erectus certainly precludes assignment to that taxon, 
and the Atapuerca material as a whole seems to show more 
Neanderthal features than the early European fossils often 
assigned to Homo heidelbergensis (e.g., Mauer, Arago, Pe­
tralona, Bilzingsleben [Germany]). C.B. Stringer prefers to 
give priority to the presence of Neanderthal-derived features 
and to recognize the Atapuerca material as a primitive form 
of H neanderthalensis, but the status of H heidelbergensis as 
a separate species may need reassessment as the growing sam­
ple of hominids from the Sima de los Huesos is described. As 
of the late 1990s, the age of the hominid sample had not 
been established definitively, but a late Middle Pleistocene 
age seems probable. The relevance of a published uranium-

series date older than 300 Kyr on a speleothem overlying the 
hominids is doubtful, as the dated material appears to have 
been redeposited. 

Another Atapuerca site, Gran Dolina, has produced sev­
eral fragmentaty cranial, dental, and postcranial hominid fos­
sils since 1994. This site includes 18 m of section exposed by 
an old railway trench. Discovery of a geomagnetic polarity re­
versal within this part of the sequence suggests that the mater­
ial from the TD6, or Aurora, horizon may date to the Late 
Matuyama Chron (end of the Early Pleistocene, ca. 0.8 Ma) 
and represent the oldest known European population. This 
material has been named Homo antecessor by Bermudez de 
Castro and colleagues in 1997. Associated artifacts are of 
Mode 1 technology made on quartzite, limestone, and flint. 
An even older horizon, TD4, yields similar artifacts and fauna. 

See also Arago; Archaic Homo sapiens; Bilzingsleben; Early 
Paleolithic; Europe; Homo antecessor; Homo heidelbergen­
sis; Homo sapiens; Mauer; Montmaurin; Neanderthals; Pe­
tralona; Pontnewydd; Swanscombe; Vertesszollos. [CB.5., 
].J.S.] 
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Atelidae 
Family of New World platyrrhine monkeys including the 
subfamilies Atelinae and Pitheciinae and their fossil relatives. 
The atelid common ancestor was typified by a derived masti­
catory system, including moderate-to-Iarge fourth cusps on 
the first and second upper molars, a posteriorly enlarged 
mandible, robust bony attachments on the zygomatic and 
pterygoid bones, and a deep temporomandibular joint sur­
face where the mandible articulates with the skull. This pat­
tern implies powerful chewing and a specialized use of the 



pterygoid and masseter muscles, which are often well devel­
oped in mammalian herbivores. Apart from these traits, 
atelids are highly varied morphologically, a reflection of the 
divergent ecological adaptations of the two descendant sub­
families. The term Atelidaewas reintroduced by A.L. Rosen­
berger to promote a taxonomically and conceptually bal­
anced classification of the ateloids. It is meant to represent 
the unique common origins of the pitheciine and ateline 
branches of the radiation and alleviate the adaptively diffuse 
and genealogically heterogeneous composition of the tradi­
tional cornerstone taxon of the platyrrhines, the Cebidae. 
The hypothesis of atelid monophyly is supported by com­
plementary morphological and molecular evidence. 

See also Atelinae; Ateloidea; Cebidae; Pitheciinae. [A.L.R.) 
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Atelinae 
Subfamily of atelid platyrrhine monkeys including the tribes 
Alouattini and Atelini (see classification below). Physically 
the largest platyrrhines, atelines are noteworthy for their pre­
hensile tails and suspensory positional behaviors, which 
many regard as apelike. During feeding, they may hang by 
forelimb, hindlimb, and/or tail, and the more acrobatic spi­
der (Ateles) and woolly spider (Brachyteles) monkeys can 
move swiftly through the forest canopy in a bimanual fash­
ion analogous to brachiation. Howler (Alouatta) and woolly 
(Lagothrix) monkeys tend to move more cautiously, quadru­
pedally. The anatomical complex underlying the prehensile 
tail includes a specialized gripping pad near its tip and an en­
largement of the areas of the brain that control tail function. 
These unique ateline attributes do not occur in the capuchin 
monkeys (Cebus) and the squirrel monkeys (Saimiri), which 
have evolved semiprehensile tails in parallel. Atelines are fru­
givore-folivores with a spectrum of dietary habits, ranging 
from Alouatta, the most highly folivorous of the platyr­
rhines, to Ateles, one of the most exclusive ripe-fruit special­
ists among the primates. Brachyteles is the largest, and one of 
the most interesting, of the living New World monkeys. Al­
though it is most closely related to Ateles, Brachyteles con­
verges upon howlers in its dentition and reliance upon a leafY 
diet. In their skeleton and social organization, however, 
woolly monkeys resemble spiders. They are a monotypic 
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Classification and interrelationships of ateline platyrrhine monkeys. Courtesy of Alfred L. Rosenberger. 
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form restricted to the southern portions of the Atlantic 
coastal forest of Brazil. This area has been severely disturbed 
by human population growth and industrialization during 
the twentieth century. Consequently, the woolly spider 
monkey, which has become the conservation symbol for all 
of Brazil, survives in small numbers in a handful of remnant 
forests. It is one of the most severely threatened of all 
Neotropical mammals. 

Atelines are first represented in the fossil record by two 
species of Stirtonia of the La Venta Middle Miocene (14-12 
Ma), an Alouatta-like form that may be more properly classi­
fied in the same genus as the howler. There is an intriguing 
group of Late Pleistocene (sub)fossils whose scope is just be­
coming clear. Protopithecus from eastern Brazil has an Alouatta­
like skull but atelin postcranium; its contemporary Caiporaap­
pears more typically Ateles-like in skull and skeleton; both 
forms are now known to have been nearly twice as large as the 
largest living genus. In the Caribbean, the Cuban Paralouatta 
also has an alouattin skull but distinctive dentition. 

Atelinae 
Alouattini 

Alouatta 
t Stirtonia 
tCaipora 

?t Paralouatta 
Atelini 

textinct 

Ateles 
Brachyteles 
Lagothrix 

t Protopithecus 

See also Americas; Atelidae; Ateloidea; Cebinae; Diet; Loco­
motion; Tail; Teeth. [A.L.R.] 
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Ateloidea 
Primates of South and Central America, including Cebidae 
and Atelidae; also known as the New World monkeys, or 
platyrrhines, in reference to their pug-nosed faces. They were 
previously termed Ceboidea, but taxonomic priority de­
mands that the earlier name based on Ateles be substituted. 
Among the anatomical features that distinguish them from 
the living (but not all of the Oligocene) catarrhines are: gen­
erally smaller size; 2.1.3.3 dental formula (except in derived 
callitrichines with 2.1.3.2); eye-socket wall completed by su-

tural contact of the zygomatic with the parietal bone of the 
braincase; and eardrum supported by a ring-shaped ectotym­
panic bone fused to the skull. The diversified, strictly arbo­
real ateloid radiation is represented by some 60 living species 
but by fewer than 20 fossil genera. Although termed mon­
keys, ateloids tend to resemble living apes and their ancestors 
anatomically, rather than the cercopithecoid monkeys of the 
Old World. 

See also Americas; Atelidae; Atelinae; Callitrichinae; Ce­
bidae; Cebinae; Monkey; Pitheciinae, Platyrrhini. [A.L.R.] 
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Aterian 
Late Pleistocene industry of North Africa, named after the 
type site of Bir el Ater (Algeria) and dated from as early as 
ca. 100 Ka on stratigraphic grounds to at least 30 Ka, with 
some radiocarbon ages as late as 21 Ka. Concentrated in the 
coastal regions from Mediterranean Morocco to Tunisia but 
extending over much of the Sahara and as far east as the 
western desert of Egypt, the industry is characterized by 
Levallois technology, discoidal and tortoise cores, flake 
scrapers with and without tangs, and small tanged bifacial 
(Aterian) points. Associated human remains at such sites 
as Dar-es-Soltane (Morocco) are primarily of Mechtoid 
anatomically modern type. In western and central North 
Africa, the Aterian succeeds a more generalized Levalloiso­
Mousterian industry with small cordiform handaxes. Blades 
and blade tools appear in later Aterian sites, in a possible 
parallel to the development of the Dabban industry in 
Cyrenaican Libya. 

The maximum extent of the Aterian industry appears 
to have occurred during a wetter interval corresponding to 
the early phases of the Weichsel glaciation of higher lati­
tudes. Associated faunal remains indicate that both sub­
Saharan and Mediterranean faunas extended at the time into 
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Typical Aterian points (note tang at base) from Bir el Ater (Algeria, left) 
andAdrar Bous (Niger). From Phillipson, 1993, with permission of 
Cambridge University Press. 

present-day desert areas. By 30 Ka, a period of increasing 
desiccation in the Sahara led to the abandonment of most 
Aterian sites. 

See also Africa, North; Dabban; Dar-es-Soltane; Haua Fteah; 
Ibero-Maurusian; Late Paleolithic; Levallois; Middle Stone 
age; Mousterian; Prepared-Core; Sea-Level Change; Stone­
Tool Making. [A.s.B.] 

Further Readings 
Kleindienst, M.R. (1994) What is the Aterian? The view 

from Dakhleh Oasis and the Western Desert, Egypt. In 
Marlow, (ed.): Proceedings of the First DakIeh Oasis 
Project Seminar. Oxford: Oxbow Press. 

Athlitian 
Old name for a Late Paleolithic (Neuville Stage V) industry 
of the Levant, defined at Mugharet el-Wad (Mount Carmel) 
in Israel and characterized by polyhedric burins on tabular 
flint, steep and carinate scrapers, lamelles Dufour, and nu­
merous backed points of Chatelperronian/Audi type. Re­
touch is much finer than in the preceding Aurignacian in­
dustry. Attribution of these industries to a later stage has 
been complicated by the small-backed points (Ahmarian) 
now known from very early contexts in the Levant, before 
the Levantine Aurignacian. Thus, materials once designated 
Athlitian may now be variously attributed to the Ahmarian, 
Levantine Aurignacian, or early Kebaran stages. 

See also Ahmarian; Aurignacian; Blade; Burin; Chatelperron­
ian; Kebaran; Late Paleolithic; Levantine Aurignacian; 
Scraper; Stone-Tool Making. [A.S.B.] 

AUR1GNACIAN 

Aurignac 
Late Pleistocene cave in the Pyrenees (Haute Garonne) re­
gion of southwestern France; type site of Aurignacian indus­
try. E. Lartds excavation of this site in 1860 formed the ba­
sis for his landmark 1861 paper establishing the coexistence 
of humans and extinct Late Pleistocene mammals ("I' Age du 
Grand Ours des Cavernes"), although the human skeletal 
material later proved to be modern and intrusive. 

See also Aurignacian; Lartet, Edouard; Upper Paleolithic. 
[A.S.B.] 

Aurignacian 

Early Upper Paleolithic industrial complex, dating to ca. 
40-29 Ka, and extending over much of Europe although rare 
or absent in Russia, Greece, peninsular Italy, and western 
Iberia. A comparable industry often termed Aurignacian oc­
curs in the Levant at many sites, such as Ksar 'Akil (Lebanon), 
Jabrud (Syria), Hayonim (Israel), and Mount Carmel (Israel). 
A few early Upper Paleolithic assemblages of Aurignacian 
type are found in Britain (e.g., Kent's Cavern and EfYnnon 
Beuno). The Aurignacian is the oldest Upper Paleolithic in­
dustry of Europe definitely associated with modern humans. 

The Aurignacian is clearly distinguished from Middle 
Paleolithic industries by a strong emphasis on blade technol­
ogy and on bone and antler working. This distinction, to­
gether with the large geographical area in which the Aurigna­
cian is found, has been used to argue for an invasion of 
Europe at this time by modern humans with an advanced 
culture and technology. In the early stages, blades are often 
large and irregular and bear heavy invasive marginal retouch 
on both sides. Lamellar removals are used to create carinate 
and nose-ended scrapers on thick flakes or chunks, as well as 
thick-edged carinate and bus ked burins or gouges, although 
the latter are rare in eastern Europe. Bladelets with semi­
abrupt inverse-obverse retouch on one or both edges (Dufour 
bladelets) or narrow-pointed blades and bladelets with semi­
abrupt to abrupt retouch on both edges (Font-Yves/Krems 
Points) are associated with certain Aurignacian industries. 

Named after the type site of Aurignac in the Haute 
Garonne (France), the Aurignacian as defined by French pa­
leontologist E. Lattet and English prehistorian H. Christy, as 
well as by French archaeologist H. Breuil, originally included 
all early Upper Paleolithic industries ("first epoch of the rein­
deer age") and was extended to encompass initial blade in­
dustries from as far away as Kenya. In 1933, French school­
teacher D. Peyrony separated the Aurignacian sensu stricto, or 
Breuil's "middle" Aurignacian, with bone points and lamellar 
retouch on thick blanks, from early Upper Paleolithic indus­
tries with backing or abrupt retouch (Breuil's "lower" and 
"upper" Aurignacian), which he termed Perigordian. These 
two complexes, each with five successive phases, were inter­
preted as expressions of two distinct ethnic groups, or 
"phyla," who coexisted with little admixture over a period of 
ca. 15 Kyr. On the basis of four levels at La Ferrassie 
(France), Peyrony distinguished four successive Aurignacian 
phases and added a fifth phase on the basis of a single assem­
blage from Laugerie Haute (France). The four stages were 
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Aurignacian artifocts: (a) split-base bone point (Early Aurignacian); (b) biconical bone point (Evolved Aurignacian); (c) Krems point (Eastern 
Aurignacian); (d) Font-Yves point (fall stages); (e) busked burin (Intermediate to Evolved Aurignacian); (f) nose-ended scraper (all stages, but 
especially Intermediate); (g) perforator on heavily retouched blade (Basal to Early Aurignacian); (h) end-scraper on 'strangled" blade (Basal to Early 
Aurignacian); (i) double burin {intermediate to Evolved Aurignacian}; O} carinate scraper (all stages). 

distinguished by changes in bone-point manufacture as fol­
lows: Aurignacian I, split-base bone points, heavily re­
touched blades (La Ferrassie F); Aurignacian II, lozenge 
points with flattened section, diminished marginal retouch, 
abundant nose-ended scrapers and busked burins (La Fer­
rassie H); Aurignacian III, lozenge points with oval section, 
fewer busked burins and nose-ended scrapers (La Ferrassie 
H'; and Aurignacian IV, biconical points, burins on re­
touched truncations and a few pieces with heavy marginal or 
lamellar retouch (La Ferrassie H"). 

The Aurignacian V, stratified above the Perigordian III 
(now VI) at Laugerie Haute and known from few other sites, 
is much later (ca. 20 Ka) and is characterized by thick, den­
ticulate carinate scrapers, created by broader removals than 
in Stages I-IV, and biconical bone points. The relationship 
between this stage and the other four is poorly understood 
and probably does not reflect cultural or ethnic continuity. 

In some French sites, split-base bone points and mar­
ginal retouch, both possibly indicative of a simpler technol­
ogy, may be associated with earlier Aurignacian horizons, 
while busked burins and nose-ended scrapers are more nu­
merous in later assemblages. In general, however, the details 
of Peyrony's Aurignacian scheme have not been widely sup­
ported by evidence from most sites. In particular, each stage 
is, in reality, highly variable from site to site, with no exact 
counterparts to the Aurignacian III and IV at any site, apart 
from a generalized "evolved" Aurignacian. The overall syn­
chrony of Aurignacian and Perigordian traditions is also dis­
puted and has been generally replaced by a separation of the 
Perigord ian into the Chatelperronian (which overlaps with 
Early Aurignacian and is associated with Neanderthal re­
mains) and the Perigoridian or Gravettian (which separates 
Aurignacian O-IV from V). 

Aurignacian sites are associated initially with evidence 
of very cold, dry conditions and are dominated by re­
mains of large, cold-adapted herd animals, such as reindeer, 
mammoth, woolly rhinoceros, steppe horse, and bison. Fig­
urative carvings, especially in ivory and including a male fig­
ure as well as a range of animals, are known from several 
very early German sites (e.g., Geissenklosterle, Vogelherd, 
Hohlenstein-Stadel). In 1995, the oldest figurative paintings 
in newly discovered Chauvet Cave in eastern France were di­
rectly dated to ca. 31 Ka, within the Aurignacian time range. 
In addition, a funerary complex at Cueva Morin (Spain), 
plaques with punctations interpreted by A. Marshack as cal­
endars, an abundance of perforated objects, musical instru­
ments (Israllosko, Isturitz), and widespread evidence of 
long-distance trade in stone, ivory, and fossil and marine 
shells attest to the social and cognitive complexity of Auri­
gnacian adaptations to a much greater extent than in either 
the Mousterian or the Chatelperronian. Burials at Grimaldi 
and Cavillon on the Italian Riviera are robust but fully mod­
ern in physical type, comparable to the five individuals from 
Cro-Magnon (Les Eyzies), who are thought to be associated 
with Aurignacian industries. Other Aurignacian human re­
mains from eastern Europe (e.g., Mladec, Vindija) may pre­
serve more archaic traits. 

See alsoAbri Pataud; Antelian; Athlitian; Aurignac; Bacho Kiro; 
Chatelperronian; Chauvet Cave; Cro-Magnon; Cueva Morin; 
Europe; Gravettian; Grimaldi; Hayonim; Homo sapiens; Isral­
losko; Jabrud; Jewelry; Ksar 'Akil; Kent's Cavern; La Ferrassie; 
Late Paleolithic; Laugerie Sites; Middle Paleolithic; Mladec; 
Mousterian; Musical Instruments; Paleolithic Calendar; Paleo­
lithic Image; Paleolithic Lifeways; Perigordian; Skhiil; Stone­
Tool Making; Szeletian; TaMn; Upper Paleolithic. [A.s.B.] 
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Australia 
Island-continent of ca. 8 million km2, with a history of hu­
man settlement stretching back some 60 Kyr. Recent studies 
have provided considerable insight into the prehistory of the 
Australian Aborigines, but many aspects of their past remain 
unknown. When they first arrived, how they came, where 
they came from, or why they left their original homes are 
questions that remain at the heart of investigations of Aus­
tralian prehistory and paleoanthropology. 

The continent of Australia, together with the islands of 
New Guinea and Tasmania, once constituted the landmass 
of Greater Australia. This is an important relationship, 
which emphasizes that for most of human prehistory these 
landmasses were united as a single larger continent. Greater 
Australia, part of the region called Sahu!, has always been 
separate from the main landmass of Southeast Asia and most 
of Indonesia, an area known as Sundaland. Between the two 
areas is a collection of smaller islands known as Wallacea, so 
named to honor the great British biologist A.R. Wallace, 
who in 1860 was the first to recognize the area as a faunal 
boundary zone between the two larger landmasses. 

The independent histories of the Sunda and Sahul 
landmasses have been a key element in determining the 
uniqueness of the fauna, particularly the mammals, of the 
present islands of New Guinea and Tasmania, as well as Aus-
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tralia. The water barrier between Sunda and Sahul enabled 
the marsupial mammals of Sahul to evolve largely indepen­
dently of the placental forms of the Asian mainland. The sea 
also served to keep humans from reaching Greater Australia 
for more than 1.5 Myr after their presence can first be iden­
tified in areas of Southeast Asia. 

Earliest Inhabitants 
The occupation of Greater Australia is a relatively recent event 
in the human past. Paleogeographic data suggest that the ini­
tial migration to the region took place during a period when 
sea levels were much lower than they are today. Archaeological 
and skeletal evidence may indicate human presence before 60 
Ka, although the evidence is scanty, restricted to the north, 
and very controversial. The earliest site is Malakunanja in 
western Arnhem Land, where polished peices of red ocher are 
dated by thermoluminescence (TL) to �6�0�~� 50 Ka. As this site 
was 1,000 km from the northern coast of Greater Australia at 
the time, it is reasonable to see the initial colonization of the 
continent as having taken place some time before 60 Ka. Other 
early discoveries include sites on the Huon Peninsula of Papua 
New Guinea containing waisted blades, large flaked-stone im­
plements of unknown function. Occupation of the entire con­
tinent, including the arid core, was established before 35 Ka, 
based on excavations of Puritjarra in Central Australia. 

TL dating published in late 1996 of the lower levels of 
the Jinmium site in the western Northern Territory suggest 
initial occupation there as early as 175 Ka. While there may be 
bedrock contamination associated with these samples, pres­
ence of people at the site at 120 Ka is more probable but has 
been strongly questioned. A date of 75 Ka for ocher staining 
and a fallen piece of engraved wall surface indicates very early 
painted and engraved wall art in the region, extending back in 
time the known ocher pieces from Arnhem Land. 

The arrival of human colonists in the Greater Aus­
tralian region represents the earliest evidence of sea travel. 
Given the shallow seas of Southeast Asia, where a land area 
the size of modern Europe was exposed at extreme low sea 
levels, many islands were enlarged, fused, or appeared inter­
mittently over at least the last 100 Kyr. It is generally agreed 
that this highly dynamic paleogeography, the often dramatic 
impact of volcanic activity in the area, and the many social 
reasons for migration all came together to produce the east­
ward maritime movement that resulted in the settlement of 
Sahulland. While no early remains are known, it is likely that 
rafts, possibly of bamboo and perhaps with simple sails, were 
the vehicles involved. After reaching the Sahul continent by 
60 Ka, further eastward movements brought people to New 
Ireland (and probably the Solomon Islands) by 30 Ka and to 
Manus Island in the Admiralty Group before 15 Ka. The 
Manus settlement represents the extreme example of human 
maritime traveling in the Pleistocene epoch. 

Among the most important of all early occupation sites 
in Australia are those at Lake Mungo, located in the western 
part of the state of New South Wales in the southeastern part 
of the continent. Lake Mungo is part of the Willandra Lakes 
region, a series of interconnected lake basins that have been 
dry for at least the last 15 Kyr. Prior to this, they were fresh-
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water lakes. The sites at Lake Mungo appear during erosion 
of the lake's lunette, a crescent-shaped dune formed on the 
shore of the lake when it was full. Early sites have been dated 
at between 45 and 9 Ka. 

Lake Mungo had yielded the oldest human skeletal re­
mains yet found in Australia. One individual, known as Lake 
Mungo 1, is a slender young adult female estimated by ra­
diocarbon dating to be more than 30 Kyr old. The individual 
had been ritually cremated, and the remains were heavily 
fragmented when discovered. This is the earliest evidence of 
human cremation yet found anywhere in the world. 

Nearby, another burial site was discovered, containing 
the remains of an adult male dated at ca. 35 Ka. The body of 
this individual, known as Lake Mungo 3, was placed in a shal­
low grave lying on his back with his hands folded together. 
Once placed in his grave, he was covered with powdered red 
ocher. The cremation of Mungo 1 and the postmortem red­
ocher adornment of Mungo 3 illustrate the occurrence of 
complex ritual burials in Australia by at least 35 Ka. 

These individuals from Lake Mungo, along with some 
others, such as the complete cranium ftom Keilor in Victoria 
(dated to before 13 Ka), show cranial features that have been 
described as very gracile or modern. For example, these fossil 
specimens are generally lightly built, with thin vault bones, 
well-rounded foreheads, weak or moderate browridge for­
mation, and relatively small palates, mandibles, and teeth. 
Fossil Australian skeletons that show these characteristics 
have often been categorized together as representing a gracile 
type of Australian ancestor. 

Standing in contrast to the gracile Lake Mungo speci­
mens are a group of individuals whose skeletal remains are 
much more robust. These fossils are typified by remains ftom 
the shores of Kow Swamp in the northern part of the state of 
Victoria. Fossil remains of more than 40 individuals, includ­
ing infants, juveniles, and adults, have been found at the site. 
These have been dated to between 14 and 5 Ka, making them 
appreciably younger than the remains from Lake Mungo. Al­
though found at a different time, the cranium from Cohuna, 
near the northwestern edge of Know Swamp, is considered 
part of the Kow Swamp population and is of similar age. 

The Kow Swamp population, best exemplified by the 
near intact crania of Kow Swamp (KS) 1 and KS 5 and the 
Cohuna cranium, exhibit characteristics that contrast 
sharply with the gracile specimens from Lake Mungo or 
Keilor. The robust Kow Swamp specimens are characterized 
by thicker bone; large, wide, often projecting faces; promi­
nent browridges; flat, sloping foreheads; and large palates, 
mandibles, and teeth. Specimens exhibiting this morphol­
ogy are frequently said to be archaic in appearance. Often as­
signed to this gtoUp on the basis of these robust cranial fea­
tures are remains from nearby Lake Nitchie and Mossgiel 
(both earlier than 7 Ka), Cossack (ca. 6.5 Ka), and the heav­
ily fragmented Talgai cranium from southeast Queensland 
(ca. 12 Ka). Crania from a large but undated sample from 
Coobool Creek in southern New South Wales also exhibit a 
number of these robust traits. 

Analysis of rock and portable art motifs, particularly 
that of the Rainbow Serpent that is essential to much of 
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north Australian Aboriginal religous belief even today, indi­
cates that this element can be traced back at least 6 Kyr. This 
serpent is a symbol of unity, as well as of creation and de­
struction. Many features of the landscape are ascribed to the 
movement and behavior of the Dreamtime Rainbow Ser­
pent. While it can be seen as the earliest known peace sym­
bol, it makes clear that Aboriginal religion is demonstrably 
older than any other religious or philosophic tradition. 

Theories on the Peopling of Australia 
Who were the first inhabitants of Greater Australia, the an­
cestors of the modern Aborigines? While many theories have 
been offered to answer this question, they fall into two basic 
groups: (1) Aboriginal origins are the result of two or more 
migrations to Australia of people with different physical fea­
tutes; and (2) the present population is descended largely 
from a single migration. 

One of the multiple-source theories, based entirely 
upon aspects of contemporary morphological variation, has 
suggested that three waves of ancestors arrived in Australia. 
This explanation, advanced by American anthropologistJ.B. 
Birdsell, is known as the tri-hybrid theory. Birdsell theorized 
that a wave of Oceanic Negritos came to Australia first, fol­
lowed by migrations of a group referred to as the Murrayians 
(the dominant group, possibly related to the Ainu people 
from northern Japan), and finally by a group known as the 
Carpentarians (whose geographic origins may be in India). 
The interbreeding of these three groups, according to this 
theory, has produced the extensive variability found among 
modern-day Aborigines. 

A second multiorigin theory, the dual-source hypothesis, 
has received considerable attention in recent years. This ex­
planation, proposed by A. Thorne, is based upon the com­
parison of fossil hominid material from Asia with that of 
Australia. This theory holds that the extreme disparities 
found between the gracile and the robust groups of ancient 
Australians are too great to indicate a single ancestral lineage. 
The differences are deemed to be inherited from separate 
parental populations. Proponents of this view suggest that 
the robust crania bear great similarities to fossil hominids 
from the island of Java (such as the Sangiran or Ngandong 
fossils), while the gracile individuals show many resem­
blances to material from ancient China (such as those from 
Liujiang or the Upper Cave at Zhoukoudian). Accordingly, 
it is suggested that the ancestors of the more robust Aus­
tralians came from island Indonesia. The gracile and the ro­
bust groups eventually interbred, resulting in the variations 
found among modern Australian Aborigines. 

The single-source theory, also known as the homogene­
ity hypothesis, disagrees with the rigid categorization of Aus­
tralian fossil humans into discrete groups labeled gracile or 
robust. It was proposed around midcentury by the Aus­
tralian anatomist A. Abbie. Adherents argue that the gracile 
and the robust fossils represent morphological extremes of a 
highly variable population rather than evidence of two com­
pletely separate lineages. This theory suggests that the mod­
ern-day variability among Aborigines is due to both genetic 
and cultural influences having acted on a small, founding 
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Examples of some early Australians: (a) the Keilor cranium; (b) Cohuna cranium, part of the Kow Swamp population; (c-d) an adult from Kow 
Swamp (KS 5); (e) a juvenile from Kow Swamp (KS 6); and (fJ one of the Coobool Creek population. Keilor has often been described as an example of 
the ''gracile'' Australian population, while the others have been spoken of as representative of the "robust" type. Courtesy of Jeffrey T. Laitman. 

population. This population came from a single homeland 
and gradually spread out to colonize the continent. 

Both groups of theorists admit the general development 
of local adaptations to changing environments in Australia 
over the more than 50 Ka of occupation. Human remains 
from King Island in Bass Strait between Australia and Tas-

mania, dated to 14 Ka, suggest that southern Late Pleis­
tocene populations were making high-latitude physical 
changes to adapt to extreme Australian environments. 

While constrasting theories will undoubtedly remain 
for some time, recent finds are helping to clarifY some 
potential relationships. For example, a fully opalized cal-
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Evidence of early Australian presence and behavior is widespread: (aj Ayers Rock in central Australia, an area colonized by 35 Ka; (b) engraved foce at 
Cleland Hills, northwest of Ayres Rock. Rock art in this area has been dated to ca. 30 Ka; (,) Quinkan Figures painted in caves in Cape York in 
northern Queensland. Painted art in this area is dated to before 20 Ka; (dj a waisted blade from the Huon Peninsula, Papua New Guinea. This 
artifact is dated to 40 Ka; (ej lOas, small "signposts" made by the Dieri people of South Australia to indicate travel directions. Much of Australian art 
is ephemeral; if) aerial view of the dry bed of Lake Mungo in western New South Wales, with the sand lunette in foreground. Human remains older 
than 35 Ka have been found here. Courtesy of Alan Thorne. 

varia discovered from a site near Lake Mungo in the Wil­
Iandra Lakes (WLH 50) shows features that are extremely 
robust, more so than any previously discovered Australian 
skeleton. This specimen shows many similarities to some 
of the Ngandong material from Central Java that is 
thought to data to ca. 200 Ka. While WLH 50 had not 
been dated as of the late 1990s, estimates of its age suggest 

it is older than 30 Kyr. If this proves to be [he case, this ro­
bust human may tell us what the earliest Australians were 
like and provide a direct link with the earlier Indonesian 
materials. 

See also Archaeology; Asia, Eastern and Southern; Birdsell, 
Joseph B.; China; Homo sapiens; Keilor; Kow Swamp; Lake 
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Mungo; Modern Human Origins; Ngandong (Solo); Sangi­
ran Dome; Talgai; Zhoukoudian. O.T.L., A.T.] 
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Australopithecus 
Genus name many paleoanthropologists use in reference to 
Pliocene and Early Pleistocene hominid fossils from south­
ern and eastern Africa that are not considered to belong to 
the genus Homo. The name Australopithecus, literally "south­
ern ape," was coined by South African paleontologist R.A. 
Dart in 1925, when he described the juvenile hominid spec­
imen from the site of Taung (South Africa) as belonging to 
the taxon Australopithecus afticanus. In his analysis of the 
Taung skull, Dart perceived several distinctly hominin, or 
humanlike, features, such as the ventral position of its fora­
men magnum and its relatively small canines, together with 
several more primitive, or apelike, features, such as its small 
brain size and its relatively large snout. Dart recognized Aus­
tralopithecus as a primitive human forebear, whose small 
brain excluded it from being recognized as a member of the 
genus Homo, but whose hominin features excluded it from 
being considered an ape. In fact, Dart suggested that his new 
species be placed in a new intermediate family called 
"Homo-Simiadae" (Simia then being one of several generic 
names used for apes), but this idea was biologically unac­
ceptable as well as taxonomically incorrect: Any family name 
must be based on the valid and available name of a type 
genus, and of course no genus "Homo-Simia" existed. 

In 1936, South African paleontologist R. Broom recov­
ered Pliocene fossils from the site of Sterkfontein (South Africa) 
that he recognized as being similar to the Taung skull. He re­
ferred the Sterkfontein fossils to the genus Australopithecus, al­
beit to a separate species, A. transvaalensis. He later suggested 
that the Sterkfontein fossils might be attributable to a separate 
genus, for which he proposed the name Plesianthropus. In the 

late 1940s, hominin fossils from Makapansgat (South Africa) 
were described by Dart, who attributed them to the genus Aus­
tralopithecus, but to a separate species, A. prometheus. Most au­
thorities now recognize all of these fossils as belonging to a sin­
gle species, Australopithecus afticanus. Subsequent discoveries of 
hominin remains from Members 2 and 4 at Sterkfontein and 
Members 3 and 4 at Makapansgat have greatly increased the A. 
afticanus hypodigm. Hominin fossils discovered at the South 
African sites of Kromdraai and Swartkrans were attributed by 
Broom to the genus Paranthropusbecause they were considered 
to be distinct from the Taung and Sterkfontein specimens. 

In 1959, L.S.B. Leakey attributed a large-toothed, heav­
ily crested cranium from Bed I of Olduvai Gorge to a novel 
taxon, Zinjanthropus boisei. J.T. Robinson, however, recog­
nized its close affinities to South African Paranthropus, and 
proposed that the Olduvai cranium be attributed to P. boisei. 
Broom and Robinson maintained that Australopithecus and 
Paranthropus represented separate phyletic lines of evolution 
and that their generic separation was therefore fully justified. 

Subsequent studies, such as those by ry. Tobias, C. 
Loring Brace, and M. Wolpoff, viewed all of these early 
hominins as making up a single evolutionary grade of orga­
nization, characterized primarily by comparatively small 
brain size. These studies, which minimized the differences 
between Australopithecus (termed the gracile species) and 
Paranthropus (the "robust" forms), influenced opinion such 
that most students and almost all textbooks of human evolu­
tion have come to regard Paranthropus as a junior synonym 
of Australopithecus. 

Despite the overwhelming influence that this "grade" 
paradigm has had upon anthropologists, a strong body of ev­
idence has accumulated indicating that specimens of Paran­
thropuspossess a host of derived specializations that probably 
reflect significant evolutionary (i.e., functional and ecologi­
cal) differences between them and other early hominin taxa. 
Most, but not all, of these specializations pertain to trophic 
(i.e., dietary) features, and they attest to the close evolution­
ary relationships among the different "robust" species. It is 
abundantly apparent that the species of Paranthropus form 
an independent phyletic clade of human evolution. 

The grade view that African Plio-Pleistocene hominin 
fossils that are not attributable to the genus Homo are refer­
able to the genus Australopithecus has had significant conse­
quences, including the attribution of the Hadar (Ethiopia) 
and Laetoli (Tanzania) fossils by D.C. Johanson, T.D. 
White, and Y. Coppens to Australopithecus aforensis. Simi­
larly, White, G. Suwa, and B. Asfaw originally attributed still 
earlier fossils from the Aramis region of the Middle Awash 
Valley to the taxon Australopithecus ramidus, and M.G. 
Leakey and her colleagues have attributed early hominin re­
mains from the Kenyan sites of Allia Bay and Kanapoi to 
Australopithecus anamensis. 

Even with the recognition of Paranthropus as a distinct 
genus, it is likely that Australopithecus, which comprises three 
(or four) currently (1999) recognized species-A. aforensis, A. 
afticanus, A. anamensis, and perhaps A. bahrelghazali----is pa­
raphyletic. The problem of paraphyly is exacerbated when the 
three generally recognized species of Paranthropus-P. robus-



Lateral and facial views of (from top to bottom): Paranthropus boisei, P. 
robustus, Australopithecus african liS, and A. afarensis. 

tus, P. boisei, and P. �a�e�t�h�i�o�p�i�c�u�~�a�r�e� also considered by some 
researchers to be members of the genus Australopithecus. 

The belief that all Plio-Pleistocene hominins that are 
not attributable to the genus Homo should be referred to the 
genus Australopithecus has also had the effect that the prob­
lematic term "australopithecine" has become firmly en­
trenched in the paleo anthropological literature. This term is 
a direct vernacular transliteration of the taxonomic subfa­
milial rank Australopithecinae; its use, therefore, denotes an 
implicit recognition that Australopithecus should be afforded 
subfamilial separation ftom Homo, although few (if any) au­
thorities would still accept this level of distinction. Never­
theless, the term is unlikely to fall into disuse in the near fu­
ture. Suffice it to say that when "australopithecine" is used, it 
is almost always taken to connote Australopithecus (sensu 
lato). Here, the taxonomically neutral, equivalent term 
"australopith" will be used for non-Homo hominins. 

Thus, as of the late 1990s, there are three distinct 
species that are attributed to the genus Paranthropus: P. ro­
bustus, P. boisei, and P. aethiopicus. These are discussed in de­
tail under their separate species entries, and together under 
the entry for Paranthropus. There are four (or five) distinct 
species that are generally (although not universally) attrib­
uted to the genus Australopithecus: A. africanus, A. aforensis, 
A. anamensis, A. bahrelghazali, and A. ramidus, although the 
latter formally has been transferred to a separate genus, 
Ardipithecus. The four species that are generally attributed to 
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the genus Australopithecus, and their possible phylogenetic 
relationships with Homo and Paranthropus, are discussed 
below. 

Australopithecus 
The cranial, dental, and postcranial features that serve to dis­
tinguish the genus Australopithecus from other hominin gen­
era are difficult to enumerate because this is manifestly a pa­
raphyletic genus. Thus, any morphological traits that these 
four species possess in common do not necessarily represent 
shared derived characters (i.e., synapomorphies). Compared 
to Miocene and modern apes, the canines of Australopithecus 
are somewhat reduced, although not to the extent that is ex­

pressed in Homo and Paranthropus. The foramen magnum is 
positioned at the bitympanic line; the nasoalveolar clivus is 
separated from the floor of the nasal cavity by a distinct step; 
and the incisive fossa is rather large. The petro us portion of 
the temporal bone is oriented intermediately between the 
more sagittal position in modern apes and the more coronal 
position of Homo and Paranthropus. Dental development­
the calcification and eruption patterns of the permanent 
teeth-follows a primitive apelike pattern, compared to the 
precocious development of the incisors and canines in Homo 
and Paranthropus. 

A. africanus 

This is the type species of the genus Australopithecus. The 
holotype derives from the site of Taung; the hypodigm of 
this species is composed of specimens from Members 2 and 
4 of the Sterkfontein Formation and from Members 3 and 4 
of the Makapansgat Formation (South Africa). Recently dis­
covered teeth from the South African site of Gladysvale have 
also been attributed to this taxon. 

This species is characterized principally by a more glob­
ular and less pneumatized cranium than other species of Aus­
tralopithecus; a calvaria that is hafted onto the facial skeleton 
at a high level (resulting in a high supraorbital height index); 
a deep mandibular fossa that is bounded anteriorly by a dis­
tinct articular eminence; a tympanic bone with a nearly ver­
tical anterior face; moderate separation of the lambda and 
the inion; a slight angulation of the petro us pyramid to the 
sagittal plane; a pyriform aperture whose lateral margins are 
variably rounded by the presence of anterior pillars; P 3S that 
are bicuspid or nearly fully bicuspid; dP 3 not molarized, with 
a mesial marginal ridge delineating an anterior fovea that 
opens lingually; and incisors and canines that are humanlike 
in their proportions to the sizes of the premolars and molars. 
In a number of these features, A. africanus appears to be 
more derived than the other three species of Australopithecus. 
Endocranial-capacity estimates for A. africanus are on the or­
der of 410-450 ml (with an average of ca. 440 ml), although 
one large cranium from Sterkfontein (Stw 50S) may have a 
capacity that exceeds 500 m!. These values tend to be larger 
than those for A. aforensis and slightly smaller than those for 
specimens of Homo and Paranthropus. 

A. africanus specimens from Sterkfontein and Makapans­
gat likely date to between ca. 3 and 2.5 Ma. Although the 
geochronological age of the Taung skull has long been a matter 
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of dispute, the most reliable faunal estimates place it at ca. 2 Ma 
at the very youngest and most likely between 2.8 and 2.3 Ma. 

Paleoenvironmental reconstructions for these South 
African sites suggest a predominance of wooded, closed con­
ditions. The dentition of A. africanus suggests that it had a 
herbivorous diet, likely consisting of fruits and foliage. Post­
cranial remains indicate a hominin that employed bipedal 
locomotion on the ground-although the mode of bipedal­
ity almost certainly differed from that practiced by modern 
humans-that was equally well adapted to climbing. For ex­
ample, the big toe is divergent and mobile; the finger bones 
are long and curved; and the shoulder girdle indicates en­
hanced mobility compared to modern humans. Estimates of 
body size suggest considerable size dimorphism between pre­
sumptive males and females, with an average of ca. 45 kg. 

A. afarensis 

The hypodigm of this species consists of specimens from the 
sites of Laetoli (Tanzania) and Hadar (Ethiopia), together 
with several referred specimens from the sites of Fejej, Maka, 
and Belohdelie (Ethiopia) and from the Tulu Bor Member 
(e.g., KNM-ER 2602) of the Koobi Fora Formation 
(Kenya). Fossils from the Usno Formation (Ethiopia) and 
Members Band C of the Shungura Formation (Ethiopia) 
also have been referred to this species, which appears to span 
the period between ca. 3.9 and 2.7 Ma. Two fragmentary 
mandibular corpora from the sites of Lothagam and Tabarin 
(Kenya) have been variously referred to this species, but their 
assignment to A. aforensis, A. anamensis, or A. ramidus re­
mained questionable into the late 1990s. In 1996, a 
mandible fragment from site KT 12 in the Bahr el Ghazal re­
gion of central Chad, originally referred to A. aforensis, was 
named a new species, A. bahrelghazali, on the basis of several 
dental features such as three-rooted P3• The distinction of 
this taxon is also unclear as yet. 

A. aforensis is characterized principally by its possession 
of a suite of primitive craniodental characters, including 
strong facial prognathism; a flat cranial base; a flat glenoid 
fossa without a distinct articular eminence; a postglenoid 
process that is situated anterior to the tympanic; a tubular 
tympanic; an anteriorly shallow (flat) palate; sharp lateral 
margins of the pyriform aperture; a convex nasoalveolar 
clivus that is demarcated from the floor of the nose by a hor­
izontal sill; maxillary lateral incisor roots that are lateral to 
the margins of the pyriform aperture; a strongly flared pari­
etal mastoid angle together with an asterionic notch, large 
maxillary central incisors compared with lateral incisors, rel­
atively large canines that wear primarily along the distal 
edge, and sectorial (unicuspid) to semisectorial (with small 
metaconid) mandibular P 3s. Endocranial-capacity estimates 
range between ca. 310 and 485 ml, with an average of ca. 
400-410 ml for four Hadar specimens. 

The postcranial skeleton of A. aforensis, together with the 
footprint trails at the site of Laetoli, indicate a hominin that 
was bipedal while on the ground, but whose mode of bipedal­
ity differed markedly from that employed by modern humans. 
In addition, a large number of discrete postcranial features in­
dicate a hominin that was well adapted to climbing in the 

trees. These features are found primarily on the foot and the 
hand bones and in the shoulder girdle. A. aforensis likely spent 
a considerable amount of time in the trees both sleeping and 
feeding. Analysis of the knee joints from Hadar suggests that 
the smaller (presumptive female) and the larger (presumptive 
male) individuals differed in a manner indicative of different 
degrees of arboreality, such as is encountered today among 
orangutans. Body-size estimates for A. aforensis indicate a 
strong degree of sexual dimorphism, approximating or even 
exceeding that exhibited by modern gorillas, with females hav­
ing a mass of ca. 30 kg and males a mass of ca. 65 kg. 

Paleoenvironmental reconstructions indicate a diversity 
of habitats from well-watered and wooded conditions along 
lake margins (such as at Hadar) to savannah (or even denser) 
woodland conditions (such as at Laetoli). This suggests that 
A. aforensis had a fairly broad range of locomotor abilities. 
Analyses of the teeth suggest that A. aforensiswas also a her­
bivore and that its diet likely consisted of fruits and foliage. 

A. anamensis 
This name has been applied by M.G. Leakey and her col­
leagues to East African hominin fossils that date between ca. 
4.2 and 3.9 Ma from the Kenyan sites of Allia Bay and 
Kanapoi. These specimens display a number of primitive fea­
tures, as well as several that appear to be unique. A. anamensis 
is characterized by a very small, elliptical external auditory 
meatus; a tubular tympanic bone that extends laterally only as 
far as the medial edge of the postglenoid process; mandibular 
corpora and tooth rows that are close together and nearly par­
allel; a marked postero-inferior slope to the mandibular sym­
physis, which extends back as far as the M

t
; upper molars in 

which the mesial part of the crown (i.e., the trigon) is bucco­
lingually much broader than the distal portion (i.e., the 
talon); and the least molarized dP

3 
of any Australopithecus 

species. As in A. aforensis, the mandibular fossa of A. anamen­
sis is very shallow, with a poorly developed articular process, 
but it appears to be more primitive in that the temporal bone 
is strongly pneumatized, with air cells extending into the 
squamous portion and into the root of the zygomatic arch. 

A tibia from Kanapoi indicates a hominin that walked 
bipedally while on the ground. It is larger than the largest 
known tibia of A. aforensis, and the body weight of its owner 
has been estimated to be between 47 and 55 kg. Other fea­
tures, such as the hamate from the Turkwel site, suggest the 
presence of large, strong flexor tendons of the hand, which 
would be consistent with a species that was like A. aforensis 
and A. africanus in its use of an arboreal milieu. A. anamen­
sis was a bipedal species that was capable of, and probably 
heavily engaged in, tree climbing. 

The paleoenvironments at Kanapoi and Allia Bay are 
consistent with the hypothesis that A. anamensis was a capa­
ble climber. There are fish and aquatic vertebrates associated 
with A. anamensis fossils at Kanapoi; there is also a consider­
able diversity of mammalian taxa. It is evident that at 
Kanapoi, A. anamensis occupied a woodland-bushland habi­
tat along the banks of a large river. The Allia Bay fauna also 
appears to be associated with a gallery forest that would have 
fringed the large proto-Omo River. 



A. ramidus 
This name was applied by TD. White and his colleagues in 
September 1994 to a collection of 17 hominin fossils from 
the Aramis region of Ethiopia. In May 1995, however, they 
made available the generic nomen Ardipithecus, noting that 
this species is likely the sister taxon of the hominin clade. 
This change was made in what was called a "corrigendum" to 
their original article, although it is difficult to give much cre­
dence to their explanation that this particular item did not 
appear in the original article because of an error. Indeed, it is 
clear from reports in the popular press at the time the original 
article was published that White believed that the attribution 
of the Aramis fossils to a novel genus was unwarranted. 

Rather, this particular corrigendum appears to have been 
motivated by the prospect that one of several other hominin 
paleontologists-some of whom were quoted in the popular 
press as considering that the Aramis fossils warranted sepa­
rate generic status-might make available another name. 

It is clear that the Aramis fossils are considerably more 
primitive in several features than specimens that have been 
attributed to Australopithecus aforensis, and probably to A. 
anamensis, and that these early Ethiopian fossils deserve sep­
arate generic rank. 

The Aramis fossils derive from sediments between the 
Ghla Vitric Tuff and the Daam Aatu Basaltic Tuff, both of 
which have been dated to ca. 4.4 Ma. The associated fauna 
includes many specimens of several primates, especially a 
possibly semi terrestrial colobine monkey; the other large­
mammal species and the presence of suids (members of the 
pig family), as well as paleobotanical remains, indicate that 
A. ramidus inhabited a woodland-forest environment. 

A. ramidus is characterized principally by a suite of 
primitive cranial and dental features. These include canines 
larger than in other Australopithecus species; premolars and 
molars that tend to be smaller than in other Australopithecus 
species; a shallow glenoid fossa that lacks a definable articu­
lar eminence; a narrow, elongate dP 3 that lacks a fovea ante­
rior; a tubular tympanic that extends to the lateral edge of 
the postglenoid tubercle; a weak entoglenoid process; molar 
teeth that are relatively narrow buccolingually; and perma­
nent tooth enamel that is both absolutely thin and relatively 
thinner than in any other early hominin species. 

Described postcranial elements are limited to those of 
the upper limb, although an as yet (1999) unpublished par­
tial skeleton was discovered at the end of 1994. The forelimb 
possesses several features that are reminiscent of those ex­
pressed in A. aforensis or modern great apes, such as a strong 
angulation of the distal end of the radius and a strong lateral 
trochlear ridge together with a large lateral epicondyle of the 
humerus. These and other features are generally associated 
with arboreal climbing capabilities. 

Other fossils from Ethiopia and especially Kenya that 
date to earlier than 4 Ma may be attributable to the same 
species as represented by the Aramis remains, or they may 
warrant inclusion in A. anamensis. In particular, the frag­
mentary mandibular corpus from Lothagam (Kenya) has 
been said to possess relatively thinner enamel than A. aforen­
sis homologues, which may well serve to align it with the A. 
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ramidus specimens. The bit of mandibular corpus from 
Tabarin (Kenya) and some of the pieces of rather question­
able age from Chemeron (Baringo Basin, Kenya) may be at­
tributable to either A. ramidus or A. anamensis, depending 
upon the recovery of more elements that are definitely attrib­
utable to these two species and upon the thickness of the 
enamel of the teeth. The Tabarin specimen was formally 
named Homo antiquus praegens (the term Homo antiquus be­
ing used by W Ferguson for someA. aforensis fossils) , and the 
species name praegens may be a senior synonym of ramidus if 
the Aramis and the Tabarin fossils prove to be conspecific. 

Evolutionary Relationships 
There has been considerable controversy over the relation­
ships among the species of Australopithecus and Paranthropus 
and between these taxa and the genus Homo. Almost all of 
the innumerable phylogenetic and taxonomic hypotheses 
that have been posited since the description of the Taung 
skull have been either rejected outright or substantially al­
tered by ongoing research and new discoveries. Nevertheless, 
it is useful to review some of the more salient hypotheses be­
cause of the impact that they have had upon perceptions of 
the course of human evolution. As of the late 1990s, there 
was no clearly formulated hypothesis that incorporates the 
A. anamensisand theA. ramidusfossils, although TD. White 
has been quoted in the popular press as claiming that there is 
simple unilineal evolution from A. ramidus through A. ana­
mensis to A. aforensis. This anagenetic view of single-species 
evolution is easily incorporated into several of the other hy­
potheses that have been put forward (see figure on page 
116). 

Hypothesis 1 (advanced by TD. White and D.C. Johan­
son in the late 1970s): A. aforensis represents the stem homi­
nin from which both the Homo and the "robust australopith­
ecine" lineages diverged. According to this hypothesis, A. 
african us is more closely related to the robust species P. robus­
tus and P. boisei than to any other hominin taxon. The dis­
covery of KNM-WT 17000 and other reasonably well pre­
served specimens of P. aethiopicus has led to the almost 
universal rejection of this hypothesis. 

Hypothesis 2 (advanced by R.R. Skelton, H.M. 
McHenry, and G.M. Drawhorn in the 1980s): A. aforensis 
represents the stem hominin from which A. african us 
evolved, and A. africanus represents the last common ances­
tor of the Homo and the robust (P. robustus and P. boisei) lin­
eages. The discovery of the KNM-WT 17000 cranium of P. 
aethiopicus has led many workers to reject this hypothesis, al­
though, in a subsequent work, Skelton and McHenry argued 
that P. aethiopicus is more primitive than A. africanus, the 
other robust australopiths, and Homo. In this later study, A. 
african us continued to be viewed as the sister of a robust aus­
tralopith + Homo clade, and the species aethiopicuswas a sis­
ter to that group; the genus Paranthropus was, therefore, 
found to be polyphyletic. 

Hypothesis 3 (advocated originally by J.T Robinson in 
the late 1960s): The robust australopiths (P. robustus and P. 
boisei) represent a distinct evolutionary lineage that diverged 
very early from the human (Homo) line. According to this 
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hypothesis, since P. robustus and P. boisei make up a distinct 
evolutionary branch (clade), it is valid to view them as repre­
senting a genus that was distinct from those taxa on the 
Homo line. Robinson argued that, since A. africanuswas part 
of the latter lineage, there was no valid reason to recognize 
Australopithecus as a distinct genus. The specimens from 
Taung, Sterkfontein, and Makapansgat could be accorded 
membership in the genus Homo as the species H trans­
vaalensis (there is already a species named africanus in the 
genus Homo). This hypothesis, put forward before the de­
scription of A. aforensis, was altered slightly by T.R. Olson, 
who argued that aforensis actually comprised two separate 
species, one of which was related to the Paranthropus lineage 
and the other to the Homo lineage. (It is of interest to note 
that while Robinson recognized the Garusi [Laetoli area] fos­
sils to be part of the Homo line [i.e., H transvaalensis], Olson 
interpreted them as being part of the Paranthropus lineage.) 
The phylogenetic diagram published here represents Olson's 
alterations to the scheme originally proposed by Robinson. 
This hypothesis (the presence of two parallel lineages) has 
been corroborated in part by the discovery of the KNM-WT 
17000 cranium of P. aethiopicus, although there is a general 
consensus that the Laetoli and Hadar samples represent a 
single species, A. aforensis. 

Hypothesis 4 (originally advocated by A. Walker and col­
leagues in their 1986 initial interpretation of KNM-WT 
17000 from West Turkana): A. aforensis represents the com­
mon stem from which the eastern African "robust" lineage 
(comprising P. aethiopicus and P. boisei) emerged, together 
with another lineage that led ultimately to the South African 
"robust" form (P. robustus) and to Homo via their common an­
cestor, A. african us. This hypothesis states that the morpho­
logical resemblances between the South and the East African 
"robust" forms arose through convergent evolution, primarily 
through convergent functional adaptations of the masticatory 
complex; thus, it interprets Paranthropusto be polyphyletic. 

Hypothesis 5 (advocated originally in 1986 by E. Delson 
and EE. Grine): This hypothesis is similar to Hypothesis 3 
inasmuch as it recognizes the "robust" taxa from southern 
and eastern Africa-P. robustus, P. boisei, and P. �a�e�t�h�i�o�p�i�c�u�~� 

as consisting of a single evolutionary branch (clade). It dif­
fers from Hypothesis 3, however, in that a single species, A. 
aforensis, is recognized for the fossils from Hadar and Lae­
toli. A. aforensis is postulated as the last common ancestor of 
the Paranthropusclade and the lineage leading to humans; A. 
africanus or an A. africanus-like form is held to represent the 
forebear of Homo. 

This hypothesis, which stemmed principally from an 
interpretation of the evolutionary relationships of P. 
aethiopicus, largely corroborated Robinson's arguments that 
the "robust" australopiths constitute a lineage distinct from 
that formed by A. africanus and Homo, with the result that 
the genus name Paranthropus can be legitimately applied to 
members of the former clade. In a strictly cladistic interpre­
tation of the taxonomy of this phylogenetic hypothesis, the 
species "A." aforensis (and also "A." anamensis) should prop­
erly be placed in a distinct genus, with the result that the 
name Australopithecuswould pertain only to A. africanus. 

AUSTRALOPITHECUS 

Hypothesis 6 (advocated by D.S. Strait, EE. Grine, and 
M.A. Moniz in the mid-1990s): Cladistic analysis of early 
hominin relationships found strong evidence in support 
of two monophyletic clades, Paranthropus and Homo. It 
concluded, in common with Skelton and McHenry, that 
A. africanus was the sister of Homo and the "robust" austra­
lopiths, except that Skelton and McHenry posited that P. 
aethiopicuswas not part of a "robust" clade. According to the 
analysis by Strait and his colleagues, which did not include 
the species A. ramidus and A. anamensis, A. aforensis is the 
sister of all other hominins. The two phyletic schemes that 
most closely approximate and, therefore, possibly explain 
the pattern of relationships hypothesized by the cladogram 
require the presence of at least two hypothetical ancestral 
species. These differ according to whether the primitive fea­
tures of P. aethiopicus represent secondary reversals from a 
more derived condition, or whether some of the derived fea­
tures of A. africanus represent parallel (i.e., nonhomologous) 
acquisitions. Various other studies of early hominin phy­
logeny have concluded that homoplasy (i.e., parallelism and 
convergence) is likely to be common among these taxa, 
which might suggest that Australopithecus aforensis gave rise 
to an A. africanus-like ancestor that retained a number of 
primitive features (e.g., a shallow glenoid fossa without a dis­
tinct articular tubercle). This, in turn, gave rise to A. afri­
canus (which represents an evolutionary dead-end) and to a 
hypothetical last common ancestor of the Paranthropus and 
Homo clades. According to this scenario, P. aethiopicus re­
tains its primitive cranial features from the two hypothetical 
ancestors and represents the common ancestor of P. boisei 
and P. robustus. 

One of the consequences of this study is that the name 
Australopithecuswilllikely find use only in reference to A. af 
ricanus, because the genus Australopithecus is paraphyletic. 
The Hadar and Laetoli fossils are properly referred to under 
the nomen Praeanthropus africanus. The term australopithe­
cine has little meaning, and it is hoped that the even more 
misleading sobriquets gracile and robustwill fall into disuse. 

See also Ardipithecus ramidus; Australopithecus afarensis; 
Australopithecus anamensis; Australopithecus bahrelghazali; 
Belohdelie; Broom, Robert; Clade; Classification; Dart, Ray­
mond Arthur; Fejej; Gladysvale; Hadar; Kanapoi; Krom­
draai; Laetoli; Leakey, Louis Seymour Bazett; Makapansgat; 
Olduvai Gorge; Paranthropus; Paranthropus aethiopicus; 
Paranthropus boisei; Paranthropus robustus; Robinson, John 
Talbot; Sterkfontein; Swartkrans; Taung. [EE.G.] 
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Australopithecus afarensis 
Species of Australopithecus named in 1978 to incorporate the 
early hominid fossil material from the Tanzanian Laetolil 
Beds and the Hadar sites in Ethiopia. Additional fossils from 
Kenya, Ethiopia, and Chad have been referred to this taxon 
as well. This species is thought by many to be a common an­
cestor of all later hominid species in the genera Homo, 
Paranthropus, and Australopithecus. 

The first specimens of Australopithecus afarensiswere re­
covered in Tanzania during the 1930s. Because more abun­
dant fossils of Australopithecus africanuswere being recovered 
during the 1920s through 1940s in southern Africa, most au­
thorities attributed the scanty material, consisting of a max­
illa and a molar collected by E Kohl-Larsen in the headwaters 
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Front and side views of compOJite cranium reconstructed from fragments 
found at various Hadar localities. 

of the Garusi River above Lake Eyasi (near Laetoli, Tanzania) 
to this taxon. A canine and an incisor recovered in 1932 by 
L.S.B. Leakey from nearby exposures of the same strata at 
Laetoli in the uppermost drainage of the Olduvai Side Gorge 
(Tanzania) went unrecognized until the 1970s. In the 1950s, 
the recognition by H. Weinert and S. Senyurek of primitive 
characters in the maxillary fragment led them to attribute the 
Garusi material to Meganthropus african us and Praeanthropus 
african us, respectively. Few agreed with these workers, and 
the Garusi maxilla, as it was called, continued to be consid­
ered a norchern representative of Australopithecus africanus. 

Between 1973 and 1977, fieldwork by M. Taieb, D.C. 
Johanson, and Y. Coppens in the Hadar Formation in the 
Afar region of Ethiopia led to the recovery of hundreds of 
hominid fossils dating between 3.4 and 3 Ma. These fossils 
included an intact knee joint, a partial skeleton nicknamed 
"Lucy," a sample of body parts from at least 13 individuals, 
and many isolated jaws and teeth. Almost simultaneously, 
between 1974 and 1978, M.D. Leakey and her colleagues re­
covered a smaller sample of hominid fossils dating to ca. 3.5 
Ma in the Laetolil Beds, as well as footprints in a deposit of 
Laetoli ash. 

The Laetoli hominids and part of the Hadar collection 
were at first considered to represent early Homo in eastern 
Africa. Other Hadar hominids, such as the "Lucy" partial 
skeleton, were attributed to gracile Australopithecus, while 
specimens of robust Australopithecus were also tentatively 
identified. The recovery of more fossils from Hadar and Lae­
toli, particularly from the Hadar 333 locality, led to a re­
assessment of these attributions by D.C. Johanson, who was 
studying the Afar material, and TD. White, who was study­
ing the Laetoli remains. They found no evidence for multi­
ple hominid species in either the Hadar Formation or the 
Laetolil Beds, but rather a wide range of size and shape, 
which they attributed to individual and sexual dimorphism. 
Taking this variability into account, they agreed that the 
hominin fossils found at the two sites could be placed in a 
single species. At the same time, they found that many of the 
characters in the material from Ethiopia and Tanzania were 
more primitive than in Australopithecus african us of southern 
Africa, and they concluded that the less-derived condition of 
the species from Laetoli and Hadar made it a suitable com­
mon ancestor for A. africanus and the earliest species of 
Homo. 

Johanson and White considered that the Hadar and 
Laetoli hominin should still be placed in the genus Australo­
pithecus, rather than Homo, because the fossils indicated 
bipedality but lacked the cranial expansion and facial reduc-



tion seen in Homo. This meant that the trivial name afri­
canus, which had been applied by Weinert and Senytirek to 

the original Laetolil fossils, was unavailable, because this 
name had already been in use for the South African Australo­
pithecus for decades before it was applied to the Garusi max­
illa. For this reason, Johanson, White, and Coppens in 1978 
named the material from Ethiopia and Tanzania Australo­
pithecus aforensis, after the Afar region of Ethiopia where 
most of the remains had been found. Tn emphasize the sim­
ilarities between the Hadar and the Laetoli material, they 
chose the adult mandible from Laetoli as the holotype speci­
men and emphasized variation in the new species by naming 
all of the hominines then known from the two sites as 
paratypes. This choice was later questioned by several au­
thors who argued that, by including the Garusi maxilla in 
the hypodigm of A. aforensis, Johanson et al. were equating 
the two named species; in that case, the name aforensis could 
be used as a replacement for africanus, which was preoccu­
pied in the genus Australopithecus, but (1) the type should re­
main Garusi and (2) if the species were placed in another 
genus (e.g., Praeanthropus), the species would be africanus. 
These views have not taken hold, although some workers 
have suggested using Praeanthropus. 

Australopithecus aforensis, according to Johanson and 
White, represented the only hominin, indeed the only hom­
inid species, known from Africa between 3.5 and 3 Ma. 
They later hypothesized that Australopithecus aforensis, not 
A. african us, also gave rise to the robust lineage of Paranthro­
pus aethiopicus, P. robustus, and P. boisei, as well as to the 
genus Homo as first represented by Homo habilis. 

Australopithecus aforensis is characterized by a distinctive 
suite of primitive cranial and postcranial characteristics. In 
the cranium, the braincase is small, with a measured capacity 
of between 380 and 430 ml for the few specimens available. 
The molars and the premolars are large relative to body size 
but lack the molarization and extreme size seen in later Aus­
tralopithecus. Palate and mandible shape are decidedly prim­
itive, and incisors and canines are relatively large. The face is 
very prognathic. The base and posterior portions of the cra­
nium are apelike in many features. Postcranially, Australo­
pithecus aforensis shows many anatomical characteristics of 
the hip, knee, and foot that indicate that it habitually prac­
ticed bipedalism, while apelike curvature of the hand and 
foot phalanges, and extreme robusticity of these and other 
skeletal elements, show that the species differed from the 
modern human condition. Female body size was signifi­
candy smaller than male, and this sexual dimorphism is also 
seen in the cranial and dental remains. 

The description of Australopithecus aforensis in 1978 
and the 1979 Johanson and White interpretation of this 
species' phylogenetic status prompted considerable discus­
sion and debate. Some workers suggested that the fossils 
should be retained in the genus Praeanthropus, as suggested 
by Weinert and Senytirek, whereas others advocated treating 
the fossils as northern representatives of a polytypic Austra­
lopithecus african us. Several workers considered the Hadar 
and Laetoli fossils to be different and, therefore, questioned 
the choice of a Laetoli specimen as a holotype, and others 
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A comparison between casts of a loweI'jaw fom Laetoli (top) and a 
lower j aw fom Hadar, both ofA. afarensis. Photo by and courtesy of 
Tim D. White. 

continue to recognize more than one species among the 
Hadar and Laetoli remains although there is no agreement 
among these workers about which specimens belong to 
which taxon. For example, some view "Lucy" as a relict 
Ramapithecus; some view her as an early representative of 
Homo; and others place her in Australopithecus africanus. The 
larger Hadar fossils are thought by different authors to repre­
sent Sivapithecus, robust Australopithecus, or early Homo. W. 
Ferguson formally proposed the name Homo antiquus for 
"Lucy" and suggested that the larger specimens, including 
the Garusi maxilla, should be termed Praeanthropus afri­
canus and interpreted as a "pongid" (i.e., an ape or nonhu­
man hominid). 

Further debate has centered on the inferred locomotor 
activities and habitat of Australopithecus aforensis. ].T. Stern, 
R.L. Susman, and others have interpreted postcranial charac­
ters such as curved phalanges to indicate that the species spent 
large amounts of time climbing in trees. For these workers, 
Australopithecus aforensis is an intermediate between the 
pongine and the hominine conditions. e.O. Lovejoy has 
consistendy maintained that this species was fully committed 
and adapted to existence as a habitually terrestrial biped. 

The primitive characters seen in the cranial and dental 
anatomy of Australopithecus aforensis have been interpreted 
by some as evidence for a relatively recent divergence between 
the ape and the human lines and, therefore, as support for 
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biochemically derived divergence dates of less than 6 Ma. 
Fossils from Fejej and Belohdelie (ca. 3.8 Ma), Tabarin 
(greater than 4 Ma), and Lothagam (ca. 6-5 Ma) have all 
been attributed to Australopithecus aforensis, although the 
identity of the older specimens is rendered questionable by 
recent finds (A. anamensis and Ardipithecus ramidus). Frag­
mentary remains, mostly teeth, from the Omo Usno and 
Shungura Formations (Ethiopia) and from Koobi Fora 
(Kenya) also have been tentatively allocated here. The pres­
ence of primitive characters in the relatively recent but defin­
itively hominid fossils from Hadar and Laetoli contributed 
greatly to the climate of reassessment of the hominid status of 
the much earlier Ramapithecus, which was often heralded as a 
direct human ancestor until the 1980s. 

The recognition of Australopithecus aforensis and Aus­
tralopithecus ( = Paranthropus) aethiopicus in the 1970s and 
1980s led to new perspectives on early hominid phylogeny. 
The 1990s witnessed the recovery of large new samples of 
Australopithecus aforensis from the Ethiopian sites of Hadar 
and from Maka in the Middle Awash, culminating in the 
discovery of a large skull from the upper Kada Hadar mem­
ber (ca. 3 Ma) announced in 1994. In the following years, 
two new, somewhat older species of australopith were de­
scribed, Ardipithecus ramidus and Australopithecus anamensis. 
In addition, a mandible fragment from Chad was referred to 
this species on the basis of morphological similarity and 
comparable faunal association, vastly increasing its known 
geographic range. This specimen was later named A. bah rel­
ghazali, distinguished from A. aforensis on relatively minor 
dental differences. All of these new fossils and their alterna­
tive interpretations continue to test the integrity and utility 
of the species A. aforensis, which has become the standard of 
comparison for Pliocene hominins. 

See also Afar Basin; Africa, East; Atdipithecus ramidus; Aus­
tralopithecus; Australopithecus africanus; Australopithecus 
anamensis; Australopithecus bahrelghazali; Baringo Ba­
son/Tugen Hills; Belohdelie; Fejej; Hadar; Laetoli; 
Lothagam; Middle Awash; Paranthropus. [TD.WJ 
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Australopithecus africanus 

Type species of the genus Australopithecus and the taxonomic 
name that is commonly used in reference to the "gracile" aus­
tralopith fossils from the South African sites of Taung, Sterk­
fontein, Makapansgat, and possibly Gladysvale. 

The first specimen to be discovered was found at Taung 
in 1924. The fossil consists of a complete facial skeleton, a 
nearly complete mandible, and a hemi-endocast of a juvenile 
individual with a complete deciduous dentition. It was de­
scribed by R.A. Dart in 1925. The name that Dart gave to the 
Taung skull, Australopithecus afticanus, means literally 
"southern ape of Africa." The Taung skull was the first early 
hominin specimen to be recovered from ancient sediments in 
Africa, and Dart's pronouncement that Australopithecus afti­
canus represented an intermediate between apes and humans 
was met with considerable resistance by the paleoanthropo­
logical community. The first adult specimen of Australopithe­
cus was recovered 11 years later by R. Broom from the site of 
Sterkfontein. Broom described the Sterkfontein specimen in 
1936, and because he was struck by the similarities between it 
and the Taung specimen he placed it into the same genus, al­
beit in a different species, A. transvaalensis. Further discover­
ies from Sterkfontein made in conjunction with the first 
hominin specimens to be recovered from Kromdraai (South 
Africa) caused Broom to refer the Sterkfontein fossils to a sep­
arate genus, Plesianthropus, whence the name "Mrs. PIes" for 
the supposedly female Sterkfontein cranium Sts 5. The first 
hominin specimen from Makapansgat was described in 1948 
by Dart, who attributed it to a separate species of Australo­
pithecus, A. prometheus. Thus, by the late 1940s three differ­
ent taxonomic names had been applied to the fossils from 
Taung (Australopithecus afticanus), Sterkfontein (Plesianthro­
pus transvaalensis), and Makapansgat (Australopithecus 
prometheus). On the basis of detailed comparative studies of 
the specimens from these three sites, J.T. Robinson proposed 
in 1954 that they represented a single species, A. afticanus. 
This has received almost universal support by workers in the 
field. By the late 1990s, the hypodigm of A. afticanus com­
prised the Taung skull (the type specimen), fossils from 
Members 3 and 4 of the Makapansgat Formation, and those 
from Member 4 of the Sterkfontein Formation. Several asso­
ciated foot bones purportedly from Member 2 of the Sterk­
fontein Formation may also be attributable to A. afticanus, 
and several isolated teeth of questionable provenance recov­
ered by renewed work at the site of Gladysvale (as well as an 
incisor from Coopers) may also be attributable to this species. 

The fossils from Makapansgat Member 3, representing 
the vast bulk of the sample from that site, appear to date 
close to 3 Ma, while the Sterkfontein Member 4 specimens 
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Frontal and lateral views of the Taung child foce and brain cast (top), and the Sterkfontein 5 cranium. Courtesy of Frederick E. Grine. 

are dated ro ca. 2.5 Ma based upon faunal comparisons with 
radiometrically dated samples from eastern Africa. Although 
it has been claimed that the Sterkfontein Member 2 fossils 
may be older than 3 Ma, this is based solely upon geological 
inference. The geochronological dating of the Taung fossil 
has been a matter of dispute. An ill-founded attempt at geo­
morphological dating in the early 1970s suggested an age of 
less than 1 Ma, which prompted speculation that the skull 
may be that of a "robust" australopith, although analyses of 

the faunal remains from the site suggest an age between 2.3 
and 2 Myr. Moreover, the Taung specimen is morphologi­
cally similar ro those from Makapansgat and Sterkfontein 
and quite distinctive from the Paranthropus fossils of Krom­
draai and Swartkrans. As of the late 1990s, the fossils from 
Gladysvale remained undated. Thus, A. afticanus appears to 
have existed in southern Africa between ca. 3 and 2 Ma. No 
fossil from eastern Africa has been demonstrated convinc­
ingly ro represent this taxon. 
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Initial studies of the faunal remains associated with A. 
afticanus led Dart to postulate that this hominin was a hunter. 
The faunal elements from Makapansgat were thought by him 
to represent not only the food remains, but also the imple­
ments of A. afticanus. Dart referred to these purported bone, 
tooth, and horn tools as the Osteodontokeratic culture. Sub­
sequent taphonomic studies by c.K. Brain, however, have 
demonstrated convincingly that, far ftom representing the 
tools and food remains of A. afticanus, these faunal elements 
and, indeed, the hominins themselves ptobably represent the 
food remains of carnivores, such as leopards, and scavengers, 
such as hyenas. A. afticanus appears to have been the hunted 
rather than the hunter! This interpretation agrees with analy­
ses of the teeth of A. afticanus, which suggest a herbivorous 
diet, and the details of wear on these dentitions indicate sub­
sistence upon fruits and foliage. 

The postcranial elements of A. afticanus, including the 
structure of the shoulder girdle, the shape of the pelvis, the 
structure of the femur, the size and shape of the hand bones, 
and the morphology of the foot skeleton, are indicative of a 
creature that employed bipedal locomotion on the ground 
(although the mode of bipedality almost certainly differed 
from that practiced by modern humans), but one that was 
well adapted to climbing. There appears to have been consid­
erable dimorphism in size between presumptive males and 
females as reflected by both craniodental and postcranial 
remains. Among the postcranial features that serve to charac­
terize A. afticanus are: metacarpals and phalanges moderately 
curved; os coxae with low ilium that is btoad anteroposteri­
orly; iliac blade approximating coronal plane in its orienta­
tion; femoral head relatively small and femoral neck relatively 
long; hallux medially diverged (varus) and mobile. 

Among the cranial and dental features that characterize 
A. afticanusare: cranial vault globular and lacking ectocranial 
superstructures in both males and females; calvaria hafted to 
facial skeleton at a high level resulting in high supraorbital 
height index; slight forehead rise from glabella to bregma; 
cranium with moderate pneumatization of mastoid region; 
lambda and inion moderately separated; glenoid fossa deep 
with marked articular eminence; slight angulation of petrous 
to sagittal plane resulting in low petro median angle; moder­
ate to marked maxillary alveolar prognathism with nasoalveo­
lar clivus delineated from floor of nasal cavity by distinct 
ridge; incisive canals opening into inclined surface of nasal 
floor as a capacious incisive fossa; anterior palate shelved; 
alveolar margins of maxillary canine and incisor sockets 
arranged in an anteriorly convex line; pyriform aperture set 
anterior to level of anterior surfaces of zygomatics; lateral 
margins of pyriform aperture tounded with variable presence 
of canine pillars; glabella ptominent and situated at level of 
supraorbital margin; nasion located below glabella as a result 
of high glabella; incisors and canines harmoniously propor­
tioned to sizes of cheek teeth; P3 tending to possess two roots; 
and dP 3 not "molarized" with anterior fovea lingually skewed 
and incompletely walled by mesial marginal ridge. 

These and other features serve to distinguish the skull 
and dentition of A. afticanus from the more primitive A. 
ramidus, A. anamensis, and A. aforensis and from the highly 

Australopithecus africanus maxilla Sts 52a (left) and mandible Sts 52b. 

derived and specialized "robust" australopiths (Paranthro­
pus). A. afticanus, however, does not appear to possess 
any unique morphological features (autapomorphies) that 
would necessarily preclude it from being considered as the 
ancestor, or at least as the ancestral morph, from which 
Homo evolved. Indeed, a number of workers have argued 
that early specimens attributed to the genus Homo (e.g., H. 
habilis) are virtually indistinguishable from A. afticanus. 

Endocranial capacity estimates for A. afticanus are on 
the order of 410--450 ml (with an average of ca. 440 ml), al­
though a large cranium from Sterkfontein (Stw 505) may 
possess an endocranial capacity that exceeds 500 m!. The 
endocranial-volume estimates for A. afticanus tend to be 
slightly larger than those for A. aforensis, and slightly smaller 
than those for P robustus and P boisei, but significantly 
smaller than those for most specimens of early Homo. As of 
the late 1990s, no identifiable stone artifacts had been found 
in the cave breccias that contain A. afticanus remains. 

Although there are very subtle differences in some of 
the postcranial elements of A. aforensis and A. afticanus, their 
morphological configurations are remarkably similar. Body-



weight estimates from long-bone shafts and articular sur­
faces range from ca. 35 kg to ca. 65 kg. 

See also Ardipithecus ramidus; Australopithecus; Australo­
pithecus afarensis; Australopithecus anamensis; Gladysvale; 
Makapansgat; Paranthropus; Paranthropus aethiopicus; 
Paranthropus boisei; Paranthropus robustus; Sterkfontein; 
Taung. [EE.G.] 
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Australopithecus anamensis 
Taxonomic name that refers to East Mrican hominid fossils 
that date between 4.2 and 3.9 Ma from the Kenyan sites of 
Allia Bay and Kanapoi. The species name, which means 
"lake" in the Turkana language, was applied by M.G. Leakey 
and her colleagues in 1995 to 21 fossils from these two sites 
in the vicinity of Lake Turkana. In 1998, they described over 
30 more fossils and clarified the dating at Kanapoi. 

The fossils that have been referred to Australopithecus ana­
mensis display several primitive features, as well as a number 
that appear to be unique for this species. This species is diag­
nosed by: the external auditory meatus being very small and of 
an elliptical outline; a tubular tympanic bone that extends lat­
erally only as far as the medial edge of the postglenoid process 
of the mandibular fossa; mandibular corpora and tooth rows 
that are nearly parallel and close together; a mandibular symph­
ysis with a marked inferoposterior slope that extends back as far 
as the M 1; upper molars in which the mesial part of the crown 
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(the trigon) is much broader buccolingually than the distal part 
of the crown (the talon) and a dP 3 intermediate in its degree of 
molarization between A. ramidus and A. aforensis. It differs 
from Ardipithecus ramidus principally in having thicker enamel 
on its tooth crowns. Like Ardipithecus ramidus and Australo­
pithecus aforensis, the mandibular fossa is very shallow, with a 
poorly developed articular eminence, and, like the former, the 
temporal bone shows strong pneumatization that extends into 
the squamous portion and into the root of the zygomatic arch. 

A tibia from Kanapoi shows features that are clearly in­
dicative of bipedalism (e.g., both proximal articular surfaces 
are elongated anteroposteriorly, concave, and of approxi­
mately equal area). It is larger than the largest tibia of Austra­
lopithecus aforensis that has been recovered so far from the 
Hadar Formation (Ethiopia). The weight of this individual is 
estimated to have been between ca. 47 kg and 55 kg. A ha­
mate (wrist bone) has a very long hook, which would have 
been associated with a deep carpal tunnel through which the 
tendons of large, powerful hand flexors would have run. This 
suggests that Australopithecus anamensis--like Ardipithecus 
ramidus, Australopithecus aforensis, and Australopithecus afri­
canus--was a bipedal species that was capable of, and proba­
bly heavily engaged in, tree climbing. A capitate (another 
wrist bone) is highly distinctive in that its facet for the second 
metacarpal (palm bone) faces laterally as in apes, rather than 
obliquely as in later Australopithecus and Homo species. 

Of the more than 20 specimens from Kanapoi, most 
(including the type specimen, which is a nearly complete, 
probably female mandible with a full adult dentition cata­
logued in the Kenya National Museums as KNM-KP 
29281) derive from sediments between two tuffs that are 
dated to 4.16 and 4.07 Ma. These sediments are correlated 
with the presence of the Lonyumun Lake, which came into 
existence in the Turkana Basin ca. 4.2 Ma; this sedimentary 
phase is overlain by the Moiti Tuff, dated to ca. 3.9 Ma else­
where in the basin. The hominids from Allia Bay derive from 
beneath or within the Moiti Tuff. 

Reconstructions of the paleoecology at Kanapoi and 
Allia Bay are consistent with the hypothesis that A. anamen­
sis was both a biped and a capable climber. At Kanapoi, the 
associated fossils include a number of fish and aquatic verte­
brates and a considerable diversity of mammalian taxa. 
Kudu and impala are the dominant bovids. This suggests a 
woodland-bushland habitat along a large river at Kanapoi. 
The Allia Bay fauna appears to be associated with a gallery 
forest that would have lined the large proto-Omo River. 

See also Africa, East; Ardipithecus ramidus; Australopithe­
cus; Australopithecus afarensis; Australopithecus africanus; 
Hadar; Kanapoi; Turkana Basin. [EE.G.] 
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horizon. Nat. Geog. 188(3):38-51. 
Leakey, M.G., Feibel, C.S., McDougall, I., and Walker, A. 

(1995) New four-million-year-old hominid species 
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from Kanapoi and Allia Bay, Kenya. Nature 
375:565-571. 

Leakey, M.G., Feibel, CS., McDougall, 1., Ward, C, and 
Walker, A. (1998) New specimens and confirmation of 
an early age for Australopithecus anamensis. Nature 
393:62-66. 

Australopithecus bahrelghazali 
Proposed new species of early hominin from Chad, Central 
Africa, dated to ca. 3.5-3 Ma. A 1995 report of this material, 
limited to a mandibular symphysis with both C]-P4 and one 
1

2
, along with an isolated P3, suggested that it was closely sim­

ilar to A. aforensis, of comparable age. Further study, however, 
convinced M. Brunet and colleagues that the dentition and 
the anterior mandible are distinct enough to be considered a 
new species. Reaction from colleagues has been limited. 

a 2cm 

c 

Three views ofholotype mandibular symphysis with LCi -Pi' R 12-P1 
Courtesy of Michel Brunet. 

The Koro Toro region of Chad first yielded fossil mam­
mals in the 1960s, but the only hominin specimen recovered 
was a badly weathered facial fragment of ?Early Pleistocene 
age usually referred to Homo cf. erectus. After a hiatus of 
about 20 years, a new expedition surveyed the area and lo­
cated a faunal assemblage said to be comparable in age to 
that from Hadar (Ethiopia), 2,500 km to the east. The 
species name derives from the classical Arabic for "River of 
the gazelles," the local name of the region. 

A. bahrelghazali is distinguished especially by a more 
vertical symphysis than in other species of Australopithecus 
and by three- rather than two-rooted lower premolars. In 
other features, it is essentially similar to A. aforensis. It differs 
from A. africanus by a less-robust mandibular corpus and 
smaller anterior teeth, and from A. anamensis by a shorter 
planum alveolare, smaller inferior symphyseal transverse 
torus, and the presence of a strong P 3 metaconid. As with 
other Australopithecus species, the molar and canine enamel 
is thicker than in Ardipithecus ramidus, while the corpus is 
more gracile, the anterior teeth are larger, and p3 is asymmet­
rical rather than oval as in Paranthropus. The obvious ques­
tion is whether the extra premolar root (more conservative) 
and the flatter, more vertical symphyseal profile (derived?) 
are sufficient to merit species status by comparison to 
roughly contemporaneous species of Australopithecus. Only 
time and additional specimens from Central Africa will tell. 
But for now, this material greatly enlarges the known geo­
graphic range of early hominins and falsifies the hypothesis 
that they lived only to the east of the rift valley. 

See also Africa; Ardipithecus ramidus; Australopithecus; Aus­
tralopithecus afarensis; Australopithecus anamensis; Paran­
thropus. [E.D.J 

Further Readings 
Brunet, M., Beauvilain, A., Coppens, Y, Heintz, E., 

Moutaye, A.H.E., and Pilbeam, D. (1996) Australo­
pithecus bahrelghazali, a new species of early hominid 
from Koro Toro region (Chad). CR. Acad. Sci. (Paris), 
ser. 2a, 322:907-913 (French with long English 
summary). 

Australopithecus garhi 
A species of Australopithecus proposed In early 1999 for 
newly recovered specimens from deposits at Bouri (in the 
Middle Awash area of Ethiopia), dated ca. 2.5 Ma. B. Asfaw 
and colleagues described this species on the basis of a partial 
cranium and several additional fragmentary specimens. 
Among the claimed diagnostic features are large teeth with 
thick enamel, subnasal prognathism, incisor procumbency, 
low degree of premolar molarization, no anterior pillar or fa­
cial dishing, and probably at least some sagittal crest devel­
opment. The combination of these features (and several oth­
ers) is said to distinguish the new specimens from all known 
hominin species and to suggest some transition toward early 
Homo. On the other hand, one might also consider the 
possibilities that: 1) the new cranium is female rather than 
male and might possibly represent Paranthropus aethiopicus, 



which is known from the same time period in the Turkana 
Basin; or 2) is a late variant of Australopithecus aforensis. 

From the same Bouri 12 locality, Asfaw and colleagues 
recovered a partial postcranial skeleton preserving the femur 
and three arm bones bur no teeth or cranial parts. It was thus 
not possible to allocate this specimen to the same species as 
the cranium-they were separated by nearly 300 m on the 
ground. The forelimb elements are about the same length as 
those of "Lucy" (female Australopithecus aforensis), but the 
femur is significantly longer, suggesting that femoral elonga­
tion preceded forearm shortening (compared to humeral 
length) in human evolutionary history. 

The late]. De Heinzelin and colleagues, in a compan­
ion article, described cutmarked horse and antelope bones 
from Bouri 12 and the nearby and contemporaneous Bouri 
11. These reflect hominin activities such as removal of leg 
muscle and tongue meat, as well as marrow. No stone tools 
were recovered in situ, perhaps due to the scarcity of suitable 
raw materials on the then-featureless lake margin. Many 
such artifacts were recovered at Gona (near Hadar, some 100 
km north and ca. 100 Kyr older), but only a few surface 
pieces were located at Bouri. As with the postcranium, it is 
not sure to whom these tools belong, whether A. garhi or an­
other as yet unidentified taxon. 

See also Afar Basin; Africa, East; Australopithecus; Australo­
pithecus afarensis; Hadar; Middle Awash; Oldowan; Paran­
thropus aethiopicus; Raw Materials. [E.D.] 

Further Readings 
Asfaw, B. White, T., Lovejoy, 0., Latimer, B., Simpson, S., 

and Suwa, G. (1999) Australopithecus garhi: a new 
species of early hominid from Ethiopia. Science 284: 
629-635. 

TJpical stone awl. Scale is 1 em. 

AZILIAN 

De Heinzelin, ]., Clark, J.D., White, T., Hart, w., Renne, 
P., WoldeGabriel, G., Beyene, Y. and Vrba, E. (1999) 
Environment and behavior of 2.5-million-year-old 
Bouri hominids. Science 284:625-629. 

Awl 

Pointed boring tool made out of stone (sometimes called a 
peryoir, perforator, or borer) or bone, probably used for 
making holes in skins, wood, bone, antler, or other materi­
als. Although some stone artifacts have been identified ty­
pologically as awls even at Early Paleolithic sites, such arti­
fact forms become more common and more standardized in 
shape in tool assemblages in the Mousterian and the Late 
Paleolithic. 

See also Clothing; Late Paleolithic; Mousterian. [N.T., K.S.] 

Azilian 
Epipaleolithic or Early Mesolithic industry of western Eu­
rope. The term was introduced by the French prehistorian E. 
Piette (1826-1906) in 1899 to describe a phase in the transi­
tion from the Paleolithic to the Neolithic. Specifically, Piette 
had discovered in the deposits of the Mas d'Azil cave (near 
Ariege in the Pyrenees region) a tool assemblage consisting of 
flat harpoons made of deer horn and a collection of various­
sized and -shaped pebbles decorated with colored schematic 
designs. Although his interpretation of these artifacts was 
initially resisted, subsequent discoveries in other sites 
throughout France and elsewhere in northern Europe (e.g., 
H. Breuil found similar artifacts at the Of net Cave, near 
Bayern, Germany, in 1909) verified his original proposal. 
Today, the Azilian is generally acknowledged as representing 
an initial phase in the Mesolithic cultural sequence, which is 
dated to 11-9 Ka. [A.S.B.] 

Azilian painted pebbles (originals in red and tan). 
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Bacho Kiro 
Stratified cave site in the Balkan Mountains of Bulgaria with 
three Mousterian and 10 Upper Paleolithic layers. Layers 14 
through 12 contained lithic inventories assigned to the 
Charentian and Typical Mousterian. Two fragments of bone 
from Layer 12 appear to have been intentionally engraved. 
The Upper Paleolithic layers contain numerous faunal re­
mains of both herbivores and carnivores; blade-tool assem­
blages predominantly fashioned of nonlocal flint. basalt, and 
quartzite; bone tools, including bone points; and bone jew­
elry. Remains of hearths have been found in these layers as 
well. A series of radiocarbon dates for the different layers in­
dicate that Upper Paleolithic inventories from Layer 11, 
dated to more than 43 Ka (and perhaps as old as 60-45 Ka), 
represent some of the earliest securely dated Late Paleolithic 
remains in Europe. Assemblages from Layers 11 on have 
been classifled as Bachokirian, a regional variant of the Auri­
gnacian. Hominid remains from the Upper Paleolithic lay­
ers, consisting of fragments of a neurocranium, two mandi­
bles with teeth, and five single teeth, possess some primitive 
characteristics and may represent somewhat archaic modern 
humans or possibly forms transitional between the Nean­
derthals and fully modern Homo sapiens. 

See also Aurignacian; Europe; Israllosko; Late Paleolithic; 
Neanderthals; Upper Palaeolithic. [O.S.] 

Badegoulian 
Early Magdalenian-like industry of Central France, ca. 16 Ka, 
with a distribution from the Perigord east to the Auvergne and 
north to the Paris Basin. Sometimes referred to as Magdalen­
ian "0" and "I," it differs from the classic Magdalenian in its 
emphasis on blades and burins, especially transverse burins on 
notches, the presence of raclettes, the rarity or absence of 
backed bladelets, and the simplicity of its bone industry re­
flected in a small number of simple beveled-bone spear points. 

See also Blade; Burin; Harpoon; Magdalenian; Perigord; 
Sagaie; Stone-Tool Making; Upper Paleolithic. [A.S.B.] 

Bambata 
African Middle Stone Age industry of Zimbabwe and 
Botswana (probable age ca. 100-40 kyr) named after the 
Bambata Cave site in the Matopos Hills south of Bulawayo. 
The Bambata differs from the Stillbay, Pietersburg, Oran­
gian, and other Middle Stone Age industries to the south in 
the relative rarity of blades, burins, perforators, endscrapers, 
and backed knives. Characteristic forms include discoidal 
cores and small unifacial and bifacial points and sidescrapers. 
Other major sites, all near Bulawayo, include Pomongwe 
and Tshangula caves and the Khami waterworks open site. 
The industry appears to extend as far as ;6Gi in the north­
western Kalahari Desert of Botswana. 

See also Howieson's Poort; Levallois; Middle Stone Age; Oran­
gian; Pietersburg; Stillbay; Stone-Tool Making. [ASB.] 

Further Reading 
Cooke, C.K. (1984) The industries of the Upper Pleis­

tocene in Zimbabwe. Zimbabweia 1:23-27. 

Baradostian 
Late Paleolithic blade and burin industry defined by R. 
Solecki on the basis of Layer C at Shanidar Cave on Mount 
Baradost (Iraq), dated to 34-29 Ka by radiocarbon. Also 
found in western Iran, the industry differs from the Aurigna­
cian in its high percentage of bur ins, some with a distinctive 
nosed profile, and in the lessened emphasis on carinate and 
nose-ended scrapers and busked burins. The presence of the 
latter, however, has led to a recent, but not universally ac­
cepted, attribution of the Baradostian to a more generalized 
Aurignacian tradition as the Zagros Aurignacian. 

See also Asia, Western; Aurignacian; Blade; Burin; Late Pale­
olithic; Shanidar; Stone-Tool Making. [ASB.] 

Further Readings 
Olszewski, OJ., and Dibble, H.L. (1994) The Zagros Auri­

gnacian. Curro Anthropol. 35:68-75. 
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Map of the Lake Baringo area showing the location of the Tugen Hills 
and several neighboringfossillocalities. Courtesy of Andrew Hill. 

Solecki, R. (1971) Shanidar: The First Flower People. New 
York: Knopf. 

Baringo Basin/Tugen Hills 
Region of the Central Kenya Rift Valley exposing Late Neo­
gene sediments and volcanics ranging in age from ca. 15.5 to 
0.2 Ma. Paleontological and archaeological finds are numer­
ous, including Kenyapithecus, indeterminate ?hominins, 
?Australopithecus, Paranthropus, Homo, and prolific open and 
stratified Paleolithic sites. The main importance of this area 
for human evolution lies in the fact that the fossil record rep­
resented here includes sites that document the period from 
12 to 4 Ma, which is otherwise extremely poorly known in 
sub-Saharan Africa. It was during this time that the 
Ethiopian fauna became established and humans and mod­
ern African apes diverged from their common ancestor. 

Paleontological investigation of this region began in 
the 1930s, when expeditions by C. Arambourg and L.S.B. 
Leakey passed through en route to the Turkana Basin. The 
geologist H. Wayland had already made it the type area of 
the Kamasian pluvial, following initial geological studies by 
]. Thomson in the 1880s. The 20-km-long Lake Baringo, 
just north of the equator, is surrounded by badlands that 
yield abundant fossils of plants and animals. Isolated sites are 
found in the north, at Karmosit and Aterir, and to the east at 
the foot of the Laikipia Escarpment, at Alengerr and 
Chesowanja. Most of the Baringo sites, however, are found 
on the west of the lake in the T ugen Hills. 

Tugen Hills Stratigraphy and Dating 
The Tugen Hills, sometimes known as the Kamasia Range, 
extend ca. 75 km north-south along the rift on the west of 
Lake Baringo. The Tugen Hills are a complexly faulted, west­
tilted horst (upthrust block) in which ca. 3,000 m of rift­
floor deposits are exposed in scarps and foothills facing the 
lake. The strata are displaced by a crazy-quilt of large and 
small faults, including some that were already active during 
deposition of the beds, making stratigraphic correlation be-
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Stratigraphy of the Tugen Hills succession. The major geologic units are 
shown in an idealized stratigraphic column, with sedimentary formation 
names in capital letters, and the horizons of hominoid fossils indicated. 
Courtesy of Andrew Hill. 

tween separate areas difficult. Despite this, the sediments 
have been placed in six main fossiliferous formations. From 
oldest to youngest these are the Muruyur Beds, the Ngorora 
Formation, the Mpesida Beds, and the Lukeino, Chemeron, 
and Kapthurin formations. They are, for the most part, sep­
arated from one another by volcanic horizons, including sev­
eral thick lava sequences, and they also include numerous 
tuffaceous horizons. Radiometric dating on the volcanics, 
and paleomagnetic stratigraphy in the sedimentary suc­
cession, support a relatively detailed and fine-grained age 
calibration. 

The Muruyur Beds span roughly 16-15 Ma and, while 
they are as yet little known, have yielded a diverse fauna from 
a number of sites, especially around Kipsaramon (ca. 
15.5-15 Ma). The more widely exposed Ngorora Forma­
tion, which spans a lengthy time interval from 13 Ma to less 
than 9 Ma, is a fairly unbroken sequence up to 450 m thick. 
Most Ngorora fossils, however, come from sites dated be­
tween 12.7 and 10.5 Ma, with a few in outlying fault blocks 
that are most probably younger (e.g., Ngeringerowa, ca. 9 
Ma or less). Most of the time interval between ca. 8.5 and 6 
Ma is either not exposed or is known only by volcanic rocks. 
The exception is the Mpesida Beds, lenses of fossiliferous 
sediment within the very thick Kabarnet Trachyte that are 
dated at ca. 6.5 Ma. The extensive Lukeino lake beds and 
sands resting on the lavas have a number of sites that have 
been dated between ca. 6.3 and 5.6 Ma. The overlying 
Chemeron Formation is informally divided into three seg­
ments that span nearly all of the Pliocene, from ca. 5.6 to 1.6 



Myr. Unconformably resting on Chemeron strata in the area 
close to Lake Baringo are the Kapthurin Beds, dated from ca. 
O.S ro 0.25 Ma, an extensive blanket of sediments that con­
tains important fossil sites. 

In addition to fauna, many levels in the Baringo Basin 
sequence have yielded important collections of plant re­
mains. An extensive macrofiora, indicating forest condi­
tions, is known from the Lower Ngorora Beds at 12.6 Ma. 

Significant changes in the mammalian fauna can be de­
tected throughout the sequence. The most noticeable faunal 
shift comes between the highest Ngorora faunal level and 
the Mpesida Beds and is even more apparent in the better­
sampled Lukeino Formation above. This change documents a 

dramatic first step toward the modern Ethiopian fauna and 
the effective end of the archaic Miocene fauna of older sites. 

Tugen Hills Hominoids and Other Primates 
Fossils of hominoids have been found at several levels in the 
Tugen Hills sequence. The earliest are numerous specimens 
of Kenyapithecus, still largely undescribed but including a 
partial skeleton, from Kipsaramon. The cercopithecid Victo­
riapithecus, a large species of Proconsul, and the archaic ca­
tarrhine Kalepithecus also occur there. In the lower part of the 
Ngorora Formation, isolated hominoid teeth represent Pro­
consul and perhaps another genus; archaic catarrhines and 
the youngest known Victoriapithecus are also present, all ca. 
12.5 Ma. The earliest African colobine, Microcolobus, comes 
from N geringerowa. Another isolated hominoid molar, from 
a site in the Lukeino Formation at ca. 6 Ma, is impossible 
to assign unequivocally to any known species, bur it could 
have belonged to a hominin. If so, it would be the earliest 
so far known; recent study by P. Ungar and colleagues sug­
gests similarities to Australopithecus anamensis, as well as to 
chimpanzees. 

Of three hominid specimens from the Chemeron For­
mation, all most probably hominins, one derives from the 
older, Tabarin outcrops dated between 5 and 4.15 Ma. This 
specimen is one of the earliest well-documented hominins in 
the fossil record; only the specimens from Lothagam, near 
Lake Turkana, are a little older. The Tabarin specimen is a 
piece of right mandible with intact first and second molars. In 
its dental features and details of subocclusal and mandibular 
morphology, it closely resembles smaller specimens of Aus­
tralopithecus aforensis and also (as A. Hill has pointed out) the 
more fragmentary material that has been assigned to Australo­
pithecus anamensis and Ardipithecus ramidus. W Ferguson has 
named the Tabarin jaw Homo antiquus praegens, which might 
have prioriry if this specimen is conspecific with either ana­
mensis or ramidus. The other early Chemeron specimen, from 
a site some kilometers to the north of Tabar in, is a proximal 
fragment of a humerus that seems likely to represent the same 
species as that of the Tabarin mandible. 

The third hominin, from the upper part of the 
Chemeron, is much younger than the other occurrences, 
dating close to 2.4 Ma. This is a temporal bone that comes 
from a site on the Kapthurin River near its mouth on Lake 
Baringo. After languishing as Hominidae indeterminate, it 
has been reanalyzed and identified as Homo sp. indet. (cf. H. 
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Important occurrences of primate (including hominin) fossils and stone 
tools in the Baringo Basin sequence. Courtesy of Andrew Hill. 

rudolfonsis?), one of the three earliest representatives of the 
genus Homo, the others being from Hadar (Ethiopia) and 
Uraha (Malawi). An older site, near the base of the Upper 
Chemeron, yielded a partial skeleton of Paracolobus 
chemeroni (the type) and a partial skull of ? Theropithecus 
(Omopithecus) baringensis (also the type); these fossils re­
mained undated for many years, but they are now closely es-

The partial hom in in mandible from Tabarin (with right M1-2), dated 
between 5-4.15 Ma; from the top: buccal, occlusal, and lingual views. 
Courtesy of Andrew Hill. 
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timated to date to 3.1-3 Ma. Other sites in the much younger 
Kapthurin Beds (dated ca. 500 Ka in early 1999) have pro­
duced two hominin mandibles and several postcranial bones, 
as well as an important late Acheulean artifact assemblage fea­
turing prepared-core technology and large blades. 

The isolated Chesowanja site on the east side of the lake 
has yielded specimens of Paranthropus boisei, including a par­
tial cranium, in association with a sequence of artifacts. The 
absence of a toolmaker (Homo), if the Paranthropus is ex­
cluded from consideration, is reminiscent of the situation in 
the Bed I sites at Olduvai Gorge (Tanzania) just prior to the 
discovery of Homo habilis. 

See also Mrica; Mrica, East; Ardipithecus ramidus; Austra­
lopithecus afarensis; Australopithecus anamensis; Cheso­
wanja; Hominidae; Homininae; Homo; Kapthurin; Rift 
Valley. [E.D., J.A.V.C, A.H.J 

Further Readings 
Hill, A. (1994) Late Miocene and Early Pliocene hominoids 

from Mrica. In R.S. Corruccini and R.L. Ciochon 
(eds.): Integrative Paths to the Past. Englewood Cliffs, 
N.J.: Prentice-Hall, pp. 123-145. 

Hill, A. (1995) Faunal and environmental change in the 
Neogene of East Mrica: Evidence from the Tugen Hills 
sequence, Baringo District, Kenya. In E.S. Vrba, G.H. 
Denton, T.C Partridge, and L.H. Burckle (eds.): Pale­
oclimate and Evolution, with Emphasis on Human 
Origins. New Haven: Yale University Press, pp. 
178-193. 

Hill, A., Behrensmeyer, A.K, Brown, B., Deino, A., Rose, 
M., Saunders, J., Ward, S., and Winkler, A. (1991) 
Kipsaramon, a Lower Miocene site in the T ugen Hills, 
Baringo District, Kenya.]. Hum. Evo!. 20:67-76. 

Hill, A., Drake, R., Tauxe, L., Monaghan, M., Barry, J.C, 
Behrensmeyer, A.K, Curtis, G., Jacobs, B.F., Jacobs, 
L., Johnson, N., and Pilbeam, D. (1985) Neogene pa­
leontology and geochronology of the Baringo Basin, 
Kenya. J. Hum. Evo!. 14:759-773. 

Ungar, P., Walker, A., and Coffing, K. (1994) Reanalysis of 
the Lukeino molar (KNM-LU 335). Am. J. Phys. An­
thropo!. 94:165-173. 

McBrearty, S., Bishop, L.C, and Kingston, J.D. (1996) 
Variability in traces of Middle Pleistocene hominid be­
havior in the Kapthurin Formation, Baringo, Kenya. J. 
Hum. Evo!. 30:563-580. 

Baton de Commandement 
Characteristic artifact form of the European Paleolithic, es­
pecially the Magdalenian phase, made from ander (usually 
reindeer). It is usually perforated near the juncture of the 
main body and the two major branches of the antler. The 
function of these artifacts is not clear; suggestions have in­
cluded spear-shaft straighteners, and thong softeners, as well 
as magical or symbolic devices (such as a sign of authority; 
thus, the name). 

See also Magdalenian; Spear; Upper Paleolithic. [N.T., KS.] 

Baton de eommandement. Scale i5 1 em. 

Beidha 
A preceramic village site in southern Jordan excavated in the 
1950s-1960s by D. Kirkbride. The earliestlevels atthe site are 
a Natufian occupation consisting of a cluster of circular stone­
lined hut foundations. These are followed by numerous Pre­
Pottery Neolithic occupations dating to 9-8 ka. Throughout 
the Neolithic sequence, there is a gradual shift from round sin­
gle-chamber semisubterranean dwellings to rectangular mul­
tichamber dwellings with plaster floors. Ornamental objects, 
such as perforated shells, bone, and stone beads, were com­
mon. Several flakes from Anatolian obsidian sources indicate 
connections with regional long-distance exchange routes. 
Burials of six adults and 20 juveniles were found within the 
site. Several bodies had been defleshed prior to burial. Two of 
the adults were missing their crania, a mortuary ritual also ob­
served in Natufian sites. Numerous ground-stone querns (sad­
dle-shaped grindstones) and mortars indicate the processing 
of cultivated cereal grasses, and impressions of barley have 
been found in clay and plaster from the site. Most of the 
flaked-stone tools are arrowheads, and the faunal remains 
from this site attest to the hunting of gazelle, ibex, and wild 
cattle. Remains of domesticated goat are also present. 

See also Asia, Western; Natufian. [J.J.S.] 

Belohdelie 
A locality in the Middle Awash region in the Afar Rift of 
Ethiopia at which several fragments of a Pliocene hominid 
cranium were found in 1981. This fossil specimen (compris­
ing three adjoining and four isolated fragments representing 
a large part of the right frontal), was found in the Sagantole 



Formation ca. 11 m below a volcanic ash, the Cindery Tuff. 
This fossil, dated to ca. 3.9 Ma, has been provisionally as­
signed to Australopithecus aforensis. It appears to preserve a 
relatively primitive australopith cranial morphology. 

See also Africa, East; Australopithecus afarensis; Middle 
Awash. [N.T., K.S.] 

Beryllium and Aluminum Nuclide Dating 
Age estimates for relatively young (latest Pleistocene and 
Holocene) geomorphic surfaces such as moraines and allu­
vial fans are obtained by determining the in situ production 
of the nuclides 26 AI and lOBe in the surface of rocks subjected 

to cosmic-ray bombardment. The cosmogenic exposure age 
is calculated according to a model that incoporates the 
changing geomagnetic field strength, field strength and 
rigidity relationships, and latitude-longitude corrections for 
muon flux as it affects the production of the isotopes. The ef­
fect of geomagnetic field variations is highest at high alti­
tudes and low latitudes. 

See also Calcium-41 Dating; Geochronometry; Radiocarbon 
Dating. [J.A.V.C] 

Further Readings 
Bierman, P.R., and Clapp, E.M. (1996) Estimating geologic 

age from cosmogenic nuclides: An update. Science 
271:1606. 

Biache-St. Vaast 
Open-air site in northwestern France (Pas-de-Calais) located 
on a river terrace that has yielded both hominid fossils and 
an early Middle Paleolithic industry. The hominid occupa­
tion ofBiache dates to 175 Ka by thermoluminescence (TL) 
and probably occurred during relatively warm phases in the 
penultimate (Saalian or Rissian) glaciation. The principal 
occupation floor, Level IIa, has been heavily faulted by tec­
tonic pressure. Archaeological remains from Biache feature a 
Middle Paleolithic industry with abundant laminar Levallois 
debitage but no handaxes. Many of the Levallois tools are 
elongated points or pointed blades that wear studies suggest 

- .. 

Lateral view of the Biache hominid. 

BILZINGSLEBEN 

were hafted. The Biache hominid consists of the back part of 
a skull and parts of the upper jaw and dentition; it is proba­
ble that the whole skull was fossilized, but the remaining 
parts were not recovered. The partial vault is thin but is de­
rived from a subadult individual. Brain size was quite small, 
with an indicated capacity of ca. 1,200 ml. The overall cra­
nial form is decidedly Neanderthal-like, with a spherical 
shape when viewed from behind and an occipital chignon, 
very reminiscent of the form of the later La Quina Nean­
derthal skull. In addition, there is a prominent occipitomas­
toid crest and a suprainiac fossa. There is little doubt that 
the specimen represents a member of an early Neanderthal 
population, and it also provides a morphological link be­
tween earlier specimens, such as Swanscombe, and the later 
Neanderthals. 

See also Archaic Homo sapiens; La quina; Levallois; Nean­
derthals; Swanscombe. [CB.S., J.J.S.] 

Biberson, Pierre (1909- ) 
French geologist and archaeologist. Biberson's main contri­
bution was a long series of papers, published during the 
1950s and 1960s, relating srone-rool cultures to climate and 
sea-level changes in the North African Pleistocene. In 1954, 
at Sidi Abderrahman near Casablanca (Morocco), Biberson 
discovered fragments of an adult hominid mandible in a stra­
tum dated as late Middle Pleistocene. In 1955, these frag­
ments were described by C Arambourg, who concluded that 
they belonged to a form of hominid closely related to the 
Tighenif Homo erectus. Biberson also described the stone 
tools recovered from the quarry at Sidi Abderrahman, be­
longing to the so-called Moroccan Pebble culture. 

See also Arambourg, Camille; Sidi Abderrahman; Tighenif. 
[ES.] 

Biface 
Strictly speaking, an artifact that is flaked on two different 
faces (surfaces) of a piece of stone, such as bifacial choppers, 
handaxes, or projectile points. The term is often used to de­
scribe the large Acheulean artifacts of the handaxe/pickl 
cleaver/knife variety made on nodules or large flakes. This 
can be something of a misnomer though, since in some typo­
logical systems unifacial picks or handaxes still go into the bi­
face category; at present, however, there is no other generic 
term for describing these large Acheulean forms. 

See also Acheulean; Cleaver; Handaxe; Stone-Tool Making; 
Takamori. [N.T., K.S.] 

Bilzingsleben 
Open-air site in eastern Germany near Erfurt containing 
travertine deposits from which fossils and archaeological 
residues have been recovered, primarily since 1973. The site, 
which sits on the edge of a lake and has been exceptionally 
well preserved by travertine deposits, dates from a Middle 
Pleistocene interglacial (Holsteinian?), and a date of ca. 280 
Ka appears likely, although some determinations have sug-
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gested an age in excess of 400 Ka. Dense concentrations of 
boulders, animal bones, and stone tools occur in several 
patches at the site. Several of these concentrations have been 
interpreted as the foundations of structures, perhaps huts or 
windbreaks. Hearths and flint-working areas have also been 
identified. The lithic assemblage from Bilzingsleben features 
a few large flakes but is generally small and does not feature 
handaxes. Bilzingsleben contains many pieces of antler that 
appear to have been shaped into picks or digging tools, as 
well as preserved wooden artifacts. Smaller pieces of bone 
and ivory appear to have been shaped into pointed forms and 
then polished by use, while others bear incisions that some 
scholars see as intentional markings rather than the by-prod­
ucts of butchery and naturally caused damage. 

The hominid specimens, consisting of ca. 25 cranial 
fragments and seven molar teeth, probably derive from two 
to three individuals. The main pieces are a fragment of 
strongly built browridge and an occipital bone that is small, 
thick, and angled, with a developed occipital torus. A tem­
poral has not yet been described. Cranial capacity was prob­
ably less than 1,200 ml, and the hominid has been classified 
as a new subspecies: Homo erectus bilzingslebenensis. Yet, de­
spite the absence of critical areas of the cranium (e.g., the 
parietal regions), it is apparent that the hominid fragments 
also resemble other Middle Pleistocene specimens from Eu­
rope and Africa, such as Saldanha, that many regard as repre­
senting "archaic Homo sapiens." 

See also Archaic Homo sapiens; Early Paleolithic; Europe; 
Homo erectus; Saldanha. [J.J.S., A.S.B., CB.S.] 

Biochronology 
Geohistorical analysis that divides time according to sequences 
of reconstructed paleobiological events. The events in question 
are primarily the evolution or extinction of taxa or groups of 
taxa, but also include expansions and contractions in geo­
graphic range, which may be seen as immigration events and 
local extinction events, respectively. The fossil record provides 
the evidence on which these historical interpretations are 
based, but the accuracy by which fossil occurrences reflect ac­
tual events is reduced by every circumstance that prevents a fos­
sil from being preserved, observed, and identified. In other 
words, the diachrony (time variation) in biostratigraphic corre­
lation is always greater than the true diachrony of the causative 
event. Biochronology, being probabilistic and predictive rather 
than actualistic, is not so dependent on the limitations of the 
fossil record. This makes it more appropriate where fossils are 
scarce, as in continental vertebrate paleontology or in correlat­
ing between different biofacies. 

In recognition of the inherent difference between the oc­
currence of fossils and the historical events that they suggest, 
stratigraphers have adopted the acronyms FAD (First Appear­
ance Datum) and LAD (Last Appearance Datum), and variants 
thereon, for stratigraphic range limits. The intention is to end 
careless use ofinterpretive terms such as evolution, immigration, 
or extinction in objective descriptions of fossil distribution. 

See also Extinction; Stratigraphy; Time Scale. [J AVC] 

Further Readings 
Berggren, w.A., and Van Couvering, J A (1978) 

Biochronology. In G.Y. Cohee, M.E Glaessner, and 
H.D. Hedberg (eds.): Contributions to the Geological 
Time Scale (Studies in Geology No.6). Tulsa: Ameri­
can Association of Petroleum Geologists, pp. 39-56. 

Biomechanics 
The term biomechanics is often used as if synonymous with 
the study of functional morphology, but more properly it 
refers to the application of basic physics to biology-specifi­
cally, the study of forces and their effects in biological sys­
tems. In most anthropological cases, it concerns forces in the 
musculoskeletal system. Forces may be external-that is, 
outside of the structure, including gravity, air resistance, in­
ertia, muscle action, or ground reaction forces (reaction of 
the ground equal and opposite to the foot pushing down on 
it). External forces are often referred to as loads. Forces also 
may be internal, such as the reaction of structures to exter­
nally applied loads and their resistance to those loads. Inter­
nal forces are usually referred to as stresses. The deformation 
of a structure in response to stress is called strain. 

Forces have four characteristics: magnitude, direction, 
line of action, and point of application. As such, forces can 
be represented as mathematical vectors that have the same 
four characteristics. When two or more forces are acting in 
the same plane and on the same point, biomechanics pro­
vides methods for finding their combined effect as a single 

b:--:-: 
c: 

Moment of the load = Wt x c 
Moment of the biceps brachii = B x b 
Moment of the brachialis = A x a 

Wt 

1 

Model of a human forearm holding a load. The weight of the book held 
in the hand will tend to extend the elbow which is resisted by two elbow 
flexors. the biceps brachii and the brachialis. The thick arrows are vectors 
representing the force of each muscle. The four components of a force, 
magnitude, direction, line of action, and point of application, are 
represented by the length of the shaft, the head of the arrow, the 
orientation of the shaft, and the end of the arrow, respectively. Each 
vector has been resolved into a component acting parallel to the forearm 
bones, and one perpendicular to them (A and B). The parallel 
components tend to push the bones together at the elbow joint. Only the 
perpendicular components (A and B) can cause flexion (resist extension) 
and are therefore refirred to as the effictive components. The tendency for 
the book (load) to extend the elbow is called its moment or torque, and is 
equal to the weight of the book multiplied by the perpendicular distance 
to the pivot point (c = load arm). This is resisted by the muscle moments, 
which are equal to the effictive components of the muscle forces (A and B) 
multipllied by their perpendicular distances to the pivot point (a and b = 
lever arms). Since b is longer than a, the biceps brachii is said to have 
better leverage to produce flexion at the elbow than the brachialis. 
Courtesy ofS. G. Larson, by L. Betti. 



force known as the resultant, It also includes methods for re­
solving a force into separate components acting in particular 
directions, such as the component of the ground reaction 
force that supports the body compared to the component 
that tends to accelerate the body forward. Often, resolution 
of forces into their components is done in order to find the 
overall resultant of those forces, A body is said to be in equi­
librium when it remains at rest (static equilibrium) or is in 
motion with constant velocity (dynamic equilibrium). Stat­
ics is the study of the external effects of forces on a body in 
equilibrium. If two or more coplanar, nonparallel forces are 
acting on a rigid body, a force equal and opposite to their re­
sultant must act on the body to maintain equilibrium. That 
force is known as the equilibrant. Dynamics is the study of 
the action of forces on bodies not in equilibrium. Included 
in dynamics are kinematics, which deals with a description 
of movement, and kinetics, which concerns the forces that 
act to produce motion. In dynamics, movement is defined as 
change of position (distance); speed is defined as the rate of 
change of position (distance over time); velocity is speed in a 
given direction; and acceleration is the rate of change of 
velocity. 

In the musculoskeletal-linkage system, one is often con­
cerned with the rotation of a limb segment at a joint, and, in 
this case, one must consider not linear velocity but angular ve­
locity-that is, the rate of rotation of a segment around a 
pivot. Angular acceleration, then, refers to the rate of change 
of angular velocity. The tendency for a force to cause rotation 
of a segment around some pivot is called the moment or torque 
of a force and is equal to the magnitude of the force multiplied 
by its perpendicular distance to the pivot (lever arm). Muscles 
represent forces acting on limb segments to produce this rota­
tion, and, since the moment they can produce is influenced by 
the length of their lever arms, the attachment sites of muscles 
vary in different taxa to alter the muscle's leverage at a joint. 

See also Bone Biology; Evolutionary Morphology; Functional 
Morphology; Musculature; Skeleton; Skull; Teeth. [S.G.L.] 

Further Readings 
Biewener, A.A., ed. (1992) Biomechanics-Structures and 

Systems: A Practical Approach. Oxford: Oxford Uni­
versity Press. 

Hildebrand, M. (1988) Analysis of Vertebrate Structure. 
3rd ed. New York: Wiley, pp. 443-464. 

Bipolar Technique 
Technique of stone working in which the core is placed on an 
anvil stone and struck from above with a stone percussor. By 
this technique, flakes can be detached from either end of the 
core. These flakes tend to have thin or punctiform platforms 
and a subtle, flattened, or sheared bulb of percussion. The re­
sultant core, sometimes called an outil ecaille, tends to be 
barrel shaped in planform and rather thin, with flakes usu­
ally removed from either end. This Paleolithic technique can 
be found from the Early Stone Age to modern times. 

See also Stone-Tool Making. [NT, K.S.] 

BLACK, DAVIDSON 

Bipolar core, or Dutil ecaille Scale is 1 em. 

Birdsell, Joseph B. (1908-1994) 
American anthropologist/human biologist and collaborator 
ofN.B. Tindale. His Australian surveys of genetic and phys­
iognomic variation resulted in the tri-hybrid theory of Aus­
tralian origins, involving threefold migrations by Negritoid, 
Murrayian, and Carpentarian elements from Southeast Asia. 
He also made major contributions to modern notions ofhu­
man micro evolution and paleodemographic forces in human 
populations. 

See also Australia; Tindale, N.B. [ES.] 

Bishop, Walter William (1931-1977) 
British geologist. "Bill" Bishop was the leading authority on 
African Cenozoic geology, especially of the fossil-bearing 
sediments of the East African Rift Valley. A member of the 
Uganda Geological Survey and director of both the Uganda 
Museum (1962-1965) and the Yale Peabody Museum 
(1976-1977), Bishop also held academic positions in British 
universities. From 1956 to 1971, he was co-organizer of the 
East African Geological Research Unit, which put British 
doctoral students in the field to work out the geology of rift­
valley strata. Bishop's students discovered many sites, includ­
ing Chemeron, Chesowanja, Kapthurin, Lukeino, Ngorora, 
and Mpesida, in the Baringo Basin. His own work included 
valuable studies of fossils and stratigraphy at Kaiso, Moroto, 
Napak, Songhor, and Fort Ternan and the description of the 
Moroto "Proconsul major" (now Morotopithecus bishopi). 

See also Baringo Basin/Tugen Hills; Chesowanja; Fort Ter­
nan; Kapthurin; Napak; Songhor. [ES.] 

Black, Davidson (1884-1934) 
Canadian anatomist and paleoanthropologist. Black began 
his career as a lecturer at (Case) Western Reserve University 
in 1909. In 1918, he was appointed professor of anatomy at 
the Peking Union Medical College; later he was given added 
responsibility as director of the Cenozoic Laboratory, Geo­
logical Survey of China. While he long harbored an interest 
in paleoanthropology, as well as a conviction that Central 
Asia had been the homeland of the genus Homo, it was not 
until 1927 that Black's paleoanthropological career was 
finally launched. At that time, a hominid lower molar was 
discovered at Zhoukoudian, near Beijing. From this single 
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tooth, Black hypothesized the existence of a previously un­
known hominid genus and species, which he called Sinan­
thropus pekinensis. Between 1929 and 1932, he supervised a 
spectacular series of fossil discoveries at this site that essen­
tially confirmed his original diagnosis, although the material 
is no longer considered as a species separate from Homo erec­
tus. Further discoveries at this site were made shortly after his 
death. 

See also Homo erectus; Weidenreich, Franz; Zhoukoudian. 
[ES.] 

Blackwater Draw 
Stratified Paleoindian locality on the Llano Estacado (New 
Mexico). The site conrained a series of seep springs, which 
formed a large, deep pond. The sediments that ultimately 
filled the spring and associated channel have yielded a strati­
fied, three-part succession of Paleo indian cultures. The basal 
grey-sand level contained elephant remains and Llano arti­
facts, including Clovis points, prismatic blades, and bone 
projectile-point tips. A brown-sand level separated these 
Clovis materials from diagnostic Folsom artifacts contained 
in a diatomaceous earth zone. The overlying carbonaceous 
silts yielded Plano-culture artifacts. 

See also Americas; Clovis; Folsom; Llano Complex; Paleoin­
dian; Plano. [D.H.T.] 

Blade 
Flake that is at least twice as long as it is wide, typically with 
straight, parallel sides and struck from a specially prepared 
blade core. Standardized blade cores often have a cylindrical 
or conical shape for the mass production of a quantity of 
blades, but they can take on a variety of shapes. Blades may 
be produced by hard-hammer percussion, soft-hammer per­
cussion, indirect percussion (the punch technique), or pres­
sure flaking. Blade (Mode 4) industries, especially character­
istic of Late Paleolithic and many later technologies, were 
often produced with a punch technique. Blades can be used 
without further modification or may serve as blanks for pro-

Upper Paleolithic prismatic blade core with .front and side view of 
removed blade blank. From F Bordes, The Old Stone Age, 1968, 
McGraw-Hill, with permission. 

ducing such tool forms as endscrapers, burins, backed 
blades, and awls. In some areas, notably North America, the 
term blade has also been used for large, elongated, bifacially 
flaked projectile points or knives, which has led to some 
confusion. 

See also Awl; Burin; Late Paleolithic; Prepared-Core; Scraper; 
Stone-Tool Making. [NT., K.S.] 

Blombos 
Cave site on the South African coast ca. 240 km east of Cape 
Town containing Middle and Later Stone Age horizons. The 
Middle Stone Age horizons have yielded cylindrical bone 
points, drilled ocher slabs, incised bone fragments, and 
finely flaked bifacial Stillbay points. The associated fauna in­
cludes large fish, suggesting greater economic and techno­
logical sophistication than documented elsewhere for the 
MSA in South Africa. Dating of the site by several tech­
niques (ESR, Uranium series, amino acid racemization) sug­
gests that the Stillbay levels may be comparable in age or 
even older than the Howieson's Poort industry, which in turn 
is dated to ca. 80-65 Ka at most sites. 

See also Bone Tools; Economy, Prehistoric; Katanda; Klasies 
River Mouth; Middle Stone Age; Modern Human Origins; 
Paleolithic Lifeways; Stillbay. [A.S.B.] 

Further Readings 
Henshilwood, C, and Sealy, J. (1997) Bone artifacts from 

the Middle Stone Age at Blombos Cave, Southern 
Cape, South Africa. Curro Anthropol. 38:890-895. 

Bodo 
Stratified site III Central Ethiopia, spanning the Early 
Pliocene (4.5 Ma) to the Late Middle Pleistocene (ca. 0.2 
Ma) according to KlAr and fission-track dating combined 
with faunal analysis. 

The Bodo Basin, on the eastern side of the Middle 
Awash study area in the the Afar Valley, exposes a strati­
graphic sequence divided into Lower, Middle, and Upper 
units dated to the Early Pliocene, the Early Pleistocene, and 
the Middle to Late Pleistocene, respectively. While verte­
brate fossils are abundant throughout the sequence and 
Oldowan-style tools have been recovered from the Middle 
Bodo Beds, the only hominid remains are from the Upper 
Bodo Beds in association with abundant archaeological ma­
terial belonging to the Acheulean Industrial complex to­
gether with small-tool occurrences that resemble the Devel­
oped Oldowan. Possible traces of fire are reported to be 
associated with some of the archaeological occurrences. 

In 1976, a massive, adult, presumably male, specimen 
with large face and thick cranial vault was recovered from the 
Upper Bodo Sand Unit in the lower part of the Upper Bodo 
Beds by A. Asfaw in a team led by J.E. Kalb. Contemporary 
fauna is Middle Pleistocene in age, which dates on underly­
ing tephra confirm. The specimen was found resting on 
the surface of a sandy gravel layer containing abundant 
Acheulean tools. The cranium bears striking resemblances to 



Facial view of the Bodo 1 human fossil from Middle Pleistocene deposits 
in the Middle Awash Valley, Ethiopia. Photo by and courtesy of Tim D. 
White. 

the Kabwe (Broken Hill) specimen from Zambia, the Pe­
tralona specimen from Greece, and some of the Sima de los 
Huesos crania from Spain. In many morphologic features, 
the specimen is intermediate between advanced Homo erec­
tus and "archaic Homo sapiens," and its taxonomic status is 
under debate. A second fossil, a fragment of parietal, was 
found in 1981 ca. 400 m from the original find, and addi­
tional postcranial remains were found in 1990. The latter 
represent a second (and possibly third) hominid individual. 
The 1976 Bodo cranium bears fine, artificial, perimortem 
striations on the face and the vault and within the orbit. 
These have been interpreted as cutmarks indicating an inten­
tional defleshing by another hominid wielding a stone tool. 

Lateral view of the Bodo partial cranium. 

BONE BIOLOGY 

See also Acheulean; Afar Basin; Africa, East; Archaic Homo 
sapiens; Homo erectus; Kabwe; Middle Awash; Petralona. 
[TD.WJ 

Further Readings 
Clark, J.D., Asfaw, B., Assefa, G., Harris, J.WK., 

Kurashina, H., Walter, R.C., White, TD., and 
Williams, M.A.J. (1984) Palaeoanthropological discov­
eries in the Middle Awash Valley, Ethiopia. Nature 
307 :423-428. 

Conroy, G.c., Jolly, c.]., Cramer, D., and Kalb, J.E. (1978) 
Newly discovered fossil hominid skull from the Afar 
Depression, Ethiopia. Nature 275:67-70. 

White, TD. (1986) Cutmarks on the Bodo cranium: A case 
of prehistoric defleshing. Am. J. Phys. Anthropol. 
69:503-509. 

Boker Tachtit 
An open-air site in the Central Negev, Israel, excavated in the 
late 1970s under the direction of A. Marks. Boker Tachtit 
dates to 47-35 Ka and consists offour main levels, each con­
taining dense scatters of lithic debris around hearths. These 
levels, numbered 1-4 from bottom to top, contain a se­
quence spanning the Middle-Late Paleolithic transition. At 
the base of the sequence, stone tools are produced by primar­
ily bidirectional flaking in a characteristically Middle Pale­
olithic technique. Through Levels 2-4, this production 
method is gradually replaced by unidirectional flaking, a 
characteristically Late Paleolithic technique. Throughout 
this sequence, the types of stone tools being produced re­
main largely the same. For example, Emireh points are made 
primarily on short triangular flakes in Levelland primarily 
on long pointed blades in Level 4. This pattern of technolog­
ical change and typological continuity has been interpreted 
as evidence of cultural continuity across the Middle-Upper 
Paleolithic transition. 

See also Asia, Western; Emiran; Emireh Point; Upper Pale­
olithic. (J .J-S.] 

Bone Biology 
The study of human evolution depends heavily on compar­
isons of bones and teeth, the hard tissues most commonly pre­
served as fossils. Traditionally, such comparisons have analyzed 
variation in the size and shape of anatomical structures in order 
to reconstruct past lifeways and evolutionary change. Another 
approach to the study of hard tissues emphasizes the cellular 
processes by which a bone is formed and remodeled rather 
than the resultant form itself. The following discussion sum­
marizes what is known about these processes in human bone. 

Bone Behavior 
Three types of cells are involved in the formation and main­
tenance of bone: osteoblasts, osteocytes, and osteoclasts. Os­
teo blasts secrete collagen and organic matrix, which is then 
hardened, or mineralized, with calcium and phosphate salts 
to form bone tissue. These bone-forming cells are active dur­
ing growth, maintenance, and repair of bone. At intervals 
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Bone cells form and remodel the skeleton. Although the structure and 
distribution of bone through the skeleton is undoubtedly outlined by 
genetic instructions, the final form will depend on the balance of messages 
sent to the cells by hormonal, biomechanical, and other foctors. 

that depend on the rate of bone growth and the location in 
the skeleton, these cells settle and surround themselves with 
their own products. These entombed cells are referred to as 
osteocytes, and the spaces they occupy are called osteocyte 
lacunae. All osteocytes within a bone are coupled to their 
nearest neighbors by slender processes forming an intercon­
nected network ofliving cells throughout the hard extracel­
lular matrix. It is likely that these cells monitor the integrity 
and strength of bone and communicate this information to 
the osteoblasts, which make any necessary adjustments to 
the properties of the bone such as its volume and geometry. 
Mineralized bone is resorbed by osteoclasts, which demineral­
ize the bone surface and consume the organic components. 
In so doing, they create small pits called osteoclast lacunae. 
Osteoclasts are responsible for the wholesale removal of bone 
during the resizing and shaping of bones during growth; they 
ream out cylindrical shafts of bone for the incorporation of 
new blood vessels (Haversian systems); and they reduce bone 
volume when the customary functional strains are reduced. 
These bone-resorbing cells also tap the reservoir of calcium 
and phosphates stored in bone and release them into the 
bloodstream when levels are low. 

The two processes, bone resorption and deposition, by 
their patterning over the surfaces of growing bones and their 
rates of activity, are responsible for the form and composi­
tion of the skeleton. It is clear from species-specific bony 
structures that these processes are guided by genetic instruc­
tions and epigenetic influences (controls exerted by the ge­
netically determined growth and form of other tissues). It is 
equally clear from studies of bone physiology, however, that 
these processes respond quite readily to environmental con­
ditions. Environmental circumstances are conveyed to the 

cells via at least two channels of communication: through 
hormonal messages that are themselves a response to circu­
lating levels of calcium and phosphates in the bloodstream, 
and possibly through the generation and movement of elec­
trical potentials between osteocytes when a bone is function­
ally strained. In the presence of disease, local immune and re­
pair responses also influence the behavior of bone cells. 

Bone Structure and Function 
It has long been recognized that the shape and the internal 
structure of a given bone are well suited to the mechanical 
demands placed on it. This recognition has led to the search 
for "laws" that define the relationship between a bony struc­
ture and its function. One of the earliest statements of this 
kind, popularized as Wolff's Law, suggested that the trabe­
culi, or the internal struts within a bone, are oriented along 
the major pathways of stress acting on that bone. More gen­
erally, this principle has been stated as the tendency for bone 
to be laid down where it is needed mechanically and resorbed 
where it is not. This trajectory theory was supported by W. 
Roux's biomechanical analysis of a pathological knee, in 
which he showed that the observed pattern of trabeculi coin­
cided with the amounts and distribution of abnormal stress 
caused by the pathology. Such theories of functional adapta­
tion have been criticized for their failure to recognize the 
soft-tissue context of a bone and the dynamic nature of both 
bone and positional behavior. 

More recently, F. Pauwels has used photoelastic tech­
niques to test the trajectory theory. His work suggests that, 
overall, anatomical structures, including muscles and liga­
ments as well as the bones themselves, function to reduce 
bending stresses within bones. Furthermore, experimental 
work by L. Lanyon and others suggests that bone-cell behav­
ior may be guided by several biomechanical characteristics, 
including not only stress distribution and magnitude but 
also the history of previous remodeling and the rates at 
which stresses change. 

Bone As a Record of Life History 
After certain critical stages of embryological development, the 
cells taken from a particular bone will assume the general form 
of that bone even when grown in culture or transplanted to an­
other part of the body. This canalization, as well as species­
specific patterns of overall growth and aging, indicate that ge­
netic factors play an important part in the development of the 
functional skeleton. Yet, the final size and material properties 
of a bone depend also on dietary, hormonal, and biomechani­
cal factors. Nutritional deprivation and other stresses affecting 
growth hormones can result in smaller body size and skeletal 
dimensions. If the stress is relieved before too long, then the 
body and the bones exhibit "catch-up growth" and attain their 
normal size. Use and disuse of bone lead to changes in the vol­
ume of bone that are consistent with the levels of functional 
strain. Consider the professional tennis player, for example, 
who exhibits a dramatic increase in the girth of the bones of 
the swinging arm in contrast to the balancing arm. 

The potential impact of environment on bone form 
and size during adulthood may be considerably less than 



during the growth period, perhaps amounting to small ad­
justments in bone density and size assuming only minor 
changes in function. A susceptibility to the hormonal envi­
ronment may return in later life, as when loss of estrogen 
production in postmenopausal females is associated with a 
reduced ability to maintain bone volume. This is called os­
teoporosis. At this time in the life cycle, dietary andlor bio­
mechanical insults may result in pathological conditions 
rather than in adjustments in form. 

In summary, bone structure and integrity can be seen as 
a record oflife-history events. That record results from inter­
actions between an underlying genetic program of develop­
ment and aging, environmental stresses, and changes in 
function that occur throughout the life cycle. 

Applications of Skeletal Biology 
Two fields in particular have explored the implications of 
bone biology for human evolution and adaptation. One 
of these, bioarchaeology, concerns itself primarily with the 
study of prehistoric cemetery populations. It has used a 
largely statistical approach to document environmental per­
turbations in processes of growth and development and to 
describe the biological success and health of prehistoric pop­
ulations. A few studies in this field have alternatively empha­
sized traits whose expression may be largely canalized and 
thus useful as measures of genetic distance. Combined with 
archaeological data, genetic distance measures, signs of 
growth disruption, disease, and dietary inadequacies have re­
vealed much about recent human adaptations. 

Another area of research explores the plasticity and bio­
mechanical properties of primate bone subjected to func­
tional stresses. It often includes the use of bone-histology 
techniques to monitor bone behavior after experimentation 
(muscle removal, dietary manipulation, implants). Other re­
searchers study the relationship between form and function 
through analyses of how forces (e.g., muscle forces during 
chewing or locomotor forces) are transmitted through 
bones, through analyses of the cross-sectional geometry and 
mass distribution of bone material (bone shape and volume), 
and through the study of the density, elasticity, and orienta­
tion of the fibrous organic component (collagen) of bones. 
Physical anthropologists focus their research in these areas 
on practical orthopedic and orthodontic problems, working 
closely with medical and dental experts, and have con­
tributed much basic research applicable to paleobiological 
reconstructions of fossil primates and hominids. 

Skeletal Biology and Paleo anthropology 
The cellular and tissue properties of fossil bones and teeth 
have become an important focus in paleoanthropology. 
The fossilized record of bone-cell behavior, combined with 
more traditional functional anatomy, offers the paleoan­
thropologist new insights into prehistoric lifeways. Studies 
using scanning electron microscopy of the pattern of bone­
forming and -resorbing activities on fossil hominid bones 
has provided a dynamic view of their growth and develop­
ment (ontogeny). These studies illustrate a certain taxo­
nomic specificity to early hominid growth patterns and, as 
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such, may be used in phylogenetic analyses as ontogenetic 
characters. Differences in the timing of growth, develop­
ment, and aging, as well as in the impact of environmental 
insults on developmental processes, have come from exami­
nations of teeth, including various markers of incremental 
growth and hypoplasias. 

See also Archaeology; Forensic Anthropology; Ontogeny; Pa­
leo pathology; Skeleton. [C].D., T.G.B.J 
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Bone Tools 
Bone is a softer, more resilient, and more flexible, material 
than stone, lending itself to the manufacture of tools that re­
quire strength, flexibility, and a sharp edge or point. Needles, 
points, and awls of bone are less likely to snap under the tor­
sional stress of penetrating leather, skin, wood, and the like 
than similar objects of stone. Stone, however, especially 
glassy materials such as obsidian, can attain and retain a 
sharper edge, making it a preferred material for cutting 
implements. 

The earliest bone tools have been a subject for much 
debate on every continent. When the early australopiths of 
South Africa did not appear to possess a lithic industry, 
R.A. Dart argued that the differential representation of var­
ious skeletal elements at the site of Makapansgat, together 
with the evidence of crushing and impact damage on many 
bones, suggested that australopiths used tools of bone, 
tooth, and horn instead, an Osteodontokeratic culture. 
These aspects of the faunal assemblage were later shown by 
CK. Brain to be due to taphonomic effects, especially pre­
dation by hyenas, who had differentially broken and de­
stroyed marrow-bearing bones and inflicted heavy damage 
on many bone fragments. Brain also noted the presence of 
two pointed implements from the later South African site 
of Swartkrans that could not be explained as hyena damage 
but were more likely the product of repeated use as digging 
sticks. Other bone tools, mostly modified by use rather 
than deliberate design, have been reported from Early Pale­
olithic sites in Africa and elsewhere. These include anvils, 
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hammers or percussion implements, splintered pieces or 
wedges, and roughly pointed digging implements. A few 
pieces of large mammal bone show evidence of deliberate 
flaking; at least one biface in bone is known from the Early 
Paleolithic of Italy. Such artifacts seem to represent an at­
tempt to transfer evolving lithic technologies to bone, 
rather than the invention of new technologies for this very 
different material. 

The discovery of bone's unique properties during the 
Early Paleolithic is indirectly reflected in the development 
of soft-hammer percussion for flaking stone. Since bone 
(and wood) absorb some of the energy of the blow, the resul­
tant flake is flatter, and the bulb of percussion less pro­
nounced, than with hard-hammer percussion (stone-on­
stone technique). 

A few Middle Paleolithic sites in Europe, Africa, and 
western Asia contain roughly shaped bone awls for piercing. 
Earlier implements described as "awls" are not usually suffi­
ciently pointed to have had a definite piercing function (e.g. 
those from Bilzingsleben in Germany). Most often, these 
Middle Paleolithic pieces retain an unmodified end, often 
the epiphysis, which served as a handle. In general, Middle 
Paleolithic bone tools reveal little of the careful shaping 
and polishing that is characteristic, indeed diagnostic, of 
the Upper or Late Paleolithic. The regular detachment of 
long-bone splinters by using a burin to incise parallel grooves 
in a long bone is also seen as an Upper or Late Paleolithic 
phenomenon. 

Exceptions to the relative lack of carefully shaped bone 
tools in the Middle Paleolithic are found in Africa at several 
sites. Shaped bones with marginal notches are recorded from 
Klasies River mouth in southern Africa, while at Katanda in 
eastern Zaire three sites with Middle Stone Age industries 
dated to ca. 80-60 Ka yielded shaped and polished bone 
points with both barbs and basal shaping for hafting. At 
Blombos Cave in South Africa, cylindrical bone points are 
associated with fish remains, drilled ocher plaques, and Mid­
dle Stone Age points of the Still bay industry. 

In the Upper or Late Paleolithic, techniques for detach­
ing and polishing bone splinters became widespread. Bone 
points with varying basal configurations-split base, bevel 
base, pointed base, ringed base, notched base-suggest ex­
perimentation with different kinds of hafted projectile tech­
nology. Bone also continues to be formed into piercing im­
plements for hide-working, although Upper Paleolithic awls 
tend to be more carefully and thoroughly polished along 
much of their length than those of the Middle Paleolithic. 
Bone spatulas, lissoirs or smoothers, flat daggers, and perfo­
rated ornaments are also well documented. By 20 Ka, two 
new bone inventions reflect increasing technological innova­
tion. One is the spear thrower, which extended the range 
over which projectile technology was effective. The other is 
the eyed needle, which made possible more elaborate cloth­
ing at a time when climatic deterioration was at a maximum. 
In Africa, innovation in bone technology also increases in the 
Late Paleolithic, reflected in the development of small bone 
linkshafts, which were fixed to a microlithic stone point but 
detachable from the arrow shaft. These indicate the early use 

of poison to increase the effectiveness of projectile technol­
ogy. The detachable arrowhead remains in the animal, deliv­
ering a fatal dose of the poison; the animal's efforts to rub off 
the arrow only remove the shaft. In eastern Zaire, as in 
Botswana, small barbed points with basal shaping to retain a 
line suggest the development of harpoon technology, in 
which a detachable head remains in the animal (most often a 
fish) while the hunter/fisher holds it by a line connecting di­
rectly to the point until the animal tires and dies. Both of 
these developments in Africa are documented before 25 Ka. 

The relative plasticity and softness of bone were also 
conducive to the depiction of images, whether by shaping 
the bone or by engraving outline figures on its surface. These 
are also characteristic of the Upper (or Late) Paleolithic. 

During the final Paleolithic and the Mesolithic or Epi­
paleolithic, bone technology was particularly adapted to the 
utilization of aquatic resources, not only through the pro­
duction of bone harpoons but also in the creation of hooks, 
leisters, and net weights. 

See also Awl; Bilzingsleben; Burin; Dart, Raymond Arthur; 
Harpoon; Katanda; Klasies River Mouth; Modern Human 
Origins: Archaeology and Behavior; Paleolithic Image; Pale­
olithic Lifeways; Stone-Tool Making; Swartkrans; Tsodilo 
Sites. [A.s.B., NT., K.S.J 
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Border Cave 
Middle Paleolithic cave site in the Natal Province of South 
Africa that has produced five important hominid specimens, 
found between 1940 and 1974. The cultural sequence con­
tains an occurrence of an early prismatic blade industry, first 
classified as a local variant of the Pietersburg industry but 
later referred to the Howieson's Poort, stratified between 
more typical flake-based Middle Stone Age (MSA) assem­
blages. Early Late Stone Age occupations dated to 40-35 Ka 
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by radiocarbon cap this sequence. The anatomically modern 
human fossils from this site have excited great interest be­
cause of their possible early Late Pleistocene antiquity. The 
excavator, P. Beaumont, believes that they all derive from lev­
els dated to 141-43 Ka by electron spin resonance (ESR) and 
amino-acid racemization of ostrich eggshell. However, some 
specimens were recovered in rubble from the early commer­
cial guano-mining activities at the cave, while others (e.g., 
BC-3) are burials that might have been intrusive from more 
recent levels, None of the Border Cave specimens displays 
the robusticity seen in other African early Late Pleistocene 
fossils. Although the Border Cave 1 and 2 partial skull, man­
dible, and postcranial fragments were not found during con­
trolled excavations, analysis of the attached matrix of BC-l 
suggests that it may indeed derive from Middle Stone Age 
deposits, BC-3 (an infant burial) was excavated in 1941 from 
a shallow grave cut into the sediments underlying the 
Howieson's Poort horizon, while BC-5 (a mandible) was ex­
cavated in the 1970s from the base of the Howieson's Poort 
horizon. Analysis of bone-mineral features such as crys­
tallinity by A Sillen and A Morris indicates that both of 
these specimens sort with younger faunal elements and are 
probably intrusive into the MSA Two forelimb fragments 
recovered from slumped sediments were found to sort with 
the MSA fauna, Morphometric study of the ulna revealed 
that it is more robust than modern equivalents, perhaps sug­
gesting the greater muscularity typical of archaic humans; 
the humerus showed no special features. BC-l and BC-2 
were also subjected to crystallinity analysis, but the results 
were equivocal, perhaps related to the sampling procedures. 
If these morphologically modern fossils are correctly associ­
ated with the Middle Stone Age horizons, the Border Cave 
specimens would document the earliest known occurrence 
of fully modern humans in southern Africa. 

See also Africa, Southern; Archaic Moderns; Cave of Hearths; 
Homo sapiens; Klasies River Mouth; Later Stone Age; Mid­
dle Paleolithic; Middle Stone Age; Pieters burg. [].J.S., 
AS.B., CB.5.] 
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Bordes, �F�r�a�n�~�o�i�s� (1919-1981) 
Noted French prehistorian who revolutionized European 
Early and Middle Paleolithic systematics in 1950 by creating a 
standard lithic typology consisting of 63 tool types and by fo­
cusing on the entire lithic assemblage, rather than just the most 
characteristic forms, or fossiles directeurs. His excavations at the 
multilayered sites of Combe Crenal and Pech de l'Aze (Dor­
dogne, France) revealed that some of these tool types regularly 
occur together. He interpreted these statistically patterned as­
sociations as reflecting the existence of four distinct tool kits 
(Denticulate, Typical, Mousterian of Acheulean tradition, and 
Charentian with the Quina and Ferrassie subgroupings) and 
argued that they were made and used by different Mousterian 
tribes, each of whom had a distinct stone-tool-making tradi­
tion. This interpretation was subsequently challenged by 
scholars who argued that the variability that Bordes noted re­
flected not only stylistic differences but also functional and 
chronological ones and pointed out differences in the raw ma­
terial used, as well as stages of the reduction sequences. 

See also De Sonneville-Bordes, Denise; Europe; France; Mid­
dle Paleolithic; Mousterian; Pech de l'Aze; Perigord. [0.5.] 

Boucher de Perthes, Jacques (1788-1868) 
French prehistorian. Boucher de Perthes' interest in anti­
quarian studies was first aroused by the archaeological dis­
coveries made by C. Picard (1806-1841), a physician and 
archivist of the local Societe d'Emulation d'Abbeville, in the 
Somme River Valley during the early 1830s. Following his 
lead, Boucher de Perthes began his investigations in 1837. 
During the next decade, he recovered a series of Paleolithic 
artifacts, many of which were found in strata containing the 
remains of extinct fauna, which convinced him of their great 
antiquity. The results of this work were summarized in his 
book Antiquites celtiques et antediluviennes (1847). Prior to 
publication, he sent a copy of this manuscript to the 
Academie de Sciences in Paris in the hope that they might 
endorse it, but his request was rejected. Aside from the on-
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going resistance to the idea that human beings had been co­
eval with extinct animals in antediluvian times, there were 
also technical objections, Not only did the artifacts illus­
trated in the book appear to be a bizarre mixture of recent 
Celtic material and natural stones, there were also apparent 
stratigraphic inconsistencies, not to mention the fact that he 
had couched his entire thesis in a form of catastrophism that 
was "far removed from the mainstream of mid-nineteenth 
century views" (Grayson 1983:129), Although he was not 
without his French supporters, such as E, Lartet (1801-
1871) and 1. Geoffroy Saint-Hilaire (1805-1861), it was 
from the English rather than the French scientific commu­
nity that an endorsement of Boucher de Perthes' claims fi­
nally came, This movement was precipitated in 1858 by the 
paleontologist H. Falconer (1808-1865), who had been re­
sponsible for organizing the excavation of Brixham Cave 
(Devon) under the auspices of the Geological Society of 
London and the Royal Society. Recognizing the similarity 
between the artifacts illustrated in Boucher de Perthes' book 
and those recovered from Brixham Cave, Falconer had vis­
ited Boucher de Perthes in the autumn of 1858. This visit 
consolidated his conviction, and, as a result, he urged his 
skeptical colleague and much-respected geologist ]. Prest­
wich (1812-1896) to make the trip to Abbeville and review 
the evidence for himself The following spring, Prestwich 
made his now celebrated trip to Abbeville in the company of 
the archaeologist J. Evans (1823-1908). They returned to 
England as zealous converts to Boucher de Perthes' claims, 
which were further reinforced by a study of similar river ter­
races in Suffolk, including those where, at the turn of the 
century, J. Frere (1740-1807) had reportedly discovered an­
tediluvian artifacts. The results of their work were summa­
rized in Prestwich's landmark paper delivered to the Royal 
Society on May 26, 1859. The impact of this was, as Fal­
coner's biographer C. Murchison (1830-1879) later noted, 
"a great and sudden revolution in modern opinion, respect­
ing the probable existence of a former period of man and 
many extinct mammalia." While there remained pockets of 
resistance, by the early 1860s Boucher de Perthes was widely 
acclaimed as the founder of the new science of prehistory. 

See also Archaeology; Frere, John; Lartet, Edouard; Pale­
olithic. [F.S.] 
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Boule, [Pierre] Marcellin (1861-1942) 
French paleontologist and geologist. For much of his career, 
Boule occupied the chair of paleontology at the Museum 
National d'Histoire Naturelle in Paris (1902-1936), and for 
many years he was also director of the Institut de Paleontolo­
gie Humaine, also in Paris, established in 1914. He served as 
editor of LAnthropologie from 1893 to 1940. Although he 

was originally trained as a geologist and a paleontologist, and 
with important contributions to the geology of France to his 
credit, Boule became increasingly focused on human paleon­
tology. He is perhaps best remembered for his comprehen­
sive study of the first complete Neanderthal skeleton, found 
at La Chapelle-aux-Saints (France) in 1908, and for his book 
Les Hommesfossiles (1912). Boule was an early supporter of 
the presapiens theory, rejecting the proposition that the Nean­
derthals were the precursors of modern humans. 

See also La Chapelle-aux-Saints; Neanderthals; Presapiens. 
[F.S.] 

Bow and Arrow 
Important technological innovation characteristic of many 
Stone Age groups since the last glaciation, suggesting a shift 
from spear hunting to archery. Archery allows the projectile 
to be propelled at higher velocities and at greater distances 
from the prey, thus increasing the chances of success. The 
smaller projectiles are often used ethnographically to deliver 
poison to the animal's bloodstream, also increasing the likeli­
hood that a hit will result in death rather than escape. The 
earliest direct evidence for archery comes in the form of 
arrow shafts from Stellmoor (Germany), ca. 10.5 Ka; 
mesolithic bows from Scandinavia; and a bow stave from 
Gwisho Springs (Zambia), ca. 3.5 Ka, although small projec­
tile points found in the Upper or Late Paleolithic have been 
considered candidates for arrowheads by some prehistorians. 
Arrowheads could have been made of wood, bone, antler, or 
stone. 

See also Late Paleolithic; Later Stone Age; Mesolithic; Pale­
olithic Lifeways; Upper Paleolithic. [N.T., K.S., A.S.B.] 
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Boxgrove 
The open site of Boxgrove lies near the south coast of Eng­
land and was occupied during a Middle Pleistocene inter­
glacial prior to the Anglian glaciation. It may, therefore, date 
from ca. 500 Ka, about the same age as the Mauer (Heidel­
berg, Germany) site. Hominids used the chalk cliff cut by the 
interglacial high sea level to extract flint nodules, and pre­
served land surfaces contain finished handaxes and knapping 
debris, as well as fossil vertebrates, some showing butchery 
marks. In 1993, a massive human tibial shaft with thick walls 
was recovered from a stratified context. It has been assigned 
to Homo cf. heidelbergensis ( = "archaic Homo sapiens"). 

See also Acheulean; Archaic Homo sapiens; Europe; Mauer. 
[C.B.S., ].].S.] 
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Brain 

The human brain is the largest brain among primates but 
not the largest in either absolute or relative terms among the 
mammals. Accounting for ca. 2 percent of total body weight, 
the human brain consumes ca. 20 percent of our metabolic 
resources at any given time. By all estimates, our brain is 
three times as large as would be expected for a primate of our 
body size, and that fact alone should suggest that our brain is 
an organ of exceptional importance, related to our unique 
cultural and symbolic behavioral adaptations. The brain is 
not a homogeneous mass, however, but a composite of hun­
dreds of nuclear masses and several more hundreds of inter­
connecting fiber tracts. Out uniqueness as a species depends 
both on the size of our brain and on its organization. Trying 
to understand the evolutionary development of the human 
brain is a major challenge, as we have plenty of evidence re­
garding the size of our ancestors' brains but little about their 
organization or how they were used. Perhaps it is a tribute to 
out species that, despite our grim problems of adapting to 
the world, we alone in the animal kingdom can choose to 
study our own evolutionary development. 

The brain is an extraordinarily complex organ. It has 
billions of parts, if one is simply talking about nerve cells. Ba­
sically, these are either firing or not and may be excitatory or 
inhibitive. Thus, there is a digital aspect to the functioning of 
so many components. Whether a nerve cell will fire, how­
ever, also depends on a summation process of thousands of 
inhibitory or facilitative connections with other nerve cells 
and the surrounding neuroglial cells. This is the analogue as­
pect to the brain. To make matters more complex, the brain 
also has both parallel and serial organizations to its many 
components, so that information about the external and the 
internal environments of the animal are evaluated both di­
rectly and indirectly. The brain is hierarchically organized, as 
between its most recent acquired mantle, the grey cerebral 
cortex (neopallium), and the underlying basal ganglia, limbic 
system, and olfactory lobes that make up the telencephalon, 
or forebrain. This division surrounds the underlying dien­
cephalon, the "between brain," which includes the thalamus, 
the epithalamus, the hypothalamus, and the pineal gland or 
body. At a lower level there is the mesencephalon, or "mid­
brain," which is behaviorally a part of the brain stem, con­
taining the tectum and the tegmentum, consisting principally 
of the inferior and the superior colliculi, which are auditory 
and visual in function, respectively. More ancient is the next 
level of structures making up the metencephalon and the my­
elencephalon, consisting of the cerebellum, the pons, the me­
dulla, and the third and fourth ventricles, which are inte­
grated with the spinal cord. 

While it is not strictly true that all parts of the brain are 
connected with each other, the combination of parallel and 
serial, crossed and uncrossed fiber interconnections does 
mean that any complex volitional act involves most, if not 
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all, of the brain working together. No one is certain how 
many genes control the development of the brain and its 
phenorypic expressions, but a rough estimate of 40,000 
genes may, in fact, be conservative. This represents an enor­
mous amount of potential genetic variability for natural se­
lection to work upon. Many of these genes, however, must be 
very conservative, for it is an awesome fact that, despite all 
the variation in different animal species' behavioral reper­
toires (species-specific behaviors), almost all mammals, if not 
vertebrates, have the same components in their brains. The 
human animal does not possess any new structures in its 
brain compared with most other mammals. What seems to 
have occurred during evolution is that certain parts of the 
brain have become enlarged relative to others; in the mam­
mals, particularly the higher primates, this has involved a 
dramatic increase in the cerebral cortex and the underlying 
thalamus, with which it has two-way connections. In the hu­
man animal, the cerebral cortex accounts for ca. 76 percent 
of total brain weight, the highest ratio among primates. In 
the chimpanzee, the cortex is 72 percent of brain weight, and 
in the gorilla, 68 percent. The amount of cortex in humans 
as well as in chimpanzees and macaques is exactly what 
would be expected allometrically for their respective brain 
weights. 

Thus, one of the major challenges facing any scientist try­
ing to understand the evolution of the brain is how to account 
for a complex mixture of conservative and new genetic expres­
sions involved in all of the parts of the brain and how these re­
late to behavior, adaptation, and evolution. Much of our cur­
rent scientific explanation focuses on brain size, as this is 
simple to measure. The more difficult task is to quantify the 
organization of the brain's components and to relate this infor­
mation to evolutionary histories and dynamics among species. 

Lines of Evidence 
Three lines of evidence exist for understanding the evolution 
of the human brain. The first is direct, derived from the study 
of endocasts, and is called paleo neurology. Data about the 
once-living brain are provided by either natural or human­
made casts of the interiors of fossil crania. Such data include 
brain size (volume), convolutional details, traces of the 
meningeal vessels, and overall morphological patterns that 
include shape and asymmetries of the cerebral cortices. In 
life, the brain is covered by three meningeal tissues that 
often prevent the cortical gyri and sulci from being com­
pletely imprinted on the internal table of bone: the pia mater, 
the arachnoid mater (including cerebrospinal fluid), and 
the thick dura mater. It is extraordinarily rare, at least in 
higher primates, for the cortical convolutions to be fully pre­
served on endocasts, and thus the volume of the brain and 
possible asymmetries of the cortices constitute the most reli­
able evidence. 

The second line of evidence is indirect and is provided 
by comparative neuroanatomy. This studies the brains of liv­
ing animals, each an end product of its own line of evolu­
tionary development. In this case, quantitative studies are 
made of the brains of different primates, including the 
neural nuclei and fibers, as well as overall brain sizes, and 
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these data are correlated with variations in behavior. Within 
this line of study, allometry is one of the most valuable tools 
of analysis. 

A third line of evidence, even more indirect, is the study 
of the products once made by hominins, such as stone tools 
and different kinds of archaeological sites that preserve pat­
terns of hom in in behavior. In addition, one can use the skele­
tal remains of hominins to understand locomotor adapta­
tions, such as bipedalism, or to study bone fragments of the 
hands to appreciate manipulatory behavior. These provide 
only the most indirect clues, but major patterns oflocomotor 
adaptation cannot evolve without some reorganization of the 
central nervous system controlling musculoskeletal patterns. 
All three lines of evidence should be used together in the at­
tempt to enlarge our knowledge of human brain evolution, 
as none of them alone is sufficient for such understanding. 

Paleo neurology, or the Study of Endocasts 
The accompanying table (table 1) provides a partial listing of 
the endocranial volumes determined for many of the earlier 
hominins and the methods used. The brain volume in our 
own modern species normally varies from ca. 1,000 to 2,000 
m!, with an average volume of ca. 1,350 to 1,400 ml. No 
convincing relationship has ever been shown berween brain 
volume and behavior, aside from pathological cases, such as 
microcephaly or hydroencephaly, in which behavior is often 
subnormal. Microcephaly is especially interesting, as there 
are recorded cases of human beings having brain volumes less 
than those of some pongids but nevertheless using articulate 
language. This suggests that, while brain size is important, 
the organization of the brain's components is a significant 
contributing factor toward species-specific behavior. 

This range of normal variation, without any known be­
havioral correlates, is about the same as the total evolution­
ary change in brain size from our earliest hominin ancestors, 
Australopithecus aforensis (3 Ma) to our own species, Homo 
sapiens. With the exception of the large-bodied robust aus­
tralopiths, which averaged ca. 525 ml in brain volume, the 
earliest hominins, such as A. aforensis and A. afticanus, had 
brain volumes ranging from 375 ml to ca. 485 m!. When the 
genus Homo appears, currently dated at ca. 2-1.8 Ma, the 
brain volume increases dramatically to ca. 750 m!, as repre­
sented by the KNM-ER 1470 Homo habilis specimen. At 
this time, there is certain evidence for stone-tool making, 
hunting, and scavenging behavioral activities, and archaeo­
logical sites suggesting complex social activities. The endo­
casts show three interesting developments: volume increase 
to ca. 750 ml (and, one supposes, an increase in relative brain 
size), asymmetries of the cerebral cortex suggesting right­
handedness, and a more complex humanlike pattern of the 
third inferior convolution, which includes the famous area of 
Broca that helps control the motor aspects of sound produc­
tion. Unfortunately, the posterior portion of the endocast, 
which contains Wernicke's region and is associated with re­
ceptive sound functions and intermodal associations, seldom 
if ever shows convolutional details that would permit one to 
conclude that these hominins possessed language. Some of 
this increase in brain volume must surely have been related to 

an increase in body size from the earlier smaller-bodied aus­
tralopiths. Exactly how much was an allometric increase re­
lated to body size, and how much beyond that relationship, 
is simply unknown. From the time of Homo erectus on (i.e., 
at least 1.6 Ma), the endocasts of hom in ins do not show any 
primitive features, but rather a more or less constant growth 
in brain volume from ca. 800 ml to our present average of ca. 
1,400 ml. This increase in brain size probably did not come 
about through allometry, as the body sizes of Homo erectus, at 
least as judged by the recent Nariokotome youth (KNM­
WT 15000) found in Kenya, were already comparable to 
modern humans. Neanderthals had slightly larger brains 
than modern humans, but this curious fact is perhaps ex­
plained as a part of an allometric relationship to lean body 
mass and perhaps cold-adaptation. Thus, it appears that 
some of the increases in brain volume were allometric while 
other increases were not, and that the evolution of the hu­
man brain resulted through different selection pressures at 
different times, another example of complex mosaic evolu­
tion in hominin lines. 

Evidence from Comparative Neuroanatomy 
This line of indirect evidence is essential to our understand­
ing of human brain evolution, a statement, incidentally, that 
could be made for any animal from aardvarks to zebras. 
While much is known about the naturalistic behavior of 
many species of animals, and each has a set of species-specific 
behavioral repertoires for adapting to its environment, the 
science of explaining species-specific behavior based on the 
structure and functioning of the brain is in its infancy. Con­
sider the wide range of behavioral differences among living 
primates, such as lemurs, tarsiers, New and Old World mon­
keys, the chimpanzee, gorilla, orangutan, and gibbon: None 
of these behavioral differences can yet be related to respective 
brain organizations. As dog breeds are perhaps more familiar 
to us, it is interesting to reflect that, while enormous differ­
ences in breed behavior are known, none of the behavioral 
variation has been correlated with neuroanatomical differ­
ences. What are the magic variates that surely must link the 
rwo levels? Brain size, taken alone, has little explanatory 
power in this regard, yet it is obviously an important starting 
point. Indeed, considerable progress has been made through 
allometric studies that treat brain size as a dependent variable 
and in which relationships are then made to body weight, 
metabolism, gestation duration, longevity, and, in some 
cases, broad ecological domains relating to subsistence pat­
terns such as folivory, frugivory, omnivory, and predation. 
But the brain is a complex organ, consisting of many differ­
ent neural cell masses and interconnecting fiber tracts, many 
of which are differentially susceptible to hormonal secretions 
and environmental stimuli. Within Mammalia, it is a stark 
truism that all mammals have the same brain components: 
there are no new parts (nuclei or fiber systems) to distinguish 
among genera within orders or among orders. Thus, not only 
does brain size vary in animals, but so do the quantitative re­
lationships among components of the brain and the ontoge­
netic, developmental sequences of DNA-RNA interactions 
that specify the development of different brain regions and 
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Table 1. Endocranial (brain) volumes of reconstructed hominins 

Specimen Taxon Region Volume (mt) Method Evaluation 

AL 333-45 A. afarensis E. Africa 485-500 C 2 
AL 162-28 375-400 est. 2 
AL 333-105 310-320 C 2 
L 338y-6 A. africanus ? 427 C 2 
Taung A. africanus S. Africa 440* A 

STS 60 428 A 1 
STS 71 428 C 2-3 
STS 19/58 436 B 2 
STS 5 485 A 
MLD 37/38 435 D 1 
MLD 1 500-520 B 3 
SK 1585 P. robustus 530 A 
KNM-WT 17000 P. aethiopicus? E. Africa 410 A 
KNM-ER 13750 P. boisei 475 A 
OH5 530 A 
KNM-ER406 525 D 2 
KNM-ER407 510 A 

KNM-ER 732 500 A 
KNM-ER 1805 H? 582 A 
KNM-ER 1813 H habilis 510 A 
KNM-ER 1470 H rudolftnsis 752 A 
OH7 H habilis 687 B 
OH 13 650 A 1 
OH24 590 A 2-3 
KNM-ER 3732 600-650 est. 3 
OH9 H. erectus? 1067 A 1 
KNM-ER 1590 min. 800 est. 3 
KNM-ER3733 848 A 
KNM-ER3883 804 A 
KNM-WT 15000 H. erectus 900 X 
Trinil 1 (1892) Indonesia 953 A 
Sangiran 1 (1937) 815 A 1 
Sangiran 4 (1938) 900 C 2-3 
Sangiran [ 1 (1963) Pith 6 855 A 2 
Sangiran 17 (1965) 1059 C 1-2 
Sangiran [1 (1969) Pith 8 1004 A 1 
Sambungmachan 1 1035 X 2 
Modjokerto 1 (child) est. 550-575 A 
Lantian 2 China 780 X 2 
Zhoukoudian II 1030 X 2 
Zhoukoudian III 915 X 2 
Zhoukoudian V 1140 X 2 
Zhoukoudian VI 850 X 2 
Zhoukoudian X 1225 X 2 
Zhoukoudian XI 1015 X 2 
Zhoukoudian XII 1030 X 2 
Hexian H. erectus 1025 X 3 
Solo I H erectus (or? archaic H. sap.) Indonesia 1172 A 
Solo V 1250 A 1 
Solo VI 1013 A 1 
Solo IX 1135 X 3 
Solo X 1231 A 
Solo XI 1090 A 
Kabwe (Rhodesian) "Archaic Homo sapiens?' S. Africa 1285 X 

continues 
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Table 1. Continued 

Specimen Taxon Region Volume (ml) Method Evaluation 

Sale N. Africa 880 A 1 
Laetoli 18 "Archaic Homo sapiens" E. Africa 1367 X 1 
Eyasi 1285 X 3 
Lake Ndutu 1100 X 1 
Saldhana S. Africa 1225 X 3 
Narmada India 1200 X 3 
Dali China 1120 X 2 
Yinkou 1390 X 3 
Vertesszollos II Europe 1325 X 3 
Reilingen 1430 A 2 
Steinheim 1225 X 1 
Swanscombe 1325 X 2 
Fontachevade 1350 X 3 
Ehringsdorf 1450 X 2 
Biache 1200 X 3 
Petralona 1230 X 2 
Arago 21 1150 A 2 
Monte Circeo I H sapiens neanderthalensis? 1552 X 2 
Sacco pastore I 1200 X 2 
Saccopastore II 1300 X 2 
Spy I H sapiens neanderthalensis 1553 A 
Spy II 1305 A 
LaChapelle 1625 X 1 
La Ferassie I 1640 X 1 
Neanderthal 1525 X 
La Quina V 1172 X 
Le Moustier 1352 X 2 
Atapuerca 4 1390 X 2 
Atapuerca 5 1125 X 2 
Krapina B 1450 X 3 
Krapina C 1200 X 3 
Krapina D 1450 X 3 
Gibraltar I 1200 X 1 
Ganovce 1320 X 3 
Jebel Irhoud I S.w. Asia 1305 A 1 
Tabun I 1271 X 2 
Skuhl IV " ? 1554 X 2 
Skuhl V " ? 1520 X 
Skuhl IX " ? 1590 X 2 
Amud H. sapiens neanderthalensis 1740 X 
Shanidar I 1600 X 
Cro-Magnon H. sapiens sapiens 1590 X 1 
Chancelade 1530 X 2 
Oberkassel 1500 X 2 
Predmosti III 1580 X 2 
Predmosti IV 1250 X 2 
Predmosti IX 1555 X 2 
PredmostiX 1452 X 2 
Brno I 1600 X 2 
Qafzeh VI M. East 1568 X 2 
Border Cave S. Africa 1510 X 3 
OmoII " ? E. Africa 1435 X 2 

Cranial capacities in ml for selected hominin crania. An asterisk (*j reftrs to estimated adult volume .from a juvenile or child's endocast. The values 
were obtained by one of four methods: (Aj direct water displacement of either a full or a hemiendocast with minimal distortion and plasticene 
reconstruction; (Bj partial endocast determination as described by Tobias (J 971); (Cj extensive plasticene reconstruction amounting to half of total 
endocast; (D) volume calculated .from regression formula or estimated on the basis of a ftw measurements. X reftrs to previously published values, either 
confirmed or not by the author. The reliability of these values is evaluated on a scale of 1 to 3, where 1 indicates the highest reliability, and 3 the lowest 
depending on endocast completeness, distortion, and methods. 
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Table 2. Selected primate brain and body weights and EQs (encephalization quotients) 

EQI 
Mean Body Mean Brain Homocentric- EQ2-All EQ2-As 

Taxon Weight (g) Weight (g) As % of Homo Primates % of Homo 

Microcebus murinus 53.0 1.81 0.138 0.887 0.299 
Cheirogaleus major 417.3 6.90 0.137 0.700 0.236 
Lemur catta 1780.3 21.99 0.171 0.738 0.249 
Eulemur mongoz 1653.8 23.68 0.193 0.841 0.284 
Daubentonia madagascarensis 2203.5 44.05 0.298 1.257 0.424 
Loris tardigradus 267.1 6.67 0.178 0.951 0.321 
Perodicticus potto 932.8 13.23 0.156 0.727 0.246 
Galago senegalensis 161.0 4.43 0.164 0.928 0.313 
Tarsius spectrum 175.0 4.65 0.163 0.915 0.309 
Saguinus oedipus 302.0 9.68 0.238 1.256 0.424 
Cebus capucinus 2340.0 72.51 0.472 1.976 0.667 
Saimiri sciureus 446.6 22.12 0.422 2.131 0.719 
Aotus trivirgatus 706.5 16.69 0.236 1.133 0.382 
Callicebus moloch 669.0 15.95 0.234 1.129 0.381 
Ateles geoffroyi 7944.8 108.98 0.321 1.169 0.395 
Macaca foscicularis 4332.8 69.72 0.304 1.188 0.401 
Macaca mulatta 5688.2 91.34 0.334 1.265 0.427 
Macaca nemestrina 6567.0 103.64 0.345 1.286 0.434 
Cercocebus albigena 7064.3 99.76 0.317 1.171 0.395 
Papio hamadryas anubis 24780.0 196.20 0.276 0.884 0.298 
Papio hamadryas hamadryas 13833.3 175.67 0.361 1.235 0.417 
Papio hamadryas ursinus 18294.5 175.27 0.300 0.996 0.336 
Cercopithecus aethiops 3226.6 67.69 0.357 1.444 0.487 
Miopithecus talapoin 1040.3 39.70 0.437 2.007 0.677 
Erythrocebus patas 5350.0 97.33 0.370 1.412 0.483 
Procolobus badius 6581.2 77.33 0.257 0.958 0.323 
Hylobates agilis 5890.0 90.20 0.322 1.216 0.411 
Hylobates lar 5698.4 102.16 0.373 l.412 0.477 
Hylobates moloch 5915.1 93.37 0.333 1.255 0.424 
Hylobates syndactylus 11684.5 132.63 0.304 1.061 0.358 
Pongo pygmaeus 52140.4 346.46 0.301 0.886 0.299 
Pan troglodytes 41250.6 378.00 0.382 1.155 0.523 
Gorilla gorilla 93095.0 454.11 0.270 0.746 0.252 
Homo sapiens 62772.2 1334.41 1.000 2.962 1.000 

�.�~�~�-

The regressions are based on 85 species including Homo sapiens (data from H. Stephan). Two diffirent approaches to EQ are used. The homocentric 
EQ 1 values are calculated by using the equation, 

�E�~�O�M�O� = brain weight/body weighto.6490G 

in which the animal's body weight is raised to the 0.64906 power. 
This exponent is derived from drawing a line connecting the average brain and body weight values for Homo (1330, 65,000 g) and the origin 

(0,0) on a log base 10 graph. This makes the coefficient 1.0, and resulting EQ is expressed as a percent of the human value, which is the highest among 
all mammals. 

The EQ2 values were calculated using the equation, 

EQ2 = .0091 X brain weight/body weighto.76237 

The column "EQ2 as % of Homo " simply divides EQ2 by 2.962, the value for Homo. As can be seen, these values are sometimes very much higher 
than the homocentric EQ1 values. These values show that the intervals between the values are arbitrary in the case ofEQ2. There is no reason to 
believe that the squirrel monkey (Saimiri sciureus) should have an EQ that is 71.9% of Homo 'so This illustrates well the "relativity of relative brain 
measures. 
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Log10 Brain Weight Vs. Log10 Body Weight 

(Data from Stephan et aI., 1981) 
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A log-log (base 1 OJ plot of the mean brain and body weights for 85 
species of primates, including Homo sapiens, .from data kindly provided 
by Dr. Heinz Stephan, Max Planck Institute for Brain Research. The H 
is the human value, and the closest three are chimpanzee, gorilla, and 
orangutan. The correlation coefficient without Homo is 0.97, and the 
human value for the brain is about three times higher than would be 
predicted for a primate of its body weight. The slope of the regression line 
is about 0.76 without Homo. This value suggests a metabolic constraint 
between body weight and the weight of the brain. It should be 
remembered that the points in this figure are for a large number of 
primate taxa. If these data points are plotted within diffirent taxonomic 
categories (i. e., prosimians alone, New World monkeys alone, etc') each 
group would scale somewhat diffirently, usually with a slope of about 
0.66. This latter exponent suggests a geometric relationship between 
surfoce area and volume (i.e., the ratio 213). Thus, the calculated 
encephalization coefficients (EQs) are "relative," as each species value 
depends on the allometric equation used. Courtesy of Ralph Holloway. 

their underlying neurotransmitter substances. Humans are 
not the only animals that have asymmetrical brain regions: 
Almost all animals have asymmetries to varying degrees, and 
some, like certain birds, have a seasonal sensitivity to in­
creases and reductions of certain nuclei related to song 
patterns. In the human case, however, it is probably both 
the kind and the degree of cortical asymmetries that are 
distinctive. 

As mentioned above, in our own species the brain ac­
counts for ca. 2 percent of our total body weight bur uses 
close to 20 percent of our metabolism at any given moment. 
It is a voracious organ. Thanks to recent allometric studies, it 
appears that the relationship between brain and body size is 
constrained more strongly by metabolic factors than by sur­
face-area/volume relationships as was once popularly be­
lieved. Thus, when the log (base 10) values of brain size and 
body weight are plotted together, the resulting slope is usu­
ally close to 0.75 rather than 0.66. This is for the order as a 
whole; in plotting the values for superfamilies or lower-level 
taxa (e.g., families), the slope is ca. 0.66. In general, the slope 
decreases as the taxonomic units become more specific, un­
til, within a species such as ours, the slope is ca. 0.25. 

Shown here is one such plot based on 85 species of pri­
mates from data kindly supplied by Dr. Heinz Stephan. The 

human value is clearly an "outlier" in this plot and has a brain 
volume (or weight) roughly three times that expected for a 
primate of this body size. The gorilla value is lower than ex­
pected, and, indeed, one can go through the list of primates 
and find differences between predicted and observed values 
of greater than 100 percent. The point here is that the slope 
of 0.75, reflecting metabolic factors, is not a law, but a con­

straint, around which species vary. The picture becomes 
more complex when individual parts of the brain are plotted 
against brain weight for different species of primates, and 
such data provide a basis for understanding differences in 
brain organization among primate species. 

Usually, brain components scale closely to total brain 

weight, and predicted and observed values differ by less than 
10 percent. The cerebral cortex and the cerebellum are two 
good examples of this. The differences between expected and 
observed values are, for Homo sapiens, only 0.33 percent and 
6.5 percent, respectively, when based on a sample of 44 pri­
mate species excluding Homo. There are, however, some ex­
traordinary departures from predicted values for certain 
brain structures, and one of these in particular is important 
to a fuller understanding of human brain evolution and of 
the importance of certain key fossil hominin endocasts in 
showing Homo-like derived, rather than pongidlike retained, 
primitive characteristics. As the second plot shows, the vol­
ume of primary visual striate cortex (area 17 ofBrodmann) is 
some 120 percent less than expected in the human primate 
with our brain size. Similarly, the lateral geniculate body of 
the epithalamus shows a reduction of 140 percent + from the 
predicted or expected volume of this nucleus based on al­
lometry within the Anthropoidea. These deviations should 
make us wary that all size differences can be explained 
through allometry alone. Both the primary visual striate cor­
tex and the lateral geniculate nucleus are important compo­
nents of our visual system. This relative decrease in Homo 

probably meant that there was a relative increase in parietal 
association cortex during human evolution. The real ques­
tion is, when did this occur? 

The third figure shows a lateral view of chimpanzee and 
human brains. In the posterior part of the cerebral cortex is 
found the lunate sulcus, which represents the most anterior 
boundary of purely sensory cortex: the primary visual striate 

cortex. Anterior to this cortex is what we commonly call the 
association cortex of the parietal and temporal lobes, a region 
of complex intermodality association and cognitive func­
tioning, which happens to include, at least in humans, Wer­
nicke's area. Based on the same sample of 45 primate species, 
the human primary visual striate cortex subs erving vision is 
roughly -121 percent less than expected for a primate of this 
brain size. This fact does not mean that our visual sense is 
functionally reduced bur rather that there has been a com­
pensatory increase in the relative amount of parietal and 
temporal-lobe association cortex. The ventricles of the brain, 
which in the fetal stages provide the neuroblasts that become 
part ofthe 10 billion neurons making up the adult cerebral 
cortex, are ca. 52 percent greater than expected on the basis 
of allometry. Some neural structures deviate from expected 
values by as much as 7,000 percent. These departures from 
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The figure shows the log-log (base 10) relationship between the volume of 
primate visual striate cortex, area 17 of Brodmann, against the mean 
weight of the brain for 37 species of primates, including Homo, shown as 
H. The regression has a correlation coefficient of about 0.97 without the 
human value. The human value is over 121 percent lower than would be 
predicted for a primate with its brain weight. Most other diffirences 
between observed and predicted values are around 10-25 percent, and 
are mostly explained by statistical error from small samples, The Homo 
diffirence, however, is quite large and is paralleled by the same result 
when the volume of the lateral geniculate nucleus of the thalamus is 
regressed against brain weight, In this case the human value is over 140 
percent lower than would be predicted. The two neuroanatomical systems 
are intimately related. As the human primate has no loss of vision 
compared to other primates, these results suggest that during evolution 
there was either a relative reduction in primary visual striate cortex (area 
17) in the human brain or a relative increase in parietal association 
cortex. The major question, of course, is when did the reduction occur in 
the course of hominoid evolution? Courtesy of Ralph Holloway, 

allometric expectations could very well provide interesting 
clues about which structures in the human brain might have 
undergone significant evolutionary change. 

Comparative studies of the brain provide other clues 
about the evolution of our major organ of adaptation, of 
which three can be briefly mentioned: encephalization, 
asymmetries of cortical hemispheres, and sexual dimorphism 
of the brain. 

Encephalization has two meanings in comparative neu­
rology. First, it refers to evidence that in the course of evolu­
tion the cerebral cortex has taken on more functions and that 
the organization of the cortex is more susceptible to debili­
tating damage through injuries. A second, more recent 
meaning of encephalization refers to a ratio in which an ani­
mal's brain weight is divided by an allometric equation de­
rived from a particular taxon. For example, the equation 

EQ = .0991 X brain weight/ (body weight)076237 

provides an encephalization quotient (EQ), in which the de­
nominator is the allometric equation based on 88 species of 
primates. In this case, using an average brain weight for 
Homo sapiens of 1,300 gm, the EQ is 2.87. For the chim­
panzee and the gorilla, the EQs are 1.14 and 0.75, respec-
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The brains of chimpanzee (below) and human in lateral view. Although 
the human brain is some three to four times heavier than the chimpanzee 
brain, there is considerable similarity between the two species with regard 
to the convolutional details. The human brain has more convolutions 
and considerable variation of its gyri (hills) and sulci (valleys), 
particularly in the parietal and frontal lobes, but the primary and 
secondary gyri and sulci are the same between the two species. Of 
considerable interest to those studying the paleoneurology of our fossil 
ancestors are the sulci labeled the lunate, the intraparietal, the sylvian, 
and the lateral calcarine, In apes, such as the chimpanzee, the lunate 
sulcus is always present and is the anterior boundary of the primary 
visual striate cortex, which subserves visual functions, The intraparietal 
sulcus, in its posterior part, always terminates against the lunate sulcus 
and divides the parietal portion of the cerebral cortex into superior and 
inferior lobules. The calcarine fissure always runs medial to lateral but 
terminates before it reaches the lunate sulcus, When a lunate sulcus 
appears in the human brain, it is in a very posterior position, relative to 
where it can be found in other apes, As the figures for the volume of 
visual striate cortex discussed in the text indicate, the human brain has 
relatively less of this cortex making up its cerebrum than does the ape 
brain, This means that the relative amount of parietal "association" 
cortex has increased in the human species, The challenge is to document 
when such change took place in hominid evolution. Unfortunately 
endocasts seldom show the convolutions that existed in the brain, The 
central sulcus divides the frontal from the parietal lobe and functionally 
marks the separation between the mainly motor anterior gyrus and the 
posterior sensory gyrus. Both the inferior third frontal convolution (with 
Broca" area) and the posterior temporal and middle parietal lobes 
(containing Wernickes area) appear more convoluted in the human 
species and have important relationships to both the motor and sensory 
(receptive) aspects of communication by language, These particular 
regions are seldom well preserved on fossil endocasts and are areas of 
considerable interpretive controversy among paleo neurologists, Courtesy 
of Ralph Holloway. 

tively. If an allometric equation for insectivores were used, 
the human, chimpanzee, and gorilla EQs would be 28.8, 
11.3, and 6.67, respectively. The important points here are 
twofold: first, the human animal always has the highest EQ 
regardless of the denominator; second, the EQ values and 
their relative values among species can vary by as much as 20 
percent. When these equations are applied to fossil hom­
inins, their relative closeness to modern humans or to our 
ape cousins, such as chimpanzees, will vary depending on the 
basal equation chosen. This is known as the relativity of rela­
tive brain measures. 
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Since the human animal apparently has the highest EQ 
value among mammals, we can use a homocentric equation, 
in which Homo sapiens has the highest value of 1.0, or 100 
percent. This equation appears as follows: 

�E�~�O�M�O� = brain weight/body weighto.64906 

This equation is derived by drawing a line through the 
average log (base 10) values of modern Homo to the origin 
point of zero brain and body weights. The advantage of this 
equation is that all other animal EQs are expressed as a direct 
percentage of the human value. For example, the chim­
panzee EQ is 0.39 (39 percent) and the gorilla value 0.23 
(23 percent). Unfortunately, it is a matter of taste as to which 
EQ equation one selects, or which groups or taxa one wishes 
to compare and discuss. To work out the EQs for particular 
hominin fossils requires an accurate knowledge of both brain 
and body weights, and the latter values must necessarily be 
guessed. A single EQ value for a particular fossil hominin 
tells us nothing about how the EQ varied within the species. 
In general, australopiths show slightly higher EQ values than 
do chimpanzees, but not by very much. 

Asymmetries of the cerebral cortex, while existing in ani­
mals other than humans, do not show the pattern that is most 
often expressed in our own species. Humans are mostly right­
handed (numbering up to ca. 87-90 percent of most popula­
tions), and both the motor and the sensory regions involved 
in symbolic language are dominant on the left side of the cere­
bral cortex. Evidence from the neurosciences shows that the 
left hemisphere controls symbolic parsing and cognitive tasks 
mediated by symbols. The right hemisphere appears to have 
more control over gestalt appreciation of visuospatial rela­
tionships, facial recognition, and emotions. While only so­
phisticated neurological examinations of the working brain 
show this, it is well known that the gross appearance of the 
cerebral hemispheres is highly correlated with handedness 
and thus with cerebral dominance. Petalias are extensions of 
parts of the cerebral cortex extending beyond their counter­
parts on the other side of the brain. For example, in most 
right-handers the classical petalial pattern is for a longer left 
occipital pole, a broader left parietal region, and a broader 
right frontal width. True left-handers and many mixed­
handers show the opposite pattern. While other primates, 
particularly the gorilla, do show some asymmetries, they 
rarely show the combined torquelike petalial pattern described 
above for humans. There is also a lack of any clear-cut data 
demonstrating handedness (rather than preference) for other 
primates. It is thus an intriguing fact that fossil hominins 
show overwhelmingly the human petalial pattern, and N. 
Toth has discovered that many of the early stone tools were 
apparently made by right-handers. Some of the australopith 
fossil endocasts show a petalial pattern that suggests right­
handedness, despite their pongidlike brain sizes. It is possible 
that the brain evolved some modernlike human patterns of 
organization early in hominin evolution before the great ex­
pansion of brain size, although this is a controversial area. 

Sexual dimorphism of the human brain can be found in 
the anterior hypothalamus and in the corpus callosum, 

through which pass most of the fiber tracts that interconnect 
the two cerebral hemispheres. Females show a larger splenial 
portion (which integrates the two occipital, parietal, and tem­
poral regions of the cortices) than do males, when both are 
corrected for brain size. The corpus callosum is the only brain 
structure to show a very different pattern between male and 
female brains. Almost all structures of the brain (i.e., the cere­
bellum, the septum, the hippocampus, the striatum, etc.) are 
larger in males than in females, and significantly so. The cor­
pus callosum, however, is roughly equal in absolute size be­
tween the sexes. When these structures are related to brain 
weight, however, there are no significant differences between 
males and females, exceptin the corpus callosum, which is rel­
atively larger in females, and the differences are usually statis­
tically significant. Given the cultural variability of most mod­
ern societies, this small anatomical difference probably does 
not have much significance in different cognitive-task abili­
ties between our two sexes. It is more interesting to consider 
these differences (which are apparent by 26 weeks prenatal) as 
evolutionary residua from past selection pressures that may 
have favored a complementary behavioral adaptation be­
tween males and females for the increased period of social and 
maternal nurturance oflonger-growing offspring. 

Summary 
Summarizing all of the changes that may have taken place 
over 3-4 Myr of human brain evolution is a speculative mat­
ter. Table 3 provides but an outline of how these changes 
might have interdigitated. The earliest australopiths (e.g., 
Taung and the Hadar 162-28 A. aforensis) already show evi­
dence for cerebral reorganization in that the lunate sulcus is 
in a posterior position, suggesting that the posterior parietal 
association cortex had increased beyond the ape level. Cere­
bral asymmetries are also present, but these are more strongly 
represented in early Homo, whose appearance coincides with 
a major expansion of brain size (to ca. 750 ml from 450 m!) 
at ca. 2 Ma. Coincident with these patterns are stone tools 
and evidence for hunting and scavenging. The remaining 
doubling of size, to ca. 1,400 ml, is perhaps best explained 
through a combination of allometric and nonallometric 
processes in which natural selection favored increased body 
size, longer periods of childhood growth, and, one assumes, 
more sophisticated brains capable of more sophisticated so­
cial behavior. While this basic scenario fits well within our 
popular conceptions of mosaic evolution, it would be wise to 
remember that there were mosaics within the mosaic, and 
the brain has always been an important part of human adap­
tation whatever its size at various phases of hominid evolu­
tion. It is pointless to say that bipedalism evolved first, then 
brains. A complex musculoskeletal set of such adjustments as 
attend bipedalism could not evolve in a nervous vacuum, nor 
does the structural adaptation hold much meaning without 
reference to behavioral function. Thus, the evolution of the 
brain can only be understood not just in the context of its 
size, the reorganization of its components, and its asymme­
tries but in the context of the total range of the ecological 
and behavioral record that is associated with the actual fossil 
hominin discoveries. 
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Table 3. Summary of reorganizational and size changes in the evolution of the hominin brain 

Brain Changes, 
Specimens 

(1) Reduction of volume of area 17, 
primary visual striate cortex; relative 
increase in posterior parietal association 
cortex. AL 162-28 has a posterior 
position of the lunate sulcus. 
(2) Small increase in brain size, probably 
allometric, to 400-450 m!. 
(3)Reorganization of frontal lobe, increase 
in cerebral asymmetries. Major increase in 
brain size of 250-300 m!. KNM-ER 1470. 
(4) Modest allometric increase in brain size, 
to 750-900 ml, and increase in cerebral 
asymmetries. H. erectus brain casts, incl. 
KNM-WT 15000 youth. 
(5) Modest increase in brain size, 300 ml, 
neanderthalensis to 1200-1700 ml, and 
refinements in cortical organization to a 
modern Homo pattern. Archaic Homo 
endocasts. 
(6) Small allometric reduction in brain size 
among modern Homo sapiens. Modern 
range of cranial capacities. 

See also Allometry; Anthropoidea; Archaic Homo sapiens; 
Australopithecus; Hominoidea; Homo; Homo erectus; 
Homo sapiens; Neanderthals; Primates; Skull; Speech (Ori­
gins of). [R.L.H.J 

Further Readings 
Bryden, M.P. (1982) Laterality: Functional Asymmetry in 

the Intact Brain. New York: Academic. 
Connolly, C.J. (1950) External Morphology of the Primate 

Brain. Springfield, Ill.: Thomas. 
Damasio, A.R., and Geschwind, N. (1984) The neural basis 

for language. Ann. Rev. Neurosci. 7:127-147. 
de Lacoste-Utamsing, M.e., and Holloway, R.L. (1982) 
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Brain endocast asymmetry in pongids and hominids: 
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Taxa Time 

A. afarensis by 3.5-3 Ma 

A. africanus 3-2.5 Ma 

H. habilisl rudo/fensis 2.5-1.9 Ma 

H. erectus 1.9-1.6 Ma 

H. sapiens 200-100 Ka 

H. sapiens sapiens after 100 Ka 
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Branisellinae 
Extinct subfamily of cebid platyrrhine monkeys including 
Branisella boliviana and Szalatavus attricuspis (if the latter is a 
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distinct taxon). These are the oldest and most archaic ateloid 
primates, known from the Late Oligocene Bolivian deposit 
at La Salla, which has been dated to ca. 27 Ma. Braniselline 
upper molars are in part morphologically conservative, al­
though they do resemble those of the cebine Saimiri. The 
lower jaw is very shallow, as in the relatively primitive para­
pithecid anthropoids. 

See also Anthropoidea; Cebidae; Parapithecidae; Platyrrhini. 
[A.L.R.] 

Further Readings 
Rosenberger, A.L., Hartwig, W, and Wolff, R. (1991) Sza­

latavus attricuspis, an early platyrrhine primate. Folia 
Primato!' 56:225-233. 

Takai, M., and Anaya, F. (1996) New specimens of the old­
est fossil platyrrhine, Branisella boliviana, from Salla, 
Bolivia. Am.]. Phys. Anthropo!. 99:301-317. 

Breccia Cave Formation 
Breccia, as the Italian word suggests, refers to rocks composed 
of broken fragments that show little abrasion or rounding ef­
fects of transportation. The term is applied to all volcanic, 
metamorphic, and sedimentary deposits with this texture. The 
South African australopith-bearing deposits are examples of 
limestone breccias, consisting of angular chunks of limestone 
and interstitial sand, frozen into a solid mass by impregnations 
of limy cement. The deposits at the Transvaal sites of Krom­
draai, Makapansgat, Sterkfontein, and Swartkrans are partially 
unroofed remnants of breccia-filled caves that formed in 
dolomitic limestone; the breccias at Taung (Botswana), how­
ever, were formed by cementation of a talus fan below a cliff in 
the dolomite of the Gaap (or Kaap) Escarpment along the 

Limestone 

Water table �-�~�~�l�l�l�i�l�l�l� 

southeastern margin of the Kalahari Desert. Primate-bearing 
cave breccias are also known farther north at Gcwihaba and at 
Berg Aukas (Namibia) and Leba (Angola). 

Generally speaking, breccia-filled caves begin with sub­
terranean dissolution of susceptible formations. By far the 
most common of the cavern-forming rocks are carbonates 
(sedimentary limestones and dolomites, biogenic reef com­
plexes, metamorphic marbles, hydrothermal tufas, igneous 
carbonatites), but cavernous salt and gypsum breccias are 
known as wei!. Cave formation usually begins with solution 
of the surrounding rock where infiltrating, relatively under­
saturated surface water reaches the water table. When the wa­
ter table drops (due to regional uplift, drought, or deepening 
incision of the landscape), surface cracks and sinkholes may 
admit circulating air to the empty chamber. This leads to the 
formation of stalactitic and/or stalagmitic travertines, or 
dripstones, through evaporation in the caves. When caves be­
come more open to the surface through time, freshwater dis­
solution will be more active, and sands and other debris-in­
cluding bones-may wash into deeper recesses and fissures, 
while blocks and smaller fragments will spall away from the 
weakened walls and ceilings to mix with the rest. Cementa­
tion of breccia bodies takes place wherever chemical condi­
tions in this environment of constant solution and precipita­
tion are favorable, and not necessarily in all parts of the cave. 

It commonly happens that where breccias are solidify­
ing, the growing mass may become so extensive as to choke 
the opening through which the talus of broken rock, sand, 
and debris was being washed in. As conditions change, a new 
solution channel may form a shaft through the limestone 
breccia, and a new cycle of deposition and calcification may 
begin. By the same token, as unroofing continues, vertical 
avenues may open, and younger, surface-derived material 

Sketch of successive stages (left to right, top then bottom) in the development of a breccia cave in limestone country rock, as in the australopith-yielding 
sites. A solution cavity forms below the local water table; when the water table foIls, water filtering through the rock may form a lime crust on the 
exposed inner wall of the cavity. Joints and cracks in the limestone massif may open to the surface through solution and climatic effects, which allows 
sediment (including skeletal parts) to enter the cave; this mass becomes cemented as limy matrix is dissolved and redeposited. In some cases, the cave 
may fill in one or more cycles; more rarely, part of the fill may be eroded away and a new generation(s} breccia be deposited above, below, or alongside 
previous material (as at Swartkrans). The cave roof may collapse down on top of the breccia fill. Often the last stage will be erosion of the overlying 
limestone hill, exposing the filled cavity to excavators. 



may build up layers on the original breccia mass. In the final 
stages of erosion of cavernous rocks, breccia-filled chambers 
and fissures are exposed at the surface as pits, and eventually 
only the floor of the cave may remain as a thin plastering of 
breccia on a hillside. 

A complex succession of dissolution, filling, cementa­
tion, secondary decalcification, erosion, and re-cementation 
is possible in each cycle of breccia formation, and there may 
be several cycles in any given cave system. Variations in sur­
face conditions, in the form oflong-term climate and vegeta­
tional changes, or local geological events that might affect 
the chemistry and amount of percolating rainwater as well as 
the regional hydrology, have been cited in attempts to syn­
chronize the succession of events preserved in the breccia for­
mations, but accurate stratigraphic interpretation under 
such circumstances is always difficult. 

See also Africa, Southern; Kromdraai; Makapansgat; Sterk­
fontein; Swartkrans; Taung. [EE.G., ].A.Y.e.] 

Further Readings 
Brain, e.K. (1958) The Transvaal ape-man-bearing cave de­

posits. Transvaal Mus. Mem. 11: 1-13l. 
Brain, e.K. (1976) A re-interpretation of the Swartkrans 

site and its remains. S. Afr. ]. Sci. 72: 141-146. 

Breun, [Abbe] Henri [Edward Prosper] 
(1877-1961) 
French archaeologist. Breuil became interested in Paleolithic 
art and prehistoric archaeology soon after being ordained in 
1897 and rapidly established himself as a leading authority 
in both areas. He was a professor at the Museum National 
d'Histoire Naturelle from 1910 and at the College de France 
from 1929 to 1947. Among his many contributions to the 
development of prehistoric archaeology was his enduring pa­
per "Les Subdivisions du Paleolithique superieur et leur sig­
nification" (1912), in which he elaborated on G. de Mor­
tillet's earlier (coarse) division of the Upper Paleolithic into 
the Aurignacian, the Solutrean, and the Magdalenian. 
Breuil's name is also associated with a number of major Eu­
ropean Paleolithic sites, including Altamira, Spain (1906) 
and Genista Cave, Gibraltar (1922). He was also associated 
briefly during the early 1930s with the excavations at 
Zhoukoudian; later, the Chinese archaeologist Bei Wen­
zhong (1904-1982) (also known as We. Pei) studied under 
him in Paris, receiving his Ph.D. in archaeology in 1938. 

See also Altamira; Mortillet, Gabriel de; Paleolithic; Pale­
olithic Image; Zhoukoudian. [ES.] 

Further Readings 
Broderick, A.H. (1963) Father of Prehistory: The Abbe 

Henti Breuil: His Life and Times. New York: Morrow. 

Broad-Spectrum Revolution 

Concept advanced by L.R. Binford and K.Y. Flannery in the 
1960s suggesting that late Upper Palaeolithic people gradu­
ally shifted their subsistence base from a reliance on large mi-

BROCA, PIERRE PAUL 

gratory animals to a broader spectrum of wild foods, includ­
ing small game, fish, turtles, seasonal water fowl, inverte­
brates (crabs, mussels, snails), and plant foods (cereal grasses), 
starting ca. 20 Ka, a process that ultimately led to increased 
sedentism, population growth, and domestication in both 
southwestern Asia and Mesoamerica. Such a shift may have 
occurred because an ameliorating climate and rising sea levels 
made new resources more readily available to growing human 
populations and/or because large migratory species disap­
peared, either because of environmental changes or because 
of overexploitation by human beings. 

Archaeological evidence in the 1980s and 1990s, how­
ever, suggests that the timing and the pace of the shift may 
have differed and that the basic diet did not actually 
broaden. The sudden appearance of plant remains and pro­
cessing tools in the southern Levant during the Early Natu­
fian (ca. 12-10.5 Ka) suggests that changes in food resources 
occurred several millennia later and more rapidly than previ­
ously thought. While a wider range of exploitable foods (e.g., 
molluscs, fish, waterfowl) appear at archaeological sites, fau­
nal and botanical distributions suggest that people still got 
most of their daily protein needs from only one or two 
species (e.g., gazelle, wheat, barley). Instead of diversifying, 
then, Early Holocene collectors may have actually narrowed, 
and intensified, their subsistence base. 

See also Asia, Western; Domestication; Natufian; Neolithic. 
[N.B.] 

Further Readings 
Binford, L.R. (1968) Post-Pleistocene adaptations. In S.R. 

Binford and L.R. Binford (eds.): New Perspectives in 
Archeology. Chicago: Aldine, pp. 313-34l. 

Flannery, K.Y. (1969) Origins and ecological effects of early 
domestication in Iran and the Near East. In P.]. Ucko 
and G.W Dimbleby (eds.): The Domestication and 
Exploitation of Plants and Animals. London: Duck­
worth, pp. 73-100. 

Henry, D.O. (1989) From Foraging to Agriculture: The 
Levant at the End of the Ice Age. Philadelphia: Univer­
sity of Pennsylvania Press. 

Broca, Pierre Paul (1824-1880) 
French anatomist and physical anthropologist who made no­
table contributions to the fields of anatomy, pathology, sur­
gery, and anthropology. Much of his anthropological re­
search concerned the study of racial variations in crania and 
involved the invention of craniological techniques and in­
struments. He is also remembered for his comparative neu­
roanatomical studies. In 1861, he demonstrated the location 
of the speech center in the left frontal region of the brain, 
since known as Broca's region. Broca also made a number of 
significant contributions to the institutional development of 
French anthropology, involving the founding of the Societe 
d'Anthropologie de Paris (1859), the Laboratoire d'Anthro­
pologie of the Ecole Pratique des Hautes Etudes (1868), the 
Ecole d'Anthropologie (Paris) in 1876, and the journal Re­
vue d'Anthropologie (1872). [ES.] 
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Bronze Age 
Second in the three-stage sequence of Stone Age, Bronze 
Age, Iron Age. This tripartite scheme was the first develop­
mental framework widely adopted in the archaeology of 
Europe. It has since been extended to other regions where 
bronze metallurgy was developed. In any area, the scheme is 
based on the material used to produce cutting tools. Despite 
this simple technological definition, the Bronze Age has fre­
quently been taken to refer to a period of broad-spectrum 
cultural advance. 

The term first gained currency when employed by two 
early-nineteenth-century Danish archaeologists, C. Thom­
sen and J. Worsaae, in their efforts to order the prehistory of 
northern Europe. To these scholars, the three-stage system 
reflected a unilinear development of human culture from 
simple origins to progressively more complex conditions. 
The Bronze Age was thought of as the period of time (in any 
given part of the world) when copper or bronze metallurgy 
began, when settled villages dependent on agriculture be­
came the rule, and when disparate social ranking of members 
of society first developed. These developments are each 
products oflong-term processes of change that are not neces­
sarily linked to one another. Hence, the simplistic unilineal 
development often implied in the term is not generally ac­
cepted today. 

See also Archaeology; Broad-Spectrum Revolution; Complex 
Societies; Europe; Iron Age; Neolithic. [B.B.] 

Further Readings 
Coles, J., and Harding, A. (1979) The Bronze Age in Eu­

rope. New York: St. Martin's Press. 
Redman, C. (1978) The Rise of Civilization. San Francisco: 

Freeman. 

Broom, Robert (1866-1951) 
South African (b. Scotland) physician and paleontologist. On 
receiving his M.D. at the University of Glasgow in 1895, 
Broom moved to Cape Town (South Africa), where in 1903 
he was appointed professor of geology at Victoria College, 
Stellenbosch, and became famous for his studies of mam­
mallike reptiles. Broom's interest in anthropology and more 
specifically paleoanthropology was heightened by the discov­
ery of the Taung (infantile australopithecine) specimen in 
1924, for which fellow South African paleontologist R.A. 
Dart had claimed hominid affinities-a conclusion Broom 
endorsed without reservation. In 1934, he joined the Trans­
vaal Museum, Pretoria. This appointment coincided with his 
succession of spectacular finds of adult australopithecines at 
Sterkfontein and subsequently at Kromdraai and Swartkrans, 
all in South Africa. These discoveries essentially vindicated his 
support of Dart's earlier claims for the Taung specimen. The 
remainder of Broom's career was devoted to exploration of 
these sites and the interpretation of the many early hominid 
remains discovered there. 

See also Australopithecus; Dart, Raymond Arthur; Krom­
draai; Sterkfontein; Swartkrans; Taung. [ES.] 

Buda Industry 
Diminutive-chopper-core industry of Middle Pleistocene 
(Biharian) age in Central Europe, probably ca. 0.6-0.4 Ma. 
First defined on the basis of a site at Budapest (Hungary), the 
industry is better known from the nearby site ofVertesszol­
los. The small size of both flakes and cores is probably due to 
the use of river cobbles as the raw-material source rather than 
natural stone outcrops or quarries. 

See also Chopper-Chopping Tools; Core; Early Paleolithic; 
Flake; Raw Materials; Vertesszollos. [A.S.B.] 

Buluk 
Early Miocene site near the southern end of Lake Turkana in 
northern Kenya, dated to ca. 17 Ma. Four catarrhines, in­
cluding a hominoid, two probable members of the "Den­
dropithecus-group," and one cercopithecid (cf. Prohylobates) 
have been found in a small but diverse fauna. The large homi­
noid, first assigned to Sivapithecus, was included in Afto­
pithecus turkanensiswhen this taxon was erected for additional 
specimens from Kalodirr, a similar site to the northwest. 

See also Africa, East; Afropithecus; "Dendropithecus-Group"; 
Hominoidea; Kalodirr; Sivapithecus; Victoriapithecinae. [P.A.J 

Burin 
Stone-tool class especially common during Late Paleolithic 
times (and after), with a sharp chisel-like edge produced by 
removing one or more narrow flakes (burin spalls) along the 
thickness of a flake or blade. The narrow surface from which 
the burin spalls are struck may be created by snapping the 
flake or blade in two, by relatively abrupt retouching or trun­
cation of the edge or end, or by a series of prior burin-spall 
removals. The resulting edge, created by the intersection of 
two narrow planes, is both sharp and strong. Burins are 
thought to have been primary tools for engraving and shap­
ing such materials as bone, antler, ivory, and probably wood. 

See also Late Paleolithic; Stone-Tool Making; Upper Pale­
olithic. [N.T., K.S.] 
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Left: close-up o[burin (larger) and burin spall. Right: dihedral burin on 
a blade (spalls removed in two directions). Scale is 1 cm. 



Calcium-41 Dating 
Radiometric dating method dependent on the decay of a mi­
nor isotope of calcium. The great potential of this method, 
which is as yet not developed sufficiently for reliable applica­
tion, is that calcium is a major component of animal bone. 
The isotope 41Ca has a half-life of ca. 100 Kyr and would 
thus allow direct dating of specimens ranging in age from 10 
Ka, or even less, to as much as 1 Ma. This range would ex­
tend the dating of Late and Middle Pleistocene archaeologi­
cal and paleontological material beyond the current limits of 
radiocarbon, uranium-series, and trapped-charge methods, 
spanning the gap to the upper limits of typical KlAr and 
Ar/Ar dating. There are, however, several major difficulties 
involved with this method, which, as of the late 1990s, had 
not been tested on ancient materials. 

Calcium-41, like carbon-14, is produced naturally by 
cosmic radiation impact on 40Ca, the common isotope of 
calcium. This process occurs through neutron capture in cal­
cium in the upper meter of soil, with a production ratio of 
10-14 to 10-15. Radiocalcium is thus several hundred times 
as rare, compared to the parent isotope, as radiocarbon is to 
carbon-12. Its decay, to 41K, involves the production of a 
neutrino, which is extremely hard to observe. Moreover, the 
"zeroing" of the dating clock is not at the death of the animal 
to be dated but upon its removal from cosmic neutron radia­
tion by burial below several meters of soil or entombment in 
a cave. 

R.E. Taylor has suggested that the state of the radiocal­
cium-dating method in the late 1990s is comparable to the 
situation with radiocarbon in the late 1940s. The half-life has 
been reasonably well estimated, if not closely determined; its 
origin and decay cycle is understood; and the technology for 
arriving at a date with this information is at least theoretically 
known. In the next decade, this may become an exciting new 
approach, or it may disappear as infeasible. 

See also Bone Biology; ESR (Electron Spin Resonance) Dat­
ing; Geochronometry; Radiocarbon Dating; TL (Thermolu­
minescence) Dating; Uranium-Series Dating. [E.D.l 

Further Readings 
Taylor, R.E. (1987) Dating techniques in archaeology and 

paleoanthropology. Analyt. Chern. 59:317 A-331A. 

Calico Hills 
Controversial archaeological site in an alluvial fan in San 
Bernardino County (California). Continuously excavated 
since 1964, it was given prominence by the involvement of 
L.S.B. Leakey. Although some claim that the earliest artifact­
bearing deposits of the site due to 200 Ka, the geomorpho­
logical context and the presence of human workmanship on 
the artifacts from Calico remain the subject of considerable 
debate. 

See also Paleoindian. [L.S.A.P., D.H.Tl 

Callitrichinae 
Subfamily of cebid platyrrhine monkeys including the living 
tribes Callimiconini and Callitrichini and fossil allies. Infor­
mally termed marmosets (and for some tamarins, distinguished 
by low-crowned rather than high-crowned, marmosetlike in­
cisors), there are more than 20 species, all of which exploit a 
canopy-subcanopy, frugivorous-insectivorous feeding niche, 
in which competition with the larger cebines is minimized. 

Callitrichines are, on the whole, the smallest living an­
thropoids, characterized also by reduced posterior denti­
tions, nonopposable thumbs and big toes, and the occur­
rence of claws on all of the fingers except for the large toe. 
The callimiconin tribe is a primitive branch. They produce a 
single offspring per litter and retain third molars, whereas 
the more derived callitrichins lack third molars, have re­
duced second molars, and produce dizygotic twins, an un­
usual strategy for an anthropoid. Their mating system and 
social organization, which involve extensive paternal and 
sibling care of young offspring and, in some cases, polyan­
drous mating, may relate to the heavy reproductive load that 
females experience. Some species of Callithrix, and the 
monotypic Cebuella, are highly gumivorous, having evolved 
a modified dentition that permits them to gouge and scrape 
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tree bark to promote the flow of secretions that the animals 
then harvest. Although they have rather unconvoluted 
brains, clawed fingertips, and morphologically simple mo­
lars (all resemblances to "primitive" mammals), callitrichines 
evolved this adaptive pattern secondarily, at least partially as 
an allometric consequence of small size. The golden-lion 
marmoset, Leontopithecus, literally on the brink of extinction 
in the 1980s, is the first mammal to have been captively bred 
and then reintroduced successfully into a park preserve 
within its native geographical range. 

The poorly known Micodon kiotensis from the Middle 
Miocene (14-12 Ma) of La Venta, Colombia, is possibly a 
fossil marmoset. It is similar in size to the larger eastern Brazil­
ian marmosets, but it does not have the highly reduced fourth 
upper-molar cusp (hypocone) that typifies the callitrichin 
tribe. Another La Venta species, Mohanamico hershkovitzi, is 
sometimes thought to be a pitheciine but is most likely a close 
relative of Callimico. A third genus, Patasola, was described in 
1997 as a callitrichine. Together, they indicate a fairly ancient 
origin for the group. On the other hand, the recently de­
scribed Lagonimico conclucatuswas originally considered a gi­
ant tamarin but is probably better interpreted as a pitheciine. 

Calli trichinae 
Callimiconini 

Callimico 
?t Mohanamico 

Callitrichini 
Saguinus 
Leontopithecus 
Callithrix 
Cebuella 

incertae sedis 
?tMicodon 
?t Patasola 

textinct 

See also Allometry; Americas; Ateloidea; Brain; Cebinae; 
Diet; Dwarfism; Teeth. [A.L.R.] 

Further Readings 
Hershkovitz, P. (1977) New World Monkeys (Platyrrhini), 

Vol. 1: Callitrichidae. Chicago: University of Chicago 
Press. 

Leutenegger, W (1980) Monogamy in callitrichids: A con­
sequence of phyletic dwarfism? Int. J. Primatol. 
1:95-98. 

Rosenberger, A.L. (1984) Aspects of the systematics and 
evolution of the marmosets. In M.T. de Mello (ed.): A 
Primatologia no Brasil. Belo Horizonte: Universidade 
Federal de Minas Gerais, pp. 160-180. 

Rosenberger, A.L., Setoguchi, T., and Hartwig, WC 
(1991) Laventiana annectens, new fossil evidence for 
the origins of callitrichine New World monkeys. Proc. 
Nat. Acad. Sci. USA 88:2137-2140. 

Rosenberger, A.L., Setoguchi, T., and Shigehara, N. (1990) 
The fossil record of callitrichine primates. J Hum. 
Evol. 19:209-236. 

Sussman, R.W, and Kinzey, WG. (1984) The ecological 
role of the Callitrichidae. Am. J. Phys. Anthropol. 
64:419-449. 

Candelabra Model 
Name that W.W. Howells used to represent F. Weidenreich 
and C.S. Coon's polyphyletic evolutionary schemes of sev­
eral parallel local transitions from Homo erectus to Homo 
sapiens in different continents. However, while Coon's model 
of multi regional evolution did, indeed, feature separate evo­
lutionary branches and could be accurately depicted as a can­
delabra, Weidenreich's scheme, like present versions of mul­
tiregional evolution, also emphasized interregional gene flow 
and could be more appropriately represented as a reticulate 
or an anastomosing nerwork. 

See also Coon, Carleton Stevens; Homo sapiens; Howells, 
William White; Modern Human Origins; Weidenreich, 
Franz. [CB.s.] 

Further Readings 
Stringer, CB. (1994) Out of Africa: A personal history. In 

M. Nitecki and DV Nitecki (eds.): Origins of 
Anatomically Modern Humans. New York: Plenum, 
pp.149-172. 

Capsian 
Late Paleolithic industry of North Africa named for the type site 
of el-Mekta near Gafsa in southern Tunisia, of early Holocene 
age, ca. 10-6 Ka. The Caps ian is characterized by large backed 
points and blades, truncation burins, microburins, and mi­
croliths, especially lunates or segments and gravettes in the early 
phase. In the more widespread Upper phase (actually contem­
poraneous or earlier), tools are smaller, and geometric mi­
croliths (especially trapezoids and triangles), along with bone 
awls, ostrich-eggshell beads, and polishing stones, are more 
common. Sites are often associated with large piles of snail 
shells, leading to the theory that snails formed a large, although 
seasonal, part of the Capsian diet. An earlier-to-contemporary, 
and probably unrelated backed-blade industry in Kenya, the 
Eburran, was originally termed the Kenya Caps ian. 

See also Economy, Prehistoric; Late Paleolithic; Later Stone 
Age; Mesolithic; Stone-Tool Making. [A.S.B.] 

Carpolestidae 
A family of primarily Paleocene archaic primates found in 
several North American localities and in the Early Eocene of 
China, but, interestingly (like the picrodontids), absent from 
the fossil record of Europe. The distribution of carpolestids 
points out some of the major gaps in our knowledge of ar­
chaic primates, but it also educates about the timing and na­
ture of hoi arctic dispersal of primates in the Paleocene and 
Early Eocene. There are four recognized genera: The Car­
polestinae consists of the Middle Paleocene North American 
Elphidotarsius, the Late Paleocene North American Car po­
daptes (including Carpolestes), and the Late Paleocene-Early 
Eocene Chinese and North American Carpocristes, whereas 



the long distinct and most primitive Early Eocene Chinese 
Chronolesteswarrants its own subfamily, Chronolestinae. 

The distribution of these primates points to some dis­
persal probabilities for archaic primates and other mammals 
across the Bering area between Asia and North America in 
the Paleocene-Eocene. In the ancestry of the North Ameri­
can Elphidotarsius lurks a chronolestine carpolestid. In light 
of early Plesiadapiformes in North America, this ancestry 
was likely North American, in spite of the fact that this sub­
family is not as yet represented in America and that the rep­
resentatives of these earliest chronolestine carpolestids dis­
persed to Asia in the Early Paleocene. In addition, the latest 
Paleocene-earliest Eocene also witnessed the arrival of many 
Asian forms into North America (including euprimates and 
rodents among other groups) but also gave access to Asia for 
North American lineages like Carpocristes. 

Carpolestids display a specialization in their cheek teeth 
called plagiaulacoidy, a term coined for the similarity of some 
mammalian teeth to those of Jurassic multituberculate postca­
nine teeth. Plagiaulacoidy has been defined as a condition in 
which one or more of the cheek teeth are modified into com­
pressed, bladelike structures with serrated cutting edges on the 
top. This specialization can be recognized in an incipient state 
in the oldest carpolestid genus, but it is even more rudimen­
tary in the dentally most primitive, but youngest, Chinese 
Chronolestes. Both the more primitive and the more advanced 
species of carpolestines are characterized by a vertically semi­
circular bladelike enlargement of the fourth lower premolar 
and the equally enlarged but flattened and expanded upper 
third and fourth premolars. In advanced carpolestid upper 
premolars, these teeth become polycuspate, and the cusps are 
arranged into three mesiodistally aligned parallel rows. 

In addition to this premolar specialization, carpolestids 
also display their heritage of enlarged incisors but seem to 
have evolved a reduced anterior dentition in the dentally 
more advanced Carpolestinae. The more advanced species of 
Carpodaptes drastically reduce the second incisors, the ca­
nines and the remaining second and third premolars above, 
and the third premolar below. 

The incisors, the premolars, and the molars bear special 
similarity to the earliest well-known plesiadapid (Pronotho­
dectes) and Saxonella. This is the reason carpolestids are con­
sidered close relatives of plesiadapids and the Saxonellidae 
and are included in the superfamily Plesiadapoidea. 

The function and the biological roles of the plagiaula­
coid dentition of carpolestids (we do not know the number 
of possible roles these teeth may have performed), along with 
those of the other plagiaulacoid forms, have been of great in­
terest to students of mammalian evolution. Although em­
phasis is clearly on some cutting-sawing function by these in­
dependently evolved dental structures, the nature of the 
selective agents that molded this solution is not entirely clear. 
Advanced carpolestids, with their plagiaulacoid lower blades 
moving food across the rasplike and unique upper premo­
lars, probably consumed some vegetable diet of high-fiber 
content. These foods could have been fruits, nuts, or even 
succulent shoots. These mouse-to-rat-sized primates might 
have exploited a relatively narrow adaptive zone due to the 

CARPOLESTIDAE 

---

Reconstructed skull of the late Paleocene Carpodaptes dubius from 
North American (above), and the partial upper and lower dentition of 
the late Paleocene Carpodaptes hazelae. Scale for the skull is J cm, and 
scales for the teeth, 1 mm. Courtesy of Frederick S. Szalay, from Szalay 
and Delson, 1979. 

special abilities of their premolar dentitions. The great simi­
larity of their molar teeth strongly suggests that the differ­
ences between Elphidotarsius, Carpodaptes, and Carpocristes 
species were not due to significantly different diets but rather 
to the steady improvement in design for the same biological 
roles through the latter half of the Paleocene into the Eocene. 

Carpolestids are not known to have given rise to any 
other group of primates. Their fossils, along with those of the 
primate family Plesiadapidae, are of particular value to pale­
ontologists for the dating of Paleocene rocks in North Amer­
ica. These species were rapidly evolving but widespread, with 
the consequence that the individually recognized species 
were of short duration, and therefore, of great stratigraphic 
value. 

Family Carpolestidae 
Subfamily Carpolestinae 

t Elphidotarsius 
t Carpodaptes (incl. t Carpolestes) 
t Carpocristes 

Subfamily Chronolestinae 
t Chronolestes 

textinct 

See also Eocene; Paleocene; Plesiadapidae; Plesiadapiformes; 
Plesiadapoidea; Saxonellidae; Teeth. [F.S.S.] 
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Further Readings 
Beard, K.C., and Wang,]. (1995) The first Asian plesi­

adapoids (Mammalia, Primatomorpha). Ann. 
Carnegie Mus. 64:1-33. 

Szalay, ES., and Delson, E. (1979) Evolutionary History of 
the Primates. New York: Academic. 

Cartailhac, Emile (1845-1921) 
French prehistorian. During the 1860s, Cartailhac became 
associated with G. de Mortillet (1821-1898), and together 
they had an integral role in the founding of the Inter­
national Congress of Anthropology and Prehistoric Archae­
ology, which held its inaugural meeting in Neuchatel, 
Switzerland, in 1866. Soon thereafter, he became the owner 
of Materiaux pour l'histoire naturelle et primitive de l'homme, 
a journal founded by de Mortillet. Under Cartailhac's edi­
torship, this journal became an influential vehicle for the 
promotion of anthropology and prehistory. In 1890, how­
ever, the journal was united with the Revue d'Anthropologie 
and the Revue d'Ethnologie to form L'Anthropologie---of 
which Cartailhac was coeditor until 1895, when M. Boule 
(1861-1942) took over the editorship. Along with his pub­
lishing activities, Cartailhac was also associated with the 
study of numerous European prehistoric sites (e.g., AI­
tamira, La Ferrassie, Grimaldi). Among his most notable 
publications is the now classic survey La France prehis­
torique (1889). 

See also Altamira; Boule, [Pierre] Marcellin; Grimaldi; La 
Ferrassie; Mortillet, Gabriel de. [ES.] 

(fatal Hiiyiik 
Neolithic site 40 km southeast of Konya in Central Turkey, 
occupied for at least 1,000 years, from ca. 8.5 Ka. Excavations 
directed by]. Mellaart from 1961 to 1965 focused on the Ne­
olithic 16-ha eastern mound and largely ignored the later 13-
ha mound to the west. An unusually large site for its period, 
C;:atal has yielded a wealth of organic materials, including bas­
kets, textiles, and wooden objects; abundant ceramics and 
worked-stone artifacts; unique and well-preserved architec­
ture with elaborate paintings and plaster reliefs, both geomet­
ric and representational; and almost 500 intramural burials. 
Analysis of the skeletal material by J.L. Angel suggested the 
prevalence of widespread anemias, possibly reflecting genetic 
responses to an increasing incidence of malaria as fields were 
cleared and watered for agriculture. He also nored an unusu­
ally high level of traumatic injuries to adult males, suggesting 
frequent intergroup or interpersonal conflict. New excava­
tions at the site began in 1993. 

See also Asia, Western; Complex Societies; Neolithic. [C.K., 
ASB.] 

Further Reading 
Hodder, I., (ed.) (1996) On the surface. Cambridge: 

McDonald Institute. 
Mellart, J. (1967) C;:atal Hiiyiik: A Neolithic Town in Ana­

tolia. New York: Academic Press. 

Catarrhini 
Old World infraorder of Anthropoidea, including the fami­
lies Propliopithecidae, Pliopithecidae, Cercopithecidae, Pro­
consulidae, Hylobatidae, and Hominidae, as well as Mio­
cene forms included here in the" Dendropithecus-group." Of 
these seven sets of Mro-Eurasian higher primates, four are 
extinct (three African and one Eurasian), while one is extant 
in Asia and two are extant in both Mrica and Asia, with ex­
tinct European representatives (other than the worldwide 
Homo and the relict or introduced Gibraltar macaque). The 
last three named families appear to form a monophyletic su­
perfamily Hominoidea as they are understood here. 

Catarrhine Characteristics 
Defining the catarrhines by means of uniquely shared charac­
ters depends upon which taxa are considered when such a list 
is developed. If only the living forms are examined, the list of 
such characters is long and includes numerous features not 
determinable for any fossils, as well as others known only for 
a few extinct forms. Such a list, of course, can yield informa­
tion only about the last common ancestor of the living forms, 
and still earlier catarrhines, or even earlier ancestors, might 
present a different mosaic of character states. Nonetheless, an 
abbreviated version of such a list does provide a starting point 
for a survey of catarrhine morphology and evolution. 

Research in the 1980s and 1990s suggests that the an­
cestor of living catarrhines (Cercopithecoidea and Homi­
noidea, here termed the Eucatarrhini) would have been char­
acterized by the following dental features, which are derived 
by comparison with those of an ancestral anthropoid and are 
not known to have evolved in parallel among platyrrhines: 
dental formula of 2-1-2-3; singlecusped, bilaterally com­
pressed P3, involved in honing Cl; and five-cusped lower 
molars with no paraconid, midline distal hypoconulid (not 
very large on M

3
), talonid and trigonid of roughly equal 

height, and M2 rather larger than M] but only slightly 
smaller than M

3
. The presence of a wear facet (termed facet 

x) caused by Phase 2 contact between the distolingual surface 
of the protoconid and the mesiobuccal aspect of the proto­
cone has also been used as a diagnostic catarrhine feature, 
but it now appears that this may have been developed in par­
allel in several anthropoid lineages. Cranially, such characters 
might include a moderately prominent glabella, separate 
from the supraorbital tori; a tubular external auditory mea­
tus; a moderately developed mandibular inferior transverse 
torus; a long mandibular ramus with nearly vertical anterior 
margin; a U-shaped mandibular arcade; and very reduced ol­
factory lobes of the brain. Postcranially, characters of this 
type might include humerus with low deltopectoral and 
supinator crests, a narrow brachial is flange, and a deep ole­
cranon fossa, but with no entepicondylar foramen or dorsal 
epitrochlear fossa; ulna with weak pronator crest and round 
head; ischium with expanded tuberosity (and callosities); 
and a synovial distal joint between the tibia and the fibula. 

Relationships of Major Catarrhine Subgroups 
If we now examine a variety of fossils, it is possible to see 
which of these characters they share and, thus, how strongly 



they are linked to the modern catarrhines. A number of 
Eocene and Oligocene Old World taxa have been previously 
included in the catarrhines, but, as discussed in ANTHRO­
POIDEA, few such referrals are accepted here. In brief, Djebele­
mur, Pondaungia, and Amphipithecus are best interpreted as 
adapiforms; Eosimias is a tarsioid; the oligopithecids are prob­
ably archaic anthropoids; and the parapithecids are likely ad­
vanced early anthropoids but probably not catarrhines. Only 
the last two of these taxa merit further discussion here. 

The parapithecids include five genera from the Fayum 
Eo-Oligocene and probably three others from slightly earlier 
North African sites. E.L. Simons has long argued that they 
are the sister taxon to Cercopithecidae; E. Delson has con­

sidered them to be the sister of all other catarrhines and has 
formally termed them Paracatarrhini; R. Hoffstetter has pro­
posed that they may be the African sister taxon of the 
platyrrhines; and in the late 1980s T. Harrison and then J. G. 
Fleagle and R.E Kay suggested that parapithecids are the sis­
ter taxon to Platyrrhini plus Catarrhini, thus archaic anthro­
poids (the view accepted here). It is now widely agreed 
that parapithecids share no derived features with either 
cercopithecids or platyrrhines, the apparent similarities that 
do exist being best interpreted as parallelisms. 

Of the list of catarrhine features noted above, para­
pithecids share a moderate glabella, molar trigonids and 
talonids of nearly equal height, and a well-developed midline 
distal hypoconulid with a generally large distal fovea. They are 
clearly less derived than any other catarrhine in the following 
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Diagram of evolutionary relationships and temporal ranges of the higher 
taxa of catarrhine primates. Solid vertical lines indicate known ranges, 
heavy dashed lines indicate probable range extensions, and dots represent 
phyletic relationships. 

CATARRHINI 

features (and conservative by comparison with platyrrhines in 
those marked with *): retention ofP2 (which may show hon­
ing contact with the canine), molar paraconids (at least in 
some species), lingually open P 4 trigonid, small P 4 metaconid 
placed distolingual to protoconid*, a weak mandibular infe­
rior torus, shallow corpus, short ramus with sloping anterior 
margin, narrow tibial shaft*, and a fibrous distal joint between 
the tibia and the fibula. They share with the propliopithecids 
(see below) an annular auditory meatus, large olfactory bulb*, 
and numerous conservative postcranial features, such as hu­
merus with prominent deltopectoral crest, high supinator 
crest, elongate capitulum, shallow olecranon fossa, moderate 
brachialis flange, entepicondylar foramen, and dorsal 
epitrochlear fossa; and ulna with prominent pronator crest. 
Two conservative parapithecid features cannot be determined 
in propliopithecids: ulna with narrow head* and ischium with 
narrow tuberosity* (and presumably no callosities). Unique 
derived features shared by at least several parapithecids are ap­
parently restricted to a central conule on the upper premolars 
and a sulcus separating the metaconid from the protoconid on 
P4. Despite a few derived similarities with catarrhines, it now 
appears most likely that the parapithecid clade split away from 
a common anthropoid ancestral "stock" before the platyr­
rhines and the catarrhines diverged. This situation is even 
more true for the oligopithecids, now well represented by 
Catopithecus. Although Simons and D.T. Rasmussen have in­
cluded this group as a subfamily ofPropliopithecidae, only the 
two-premolared condition is a shared derived feature, bur one 
that does not appear to be homologous. Dentally, cranially, 
and postcranially, oligopithecids are marginally acceptable as 
anthropoids, but the most primitive ones now known. 

Eocatarrhini: The Archaic Catarrhines 
The Oligocene and many Miocene catarrhines are not spe­
cially related to the modern eucatarrhines. Instead, they appear 
to form a "comb" of successive clades or radiations, each with a 
larger frequency of cucatarrhine character states. Of these, the 
Propliopithecidae includes only one genus with several species; 
the Pliopithecidae is a monophyletic group of six to eight gen­
era; and the" Dendropithecus-group" is a paraphyletic group of 
six Early-to-Middle Miocene East African genera intermediate 
in morphology between pliopithecids and eucatarrhines. 

Propliopithecus of the Fayum and Omani Early 
Oligocene is known by fragments of up to five species, bur 
the most complete remains are those of P zeuxis, sometimes 
placed in the genus Aegyptopithecus. This species, and pre­
sumably its congeners, is derived by comparison with the 
parapithecids in such features as having lost P2 and possess­
ing a bilaterally compressed P

3 
that hones 0; P4 with lin­

gually closed trigonid and metaconid subequal in size to di­
rectly buccal protoconid; lower molars lacking paraconids 
bur with facet x; inferior transverse torus of mandible mod­
erately developed; long ramus with vertical anterior border; 
corpus deep under M]; no contact between zygomatic and 
parietal bones in temporal fossa and clearly closed rear of or­
bit; and a moderately broad tibial shaft with synovial joint 
between tibia and fibula distally. A number of conservative 
conditions are shared with pliopithecids and listed below. It 
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Idealized drawings of left M2 above right M2 of representative 
catarrhines and early anthropoids. (Aj Catopithecus; (Bj Parapithecus; 
(Cj Propliopithecus; (Dj Pliopithecus; (Ej Vicroriapithecus; (Fj 
Oreopithecus; (Gj Proconsul; (Hj Sivapithecus. 

is as yet unknown whether propliopithecids are derived com­
pared with parapithecids in the shape of the ulnar head, de­
velopment of the ischial tuberosity, size of the femoral lesser 
trochanter, or depth of the femoral distal condyles. If not, 
the derived state(s) would have been evolved independently 
in platyrrhines and later catarrhines; in turn, this would 
strengthen a parapithecid link to catarrhines. The Proplio­
pithecidae now represent the most ancient known catar­
rhines and provide a tentative model for the eucatarrhine 
common ancestor. 

Pliopithecus, known from several European Middle 
Miocene partial skeletons, is, in turn, further derived than 
Propliopithecus in having a P 4 somewhat longer than broad, a 
prominent glabellar region, and a hallux with a modified 
saddle joint, as well as having lost the dorsal epitrochlear 
fossa on the distal humerus. Both genera retain such ances­
tral anthropoid conditions as a ringlike external auditory 
meatus (partly tubular in Pliopithecus, as in juvenile euca­
tarrhines); distinct prehallux bone in the foot; humerus with 
entepicondylar foramen, moderately broad brachialis flange, 
high supinator crest, shallow olecranon fossa, and elongate 
capitulum; ulna with prominent pronator crest and narrow 
head; and narrow ischial tuberosity (the latter two are un­
known in propliopithecids). The other genera of pliopithe­
cids are less well known but agree with Pliopithecus in most of 
these conditions where determination is possible. Among 
the most fascinating aspects of the pliopithecids is their pres­
ence in the fossil record contemporaneous with, or younger 
than, a number of far more derived taxa; they must have di­
verged from propliopithecidlike ancestors by mid-Oligocene 
time and then remained relatively rare in some as yet unsam­
pled region or habitat of Mrica. When that island continent 
finally contacted Eurasia by ca. 19 Ma, pliopithecids were 
among the first mammals to leave, entering eastern Asia, 
whence they seem to have reached Europe perhaps twice. 

The generally older Early-Middle Miocene small ca­
tarrhines from Africa are more derived than pliopithecids 
when character states can be observed. The best known of 

these forms is Dendropithecus, whose humerus has low del­
topectoral and supinator crests and a narrow bicipital groove 
and lacks an entepicondylar foramen, although the olecra­
non fossa is conservatively deep. Simiolus also presents post­
cranial elements that may place it closer to the last common 
ancestor of Hominoidea and Cercopithecoidea. Micropithe­
cus, Kalepithecus, Nyanzapithecus (a possible Oreopithecus rel­
ative), Limnopithecus, and Turkanapithecus (the last two pos­
sibly proconsulids) are generally less fully preserved, but the 
last form may be the most derived of all. Most of these genera 
(especially the pliopithecids) have at various times been al­
lied with the Hylobatidae, but that was mainly on the basis 
of small size and relatively gracile limb bones, rather than any 
sharing of the distinctive derived postcranial features of gib­
bons. Based on subjective considerations, it appears reason­
able to suggest that Dendropithecus and any species mono­
phyletically linked to it merit placement in a family distinct 
from any so far named, but that step is not taken here. In­
stead, the "Dendropithecus-group" is used as an informal 
cluster of taxa between the pliopithecids and the common 
eucatarrhine ancestor. 

Eucatarrhini: The "Modern" Catarrhines 
HOMINOIDEA 

Recent finds have pushed the first occurrence of hominoid 
eucatarrhines back into the final Oligocene, where they are 
older than any other catarrhine but Propliopithecus. The 
hominoids comprise mainly the hylobatids and the hom­
inids, the latter including Pongo and its extinct allies, African 
apes plus humans, and a group of mostly fragmentary 
Miocene taxa that share with later hominids such derived fea­
tures as thick molar enamel, elongated premolars, robust P 3 

and canines, spatulate J2, subparallel tooth rows, deep man­
dibular symphysis with superior torus less pronounced than 
inferior, enlarged maxillary sinus, and/or prominent keels on 
humeral trochlea. The Early Miocene Proconsul appears to fall 
between this latter group and Dendropithecus, in that it pre­
sents such ancestral hominoid features as P 3 with low crown, 
upper premolars with reduced cusp heteromorphy, develop­
ment of the maxillary jugum, frontal bone wider at bregma 
than anteriorly, strong humeral trochlear keels but without 
sulci bordering the lateral keel, humeral head medically ori­
ented, rounded and larger than the femoral head, and scapula 
with elongated vertebral border and robust acromion (the last 
several not known for Dendropithecus). On this basis, the fam­
ily Proconsulidae is included in the Hominoidea. In addition 
to several species of mainly Early Miocene Proconsul and the 
poorly known Rangwapithecus, the Oligocene Kamoyapithe­
cus is also placed in the Proconsulidae. 

By the end of the Early Miocene (ca. 17 Ma), the first 
hominoids appear with features that link them to the living ho­
minids. Aftopithecus has thick molar enamel and relatively large 
upper premolars compared to its molars. The slightly younger 
Kenyapithecus also had somewhat more modern postcranial el­
ements. About the same time (ca. 15 Ma), the broadly similar 
Griphopithecus is found in Turkey and Central Europe. Moroto­
pithecus (ca. 20 Myr old) may also differ from Aftopithecus in its 
more advanced postcranium. These kenyapithecines represent 



an early radiation of archaic hominids not clearly linked to any 
living forms. Although there is no fossil record, it is likely that 
this time interval saw the divergence of the hylobatids from an­
cestral hominoids, perhaps in Eurasia. 

The Middle-to-Late Miocene dryopithecines are on the 
border of relationship to the living great apes but still cannot 
be definitively included in either modern subfamily. Dryo­
pithecus is known from Europe between ca. 13 and 8 Ma and is 
represented by crania in Hungary and Spain, the latter associ­
ated with a partial skeleton. Molar enamel is thin, but the sub­
nasal region and the limb bones appear somewhat more like 
modern apes than those of the kenyapithecines. Some authors 
have suggested that Dryopithecus be included in Homininae 
and others in Ponginae, but both views appear overstated. In­
stead, the genus represents a reasonable approach to the last 
common ancestor of those later clades (although its thin 
enamel seems to be a reversal that sets it off from direct ances­
try). Oreopithecusof the Italian Late Miocene is broadly similar 
to Dryopithecus postcranially, but its highly distinctive denti­
tion leads to its continued placement in a separate subfamily. 
Its previously suggested affiliation with Cercopithecidae has 
been rejected. 

Sivapithecus from the Siwaliks of Pakistan and India ap­
pears to be the first hominoid with derived similarities to a 
modern genus. In its narrow interorbital pillar, ovoid orbits, ex­
panded and flattened zygomatic region, well-developed 
airorhynchy, lack of glabellar thickening or browridges, a ro­
tated premaxilla giving a smooth floor to the nasal cavity, an ex­
tremely reduced incisive canal with no incisive fossa, and small 
upper lateral incisors very small relative to the central and rela­
tively thick molar enamel, Sivapithecus presents a complex of 
character states otherwise found only in Pongo, the orangutan. 
Most of its postcranium is also rather modern, although the 
proximal humerus is more conservative than in any living 
hominoid (including hylobatids); this latter feature may reflect 
habitus more than heritage, however. Sivapithecus specimens 
with these diagnostic features appear as early as 12 Ma, provid­
ing a solid minimum age for the hominine-pongine divergence. 
Ankarapithecus(ca. lO Ma in Turkey) may be a less-derived rep­
resentative ofPonginae, with somewhat intermediate upper fa­
cial morphology and a conservative palate; it is too late to be an 
actual ancestor for Sivapithecus but (like Pliopithecus) presum­
ably lasted well after its descendants became widespread. 

The Homininae is perhaps the least well known homin­
oid clade in the Miocene. Cranially, hominines are relatively 
conservative, with a stepped premaxillary-maxillary contact 
in the subnasal area (a condition likely ancestral to the 
pongine state), wide interorbital pillar, and moderately sized 
P. The only diagnostic facial complex seems to be increased 
klinorhynchy, including well-developed browridges and 
glabella. Thus, recognition of early hominines requires rela­
tively complete fossil material. As of the late 1990s, the only 
reasonable candidate for such a role was Graecopithecus, 
known from Greece between ca. 10 and 8 Ma. It also has ex­
tremely thick molar enamel and reduced canine height, as 
well as a rather gorillalike face. Samburupithecus from Kenya 
may be a contemporaneous African equivalent. The next sev­
eral million years are nearly void of potential hominine fos-
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sils, although this is the very time that the molecular clock 
predicts divergence of the gorilla and then the chimpanzee 
clades from the early human lineage. During the Pliocene, 
the latter diversified into Australopithecus, Ardipithecus, 
Paranthropus, and eventually Homo. In turn, during the 
Pleistocene, Homo spread out of Africa and across the Old 
World, probably in several successive migrations, coming to 
dominate the natural environment through technology. 

CERCO PITHECOIDEA 

Views of Old World monkey evolutionary history generally 
agree that the postcranium and perhaps skull, as well as the 
teeth, of cercopithecoids are derived by comparison to the eu­
catarrhine morphotype. Previously, it was thought that mon­
keys were primitive, but detailed study demonstrated that in 
addition to the derived bilophodont dentition, the terrestri­
ally adapted postcranium is about as different from the com­
mon ancestor as is that of the hominoids. B.R. Benefit and 
M.L. McCrossin have further argued that facial remains of 
early cercopithecoids share a relatively narrow interorbital 
pillar, frontal trigone (depression bounded by raised tempo­
rallines), and elongated muzzle with faces of Propliopithecus 
and Afropithecus. They have suggested that this implies that 
such a pattern was ancestral for catarrhines, in opposition to 
the previous view that a relatively short face, widely spaced 
orbits, and rounded vault (as in colobines and gibbons and, 
to a lesser degree, humans, Oreopithecus, and Pliopithecus) 
were ancestral. This question has not been resolved. 

The later Early and Middle Miocene African Victoria­
pithecus and Prohylobates document the earliest definite cer­
copithecoids, albeit less completely bilophodont than later 
monkeys. These forms present a variable expression of the 
hypoconulid on lower dP4-M2 (lost entirely in later cerco­
pithecids) and an incomplete formation of the distal trans­
verse loph combined with variable expression of a crista obli­
qua on upper molars. These and other features have led 
Benefit to place the two genera in the family Victoriapitheci­
dae, but here this taxon is ranked as a subfamily. 

The first occurrence of colobines is nearly contempora­
neous in East Africa and Europe, ca. 10 Ma, but cerco­
pithecines do not appear until several Myr later (North 
Africa). The European colobines form a terrestrial clade that 
may also extend into northern Asia in the Pliocene, while the 
numerous modern genera of southern Asian colobines are 
poorly represented in the fossil record. A variety of macaques 
and more terrestrial relatives occur across Eurasia. In Africa, 
there is a radiation oflarge colobines in the Pliocene, along­
side a long-lived lineage of Theropithecus which shows con­
tinuing size increase into the Middle Pleistocene. 

See also Africa; Afropithecus; Anthropoidea; Asia, Eastern 
and Southern; Australopithecus; Cercopithecidae; Cerco­
pithecinae; Colobinae; "Dendropithecus-Group"; Diet; 
Dryopithecinae; Europe; Fayum; Griphopithecus; Homin­
idae; Homininae; Hominoidea; Homo; Kenyapithecinae; 
Kenyapithecus; Locomotion; Miocene; Molecular Clock; 
Morotopithecus; Oligocene; Oliogopithecidae; Oreopithe­
cus; Paranthropus; Parapithecidae; Pleistocene; Pliocene; 
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Pliopithecidae; Ponginae; Proconsulidae; Propliopithecidae; 
Samburupithecus; Sivapithecus; Skeleton; Skull; Teeth; Vic­
toriapithecinae. [E.D.l 
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Cation-Ratio Dating 
A highly controversial method of dating, based on the pro­
gressive weathering of desert varnish films on rock surfaces of 
arid and semiarid regions. Desert varnish, which forms 
through biogeochemical weathering of diurnally heated 
rock, gradually becomes enriched in titanium (Ti4+) relative 
to potassium (K+) and calcium (Ca2+) cations (a cation, or 
cat-ion, is a positively charged atomic fragment). The change 
in the cation ratio (Ca2++K+/Ti4+) with time is independent 
of the thickness or the extent of the varnish deposit, but it is 
influenced by changes in humidity and temperature. The ef­
fects of short-term climate swings are damped out by the 
slow rate of enrichment, but regional long-term climate 
change has an effect that must be controlled for the cation ra­
tios to have a geochronometric value. It has been found that, 
in any local geomorphological surface or terrain, the desert 
varnish on all stabilized rocks usually has the same ratio of 
these cations, indicating a common starting age. Indepen­
dent calibration of these terrains, through 14C (carbon-14) or 
Th/U analysis of fossils or authigenic carbonate in younger 
surfaces, and K/Ar (potassium-argon) dating of volcanics as­
sociated with older surfaces, leads to a regional time/weather­
ing curve to which the cation ratio in other varnishes from 
the region can be compared. In this way, open-air sites on ter­
races and malpais flats, and even surface finds removed from 
the field, can be given reasonably accurate year-ages. 

The method, which is relatively new, has been criticized 
on several grounds. Extreme temperatures, from fire or light­
ning, may temporarily disrupt the structure of the varnish 
and expose it to differential leaching, as may submergence in 
a water body for any length of time or exposure to the chem­
ical environment at the base of a transient sheet of vegetated 
soi!' Burial also halts the formation, and presumably the Ti4+ 
enrichment, of the varnish. These potentially biasing events 

are, for the most part, impossible to reconstruct from the ge­
ological and geochemical analysis, and their effects on the 
cation ratio are difficult to contro!' In addition, the cation 
quantities must be determined with extreme accuracy, and 
the pioneering analytical method of dispersive x-ray emis­
sion (PIXE) has the potential, according to some critics, of 
confusing barium and titanium signals. In 1998, Beck and 
colleagues questioned the validity of the radiocarbon dating 
program used to calibrate R. Dorn's cation method. 

See also Beryllium and Aluminum Nuclide Dating; Geo­
chronometry; Obsidian Hydration; Radiocarbon Dating. 
[J.A.VCl 
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Cave of Hearths 
South African (Transvaal) site excavated by R.J. Mason 
that has produced a long and deeply stratified, Early and 
Middle Paleolithic archaeological sequence and hominid 
fossil remains. The earliest levels of Cave of Hearths (Beds 
1-3) are Acheulean and are associated with faunal remains of 
extinct mammals, such as Archidiskodon broomi ( = Elephas 
iolensis), Equus helmei, Alcelaphhus robustus, and Antidorcas 
cf bondi. A late Middle Pleistocene age is suggested. Several 
distinct hearths with burnt bone have been found in these 
levels. Following a stratigraphic break, several horizons of 
Middle Stone Age assemblages featuring large flake blades 
made of quartzite and relatively few retouched tools are de­
posited in Beds 4-5. These are followed by three horizons 
(Beds 6-8) with fewer blades, more radial core technology 
and increasing numbers of retouched tools, particularly 
trimmed unifacial and bifacial points that reach frequencies 
of 10 percent-12 percent of the assemblage, and sidescrapers 
that attain a frequency of ca. 15 percent. The uppermost 
Middle Paleolithic level (Bed 9) contains an even larger pro­
portion of trimmed points and sidescrapers, with the addi­
tion of backed blades and crescents. This latter industry may 
be referred to the Howieson's Poort, which has been dated 
elsewhere in Southern Africa to ca. 80-60 Ka. 

A fragmentary mandible of a subadult individual was 
recovered from the Acheulean levels in 1947. The mandible 
is robust and has a moderate development of a chin and 
three fairly large teeth. It is notable for the rare condition (in 
fossil hominids) of congenital absence of the third molar. 
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Classification and interrelationships of cebine and callitrichine platyrrhine monkeys. 

See also Africa; Archaic Homo sapiens. [J .].S., A.S.B., C.B.S.] 

Cebidae 
Family of New World platyrrhine monkeys including the 
subfamilies Cebinae and Calli trichinae, with their fossil al­
lies, and the extinct subfamily Branisellinae. This taxonomic 
composition differs from most classifications. The tradi­
tional definition of the family dates to the middle 1800s. It 
was a gradistic concept designed to accommodate taxa 
thought to be separated by a chasm of morphological differ­
ence. The cebid group distinguished nonmarmosets (i.e., all 
platyrrhines bearing nailed digits) from the marmosets, 
which have claws and were judged to be diverse enough to 
warrant their own family, Callitrichidae or Hapalidae (occa­
sionally the Callimiconidae was recognized as well). It is now 
known, however, that this arrangement tends to confuse 
both the phylogenetic and the adaptive relationships of vari­
ous New World monkeys, particularly the cebines and cal­
litrichines. The current concept of the Cebidae is based upon 
the hypothesis that callitrichines (marmosets) and cebines 
form a monophyletic unit and that their morphological dif­
ferences relate to alternative lifestyles within a common fru­
givorous-insectivorous adaptive zone. The derived traits that 
these cebids display in common include reduced third mo­
lars; broad, large premolars; relatively large canines; and 
short faces. DNA sequencing confirms the cladistic relation­
ship of cebines and callitrichines, although it suggests that 
owl monkeys (Aotus) are part of this group as well. 

See also Atelidae; Branisellinae; Calli trichinae; Cebinae. 
[A.L.R.] 
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Cebinae 
Subfamily of cebid platyrrhine monkeys including Cebus 
(capuchins), Saimiri (squirrel monkeys), and fossil allies. 
They make up a predaceous-frugivorous, large-brained radi­
ation, which specializes in foraging concealed insects byex­
tracting them from foliage and crevices and sorting through 
dead leaf batches and infestations at broken branch ends. Ex­
tinct members include a Holocene form from the Domini­
can Republic, Antillothrix (previously "Saimiri") bernensis; a 
Middle Miocene (14-12 Ma) species from Colombia's La 
Venta, Saimiri (previously Neosaimirz) fieldsi; and rwo Early 
Miocene (21-19 Ma) species: Dolichocebus gaimanensis from 
Argentina and Chilecebus carrascoensis from Chile. The latter 
three may have very close, potentially ancestral, phylogenetic 
ties with Saimiri. Laventiana annectens, also from La Venta, 
is classified as a cebine but appears to be intermediate mor­
phologically berween cebines and callitrichines, emphasizing 
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the close relationship of these two subfamilies; some re­
searchers have synonymized it with Neosaimiri, however. Ce­
bines share only primitive platyrrhine resemblances with the 
atelid pitheciines and atelines, with whom they have been 
traditionally classified. Cebus and Saimiri share homologous 
derived traits, such as an enlarged brain, a rounded brain­
case, centrally placed foramen magnum, close-set orbits, ab­
breviated faces, large sexually dimorphic canines, broad pre­
molars, robust mandibles, and a semiprehensile tail. These 
characteristics are all interrelated facets of their foraging 
strategy. 

Cebinae 

Cebus 
t Antillothrix 

(t)Saimiri (including t Neosaimirz) 
t Dolichocebus 
t Chilecebus 
t Laventiana 

textinct 

See also Americas; Brain; Cebidae; Diet; La Venta; Locomo­
tion; Patagonia; Skull; Teeth. [A.L.R.] 
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Cenozoic 
Youngest and briefest era in the geological time scale, en­
compassing the last 65 Myr from the end of the Cretaceous 
to the present. The Cenozoic inherited an ancient subdivi­
sion of the "post-Chalk" strata into two parts: the Tertiary for 
consolidated deposits, and the Quaternary for glacial drift 
and alluvium. In modern time scales, the Quaternary period 
is restricted to the last 1.8 Myr, with one epoch, and the Ter­
tiary period covers all of the rest, with five epochs. Consensus 
is growing to replace the Tertiary with two periods, the Pale­
ogene and the Neogene, and it has been suggested that the 

name Quaternary be suppressed as well, in favor of a term 
such as Pleistogene or Anthropogene. 

The Cenozoic is popularly known as the Age of Mam­
mals, but the mammalian orders that inherited the world at 
the end of the Cretaceous are no longer with us. The Eocene 
was a time of almost total tranformation, when most of the 
extant placental orders made their first appearance in faunas 
that also contained the last of the surviving lineages from the 
Cretaceous. The first euprimates and proboscideans, how­
ever, are known from the Late Paleocene of Africa, and many 
regard the plesiadapiform Purgatorius, from the latest Creta­
ceous of Montana, as a member of the primates. 

In the Paleocene and the Eocene, global climate was sta­
bilized by efficient transfer of equatorial heat to high lati­
tudes, with a well-developed circumtropical current via the 
Tethys Ocean separating southern and northern continental 
regions. The Central Plateau of Antarctica probably had an 
ice cap even in the Early Cenozoic, but its controlling effect 
on world climate was not felt until the Oligocene. In the Pa­
leocene, ventilation and convection in the deep seas were 
controlled by thermohaline overturn in the tropics, bringing 
warm saline water to the abyssal depths. Thermohaline cir­
culation came to a dramatic end at the beginning of the 
Eocene, with the initiation of the present circulation driven 
by high-latitude advection of cold-water masses, but the 
oceans continued to be relatively warm during the Eocene. 
Thus, for the earliest third of the Cenozoic, seasons were rel­
atively undifferentiated; warm and moist climates prevailed 
over most of the globe; and continental aridity was rare. 

Gradually, however, northward motion of Gondwana 
plates pinched off the Tethys while opening up the seaways 
around Antarctica. With regard to the Tethys, diversion and 
narrowing of the equatorial circumglobal circulation began 
with the Early Cenozoic docking of the Anatolian, Iranian, 
and Indian landmasses along the Pontide-Elburz-Himalayan 
suture, and the Oligocene closing of the Mesogean straits of 
Central Europe in the Alpine-Carpathian suture. Total 
blockage came, first, in the Early Miocene contact of Afro­
Arabia against the Anatolian and Iranian borderland and, 
subsequently, by the Pliocene closures of the inter-American 
and Australo-Malaysian deep channels in northern Colom­
bia and the Flores Straits, respectively. 

The northward motion of the Australian, African, and 
South American landmasses also increased the volume and 
influence of the Circum-Antarctic Current. This led to ex­
pansion of the Antarctic ice cap and its increasing contact 
with the sea. Beginning in the Oligocene, the cold, dense wa­
ter masses produced by this contact drained ever more volu­
minously into the deep ocean basins, to well up in Coriolus 
cells along the west sides of the continents, with dramatic ef­
fects on continental climate. In this way, polar cold began to 
influence temperate regions, just as Tethys circulation, the 
basic agent in the transfer of equatorial warmth to higher lat­
itudes, began to break down. Climatic feedback, in the form 
of colder winters, acclerated the trend, creating ice caps in 
the northern polar regions that became a new source of 
refrigerated deep water in the Pliocene. The world's oceans 
beneath the thermocline are now almost at freezing and 



colder than at any time since the Permian. It is probable that 
the oceans will remain cold for as long as the continents re­
main in their present configuration, anthropogenic influ­
ences notwithstanding. For this reaon, the instability of Late 
Cenozoic climates, with orbitally driven swings from glacial 
to interglacial, is likely to continue indefinitely. 

The changes in continental geography and world climate 
during the Cenozoic appear to have been accompanied by a 
steady increase in the number of mammalian taxa. This trend 
seems intuitively unlikely, given the incorporation of formerly 
isolated continental faunas in Africa and South America and 
the waves of climate-driven extinction in the Pliocene and the 
Pleistocene. A continuous increase in mammalian diversity 
could, however, be related to an increasingly partitioned envi­
ronment. Sharply widening geographic and annual extremes 
in climatic parameters such as temperature, rainfall, and sea­
sonality, together with the rapidly increasing amplitude of 
variation in these parameters during the later Cenozoic, have 
resulred in the replacement of formerly extensive ecological 
regimes with far more complexly subdivided habitats. 

Some notable milestones in the progressive diversifica­
tion of continental environments in the Cenozoic were the 
initiation of temperate arid zones and of drought-tolerant 
tropical evergreen forests in the Oligocene; the expansion of 
fire-climax grass and conifer-dominated communities in the 
Late Miocene; and the spread of frost-tolerant deciduous 
forest in temperate high-rainfall regions during the Pliocene. 

By the end of the Eocene, mammals had already reoccu­
pied most of the niches formerly exploited by dinosaurs. The 
novel habitats that opened in the latter part of the Cenozoic, 
such as desert, steppe, tundra, deciduous forest, and polar 
ocean, called forth a second wave of adaptations among the 
mammals. Primates, a consistently conservative group perhaps 
more fundamentally dependent on tropical forest than any 
other major order, were not notably successful in coping with 
Cenozoic change. The Middle Miocene anthropoid expansion 
into Eurasia collapsed when temperate climates grew more 
seasonal, ca. lO Ma. Today, the only primates able to survive 
outside of the tropics and subtropics are Macaca and Homo. 

See also Climate Change and Evolution; Eocene; Grande 
Coupure; Miocene; Neogene; Oligocene; Paleocene; Plate 
Tectonics; Pleisrocene; Pliocene; Primates; Quaternary; Ter­
tiary; Time Scale. [J.A.Y.C.l 
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Ceprano 

Early Middle (or late Early) Pleistocene locality in Latium, 
Italy, southeast of Rome, dated older than 700 Ka by potas­
sium-argon and faunal correlation, which has yielded a par­
tial human cranium and stone tools. The site is located near 
the base of a thick (up to 50 m) section of later Pleistocene 
sediments, volcaniclastics, and basalts, the latter dated at a 
number of points and levels. Mousterian and later Acheulean 
artifacts have been recovered from the upper layers, with 
dates from ca. 400 to 100 Ka. Below that, there is an early 
Acheulean assemblage with bone tools, associated with a va­
riety of mammal species. This horizon is correlated to the 
Ranuccio site in the Agnani Basin, ca. 37 km distant, where 
it is dated ca. 460 Ka. The human fossil derives from a still 
lower level, which is otherwise sterile and reconstructed as a 
paleosol on a slope leading down to a marshy pool. Below 
this is another horizon yielding older mammalian fossils and 
Mode 1 artifacts. Basalts dated to ca. 700 Ka are correlated to 
a level above the cranium. It has been suggested that the cra­
nium might have been redeposited from the older faunal 
level and that it might date to more than 800 Ka, but this is 
not definite. 

The human fossil is represented by most of a slightly 
crushed and warped braincase, lacking much of the base and 
all of the face. The parietals are heavily damaged and frag­
mentary. The vault is low but rounded, with thick bones; the 
occiput is moderately angular. The supraorbital torus is 
heavy and turns down slightly at glabella. There is no sagittal 
keeling on the frontal bone. The cranial capacity has been es­
timated ca. 1050 ml. The original describers attribute the 
specimen to "late Homo erectus" because of the low vault, 
strong brows, and occipital shape. However, in light of what 
is known about other early European hominins, such as 
those from Petralona, Bilzingsleben, Arago, and Atapuerca 
TD6, it appears more likely that this cranium represents a 
population more derived than those usually included in H. 
erectus. It would perhaps better be included in "archaic Homo 
sapiens" ( = Homo heidelbergensis), albeit as an ancient and 
conservative member of that group. A. Ascenzi and col­
leagues note that such an interpretation is less likely due to 
the lack of fit between the Ceprano calvaria and the Mauer 
mandible (type of Homo heidelbergensis), adding that a better 
fit exists with the Tighenif 3 mandible. On the other hand, 
D. Dean has suggested that the Tighenif sample is better in­
cluded in "archaic Homo sapiens" than in Homo erectus, while 
J.-J. Hublin has argued for the resuscitation of H. mauritan­
icus (with Tighenif as holotype) to replace H. antecessor as a 
Euro-African post-erectus taxon including Ceprano and Ata­
puerca TD6. In 1998 it was reported that a new reconstruc­
tion of Ceprano has been made by R.J. Clarke which resulred 
in an even more Homo erectus-like morphology. Further 
analysis of the calvaria and recovery of facial elements are 
awaited with great interest. 
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See also Acheulean; Archaic Homo sapiens; Atapuerca; Eu­
rope; Homo antecessor; Homo erectus; Homo heidelber­
gensis. [E.D.J 
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Ascenzi, A., Bidditu, I., Cassoli, P.P., Segre, A.G., and 

Segre-Naldini, E. (1996) A calvarium oflate Homo 
erectus from Ceprano, Italy. J. Hum. Evo!. 
31 :409-423. 
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Cercopithecidae 

Family of living and extinct anthropoid primates, commonly 
known as the Old World monkeys. Cercopithecidae as rec­
ognized here is the only family in the superfamily Cerco­
pithecoidea and includes three subfumilies: Cercopithecinae, 
Colobinae, and the extinct Victoriapithecinae. The diagnostic 
derived characters of at least modern cercopithecids include loss 
of the hypoconulid on dP 4- M

2
, elongation of the cheek teeth, 

and realignment of the cusps into a bilophodont pattern with 
occluding upper and lower molars becoming mirror images of 
each other, an adaptation mainly for folding and slicing leaves or 
crushing hard food items like nuts (this complex offeatures is in­
complete in Victoriapithecinae); flare or widening of cheek teeth 
from the cusp apexes to the cervix; extension of the P 3 mesial 
flange below the alveolar plane and extension of the 0 mesial 
sulcus onto the root, both especially in males; shortened poste­
rior calcaneal facet for the astragalus and divided anteromedial 
facet, which stabilizes the lower ankle joint; and restriction of the 
hallucal facet on the entocuneiform, again to stabilize the foot 
for terrestrial or cursoriallocomotion. A high and narrow nasal 
aperture probably characterized the ancestral cercopithecid (re-

cenrly found also in Victoriapithecus) and was secondarily modi­
fied in the cercopithecine tribe Papionini. 

This combination of features, along with conservative 
retentions from a catarrhine ancestry, like a narrow thorax, 
long ulnar olecranon and styloid processes, narrow ilium, 
strong ischial tuberosity (and callosities), and long tail, allow 
some reconstruction of the mode of life of the common an­
cestor of the cercopithecids. One of the major adaptations of 
the family was a shift to greater use of a terrestrial substrate, 
either in open country or on the forest floor. The dentition is 
modified to include more leaves in the diet, a shift from the 
more purely frugivorous diet of eocatarrhines. Perhaps this 
was to permit early monkeys to compete with contempora­
neous pliopithecids and early hominoids in marginal or sea­
sonally varying habitats, where fruits were sometimes scarce 
but leaves usually plentiful. This emphasis on lower-quality 
foods was increased in the colo bines, where the dentition 
and the digestive system were further modified to facilitate a 
diet that in some species consists mainly of young leaves. 
Cercopithecines, on the other hand, emphasized a more var­
ied diet, often in at least partly open habitats in which a vari­
ety of foodstuffs were available. 

The early hisrory of Cercopithecidae is entirely African, 
with the first entry to Eurasia probably in the earliest Late 
Miocene (ca. 11 Ma). The later Early Miocene and early Mid­
dle Miocene saw a variety of victoriapithecine species present 
in northern and eastern Africa, with the primate assemblage 
at the partly open woodland habitats of Maboko Island 
(Kenya) dominated by this group. Although the fossil record 
is scarce from 14 to 8 Ma, it is possible to suggest the follow­
ing outline of cercopithecid diversification. The early 
colobines probably increased the proportion ofleaves in their 
diet in a more arboreal habitat, as evidenced also by the be-

Cladogram of relationships among genera, and subgenera (in parentheses) ofCercopithecidae, with subfomilies, tribes, and subtribes indicated. 
Modified ftom Strasser and De/son, 1987. 
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Crania of medium-sized male cercopithecit/s, illustrating the two major patterns seen in the family: on the left, Pygathrix, a ('olobine; and on the right, 
Macaca, a cercopithecine. Views, top to bottom: right lateral, dorsal, basal, frontal. Drawings from H.M.D. de Blainville, Osteographic. I: Primates, 
1839, Baillie re. 
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Upper and lower molar ofTheropirhecus to illustrate cercopithecid 
morphology and terminology used in descriptions. Left: M

J 
in lingual 

and occlusal views. Right: 1vP in occlusal and buccal views. In all views, 
raised flatu res indicated by solid line, depressed flatu res by dotted line. 
For complete dentitions, see illustrations in articles on CERCOPITI!EClNAlc' 

and COLOBINAE Structures labeled on lower tooth: (a) mesial buccal 
cleft; (b) protoconid; (c) median buccal cleft; (d) buccal margin; (e) 
hypoconid; (j) distal buccal cleft; (g) hypoconulid; (h) 6th cusp 
(tuberculum sextum); (i) distal fovea; (j) hypolophid; (k) entoconid; (I) 
lingual margin; (m) talonid basin; (n) metaconid; (0) protolophid; (p) 
trigonid basin (mesial fovea); (q) mesial shelf (r) median lingual notch; 
(s) distal lingual notch. Structures labeled on upper tooth: (a) mesial 
buccal cleft; (b) paraloph; (c) paracone; (d) buccal margin; (e) median 
buccal cleft; (j) trigon basin; (g) metacone; (h) distal buccal cleft; (i) 
distal shelf (j) distal fovea (talon basin); (k) distal lingual cleft; (I) 
hypocone; (m) metaloph; (n) lingual maragin; (0) median lingual cleft; 
(p) protocone; (q) mesial lingual cleft; (r) mesial shelf (s) mesialfovea; 
(t) mesial margin. From Szalay and Delson, 1979. 

ginning of thumb reduction even in the semiterrestrial Meso­
pithecus. This European Late Miocene colobine represents a 
clade that may have exited Africa to Eurasia via a partly 
forested corridor, presumably through southwest Asia. At the 
same time, early cercopithecines, with no fossil documenta­
tion at all, may have increased their adaptations to terrestrial­
ity, involving lengthened faces as well as postcranial changes; 
they appear also to have returned to a more frugivorous diet, 
perhaps as a result of competition with the colobines. In turn, 
they may have competed successfully with the frugivorous 
hominoids, which were forced to alter their mode(s) ofloco­
motion radically to obtain food unavailable to the cerco­
pithecines. Probably later during the Late Miocene, the cer­
copithecines (tribe Cercopithecini) reentered the forest, 
undergoing dental changes in parallel with colobines (flare re­
duction and M3 hypoconulid loss) and perhaps diversifYing 
through chromosomal fissioning. The larger-bodied papi­
onins appear to have been divided into two major zoogeo­
graphic units by the expansion of the Sahara Desert barrier 
during the Late Miocene, with the macaque group eventually 
spreading into Eurasia from North Africa and the gelada­
baboon-mandrill-mangabey lineage entering a broad range of 
habitats in sub-Saharan Africa. 

See also Africa; Catarrhini; Cercopithecinae; Cercopithe­
co idea; Colobinae; Hominoidea; Miocene; Monkey; Pri­
mate Ecology; Primate Societies; Teeth; Victoriapithecinae. 
[E.D.] 
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Cercopithecinae 
Subfamily of Old World monkeys including the cheek­
pouched cercopithecids, such as guenons (Cercopithecus and 
allies), baboons (Papio), macaques (Macaca), and mangabeys 
(Cercocebus) and their extant and extinct relatives. The un­
derlying adaptation of the cercopithecines appears to be their 
increased reliance on the terrestrial environment for feeding 
and social activities, although some members of the subfam­
ily are highly arboreal. As part of a general increase in terres­
triality by comparison with ancestral cercopithecids, the ear­
liest cercopithecines apparently evolved several novel 
features that continue to characterize all of their descen­
dants, whatever their current mode oflife. The derived con­
ditions of Cercopithecinae are essentially craniodental and 
include large pouches in the cheeks for temporary storage of 
food; relatively enlarged P; loss of enamel on the lingual 
surfaces ofborh lower incisors; facial elongation, linked with 
narrow interorbital distance, long nasal bones, the lacrimal 
bone often extending beyond the anteroinferior border of 
the orbit with the lacrimal fossa wholly enclosed within that 
bone, the vomer expanded to form part of the medial wall 
of the orbit, and the ethmoid apparently expanded anteri­
orly; a low-vaulted and long neurocranium; mandibular cor­
pus deepening mesially and symphysis with poorly devel­
oped inferior torus; brain modification involving rostral 
expansion of the occipital region and increase of the associa-
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Skeletons vfrepresentative cercopithecids: above, arboreal Cercopithecus; belvw, terrestrialPapio. From H.M.D. de Blainville, Osteographie. I: 
Primates, 1839, Bailliere. 
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tion and the visual cortex, documented on the surface by nu­
merous sulcal modifications. Postcranially, cercopithecines 
differ from colobines in several consistent ways. The major­
ity of these are conservative retentions from the common 
cercopithecid ancestor, while in others morphocline polarity 
is uncertain (e.g., robust and straight-shafted limbs, sub­
equal supratrochlear and supracapitular fossae on the distal 
humerus, and doubled radial articular surface on the proxi­
mal ulna). Most of these locomotor-related features are 
probably retained from an increasingly terrestrial ancestral 
cercopithecine, which was also the interpretation offered for 
cheek pouches: filled with food while an animal was foraging 
terrestrially, then emptied if the animal fled to the security of 

upper branches. Carefully designed studies revealed, to the 
contrary, that terrestrial species have reduced pouches, im­
plying less terrestriality at the origin of this feature. Cerco­
pithecines have a varied diet, including fruit as its usual cen­
tral focus, and their generally large incisors and especially the 
reduction of enamel on the lowers are adaptations for scrap­
ing and cutting the outer covering of rough fruits prior to re­
duction of pieces by the molars. Cercopithecine cheek teeth 
appear to be broadly conservative, with low relief compared 
with those of colobines, as well as greater flare, or basal 
broadening, and longer trigonids; the last feature may, in 
fact, be derived. It appears that this dentition was originally 
evolved for a mixed leaf-and-fruit diet, by comparison with 
the more frugivorous ancestral catarrhine diet, and that cer­
copithecines, especially the baboon-macaque group, hardly 
modified it subsequently. 

Within the Cercopithecinae, there are two major sub­
divisions, or tribes, that each can be further divided into 
sub tribes; the characters of these groups can be reviewed, 
although they are not emphasized here. The tribe Cerco­
pithecini includes the mainly arboreal guenons (Cercopithe­
cus) and talapoins (Miopithecus), the perhaps semiterrestrial 
swamp monkey Allenopithecus, and the very terrestrial patas 
(Erythrocebus). All of these share loss of the hypoconulid on 
M3 (lost on anterior cheek teeth in ancestral cercopithecids) 
and an increase in chromosome number above 42. 

Allenopithecus is conservative, and the other three genera 
derived, in having reduced molar flare and the male ischial cal­
losities separated by a strip of hairy skin. Cercopithecus further 
presents a greatly increased diploid chromosome number over 
the 48 of Allenopithecus and the 54 seen in Miopithecus and 
Erythrocebus, and it shares with Erythrocebus loss of a roughly 
monthly cycle in its female sexual swellings. This suggests that 
Allenopithecus is most similar to the common ancestor of all cer­
copithecins and its lineage diverged first, followed, in turn, by 
those of talapoins, patas, and the many guenons. The swamp­
living adaptations of the first two of these clades may suggest 
this as the original environment to which the tribe was adapted. 

Patas monkeys live in open woodlands with acacia trees 
between the Sahara and the rain forests of Central Africa. 
Small troops led by a single adult male have large ranges. Dif­
ferent authorities recognize between one dozen and two dozen 
species within Cercopithecus, but there are only about six to 
eight ecological-behavioral patterns. C. aethiops and C. lhoesti 
are quite terrestrial, living in gallery forests along watercourses 

or denser forest, respectively, but most other species are highly 
arboreal. Members of four to six species may inhabit a single 
grove of trees, at different canopy levels or concentrating on 
complementary foods. Multispecies associations are common 
in generally unimale troops. The fossil record of this tribe is 
scarce, but characteristic teeth are known from Kenyan and 
Ethiopian localities as far back as 3 Ma. 

The second, far more diverse and widespread, cerco­
pithecine tribe is Papionini, including the macaques of 
North Africa and eastern Asia and the baboons, mandrills 
(Mandrillus), mangabeys, and geladas (Theropithecus) of 
sub-Saharan Africa. There may be only one distinct derived 
character of this tribe, a secondary increase in the maximum 

width of the nasal aperture, but papionins are characterized 
by further development of such cercopithecine tendencies as 
increased molar flare, accessory cuspules in molar clefts, an 
elongated face, posterior inclination of the mandibular ra­
mus, and a generally high degree of terrestriality. It has been 
suggested that the two geographic divisions ofPapionini rep­
resent true clades, separated by the development of the Sa­
hara Desert as an ecological barrier to continued north-south 
migration and gene flow during the Late Miocene (ca. 10-7 
Ma). No clear and consistent morphological features charac­
terize these two, but the African genera do share a steep drop 
in facial profile in front of the orbits and often hollows or 
fossae on the maxilla and the lateral surfaces of the mandible 
(facial fossae). Chromosome number is constant at 42, and 
the dentition of almost all papionins is identical, although 
some mangabeys have especially high flare, while geladas, 
which at times have been considered to represent a third sub­
tribe, have uniquely derived dental and cranial form. 

Macaques inhabit a wide range of environments, includ­
ing rain forest, woodland, steppe, and snow-covered regions, 
and their diets are concomitantly varied. Some of the dozen 
or so recognized species are highly arboreal, others semiterres­
trial; most live in multimale troops with female as well as male 
hierarchies and maternally inherited social status. Mangabeys 
are ecological equivalents of macaques in the African forests, 
with some species making much more use of the ground than 
others. Two groups are now often recognized as full genera, 
and some evidence suggests that they are not each other's clos­
est relatives (i.e., that mangabeys as a group are paraphyletic). 
Savannah baboons form a single widespread species ranging 
from Guinea (West African coast) to Ethiopia and southern 
Saudi Arabia, down to South Africa and into Angola. At least 
six subgroups may be recognized; each used to be thought full 
species but have since been observed to interbreed in overlap 
zones, confirming the genetic unity of the species. Multimale 
troops are the rule, especially in open country, but in forest 
habitats the structured social hierarchies are less evident. 
Mandrills are deep-forest baboons, with brightly colored 
faces in the male to serve as signals in unimale troops. The liv­
ing gelada is the last remnant of a once widespread lineage, 
now restricted to the dry uplands of Ethiopia. There Thero­
pithecus individuals live in unimale harems, which may come 
together in associations of several hundred for sleeping on 
scattered cliffs and for feeding in certain seasons. They are the 
most terrestrially adapted ofliving monkeys, with short digits 
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Dentition (right side) of male Macaca, in occlusal (upper on left, lower 
on right), buccal, and lingual views. These teeth are typical for 
Papionini. From Szalay and De/son, 1979. 

for better walking and for manipulation of the grass blades 
and stems that form their dietary staple. Their teeth have con­
verged on those of colobines in having high relief (deep 
notches and elevated cusp tips), but they also have thick 
enamel and a characteristic wear pattern to prolong tooth life 
while grinding up their low-quality gritty diet. Morphologi­
cal and molecular studies of the relationships among the 
African genera have yielded conflicting views: Skull form sug­
gests that mandrills might belong to the genus Papio, with 
Theropithecus close but derived and Cercocebus unified; DNA 
sequencing and other genetic evidence, on the other hand, in­
dicates that Theropithecus and Papio are closest, with Cercoce­
bus related, while Mandrillus and Lophocebus seem to form a 
separate clade. In 1999 J.G. Fleagle and WS. McGraw de­
scribed a complex of derived postcranial features (and one 
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Dentition (right side) of male Erythrocebus, in occlusal (upper on left, 
lower on right) view, for comparison with those ofMacaca at the left. 
From Szalay and Delson, 1979. 
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Cladogram of relationships among the living and extinct genera and 
subgenera (in parentheses) ofCercopithecinae. Dotted lines indicate 
uncertain links. Note that some molecular and new morphological data 
contradict this older morphological interpretation, suggesting instead that 
Theropithecus andLophocebus are forther removed. Below the 
cladogram are indicated the known time ranges of these genera; solid lines 
indicate well-preserved fossils, dotted lines indicate fragmentary remains, 
less clear allocations or dating uncertainty. 
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dental similarity) which link Lophocebus and Mandrillus, 
strongly supporting the genetic viewpoint. 

The fossil record of Papionini is rich, especially in 
Mrica. The earliest members of the tribe are known by teeth 
from North Africa and Kenya late in the Miocene (8-6 Ma), 
perhaps, from geological evidence, after the Sahara had 
formed an ecological barrier. In the Pliocene (4-2 Ma) of 
eastern and southern Africa, the conservative Parapapio is 
fairly common. It has a similar facial conformation to 
macaques and mangabeys (but may share some anteorbital 
deepening with Papio), and rare postcranial elements suggest 
a semi terrestrial adaptation. Parapapio may represent a form 
close to the common ancesror oflater Mrican papionins. 

At least four varieties of Theropithecus are frequent, es­
pecially at waterside sites. Three of these form a lineage 
known across Mrica, from southern South Mrica to Mo­
rocco, from the Early Pliocene to the later Middle Pleis­
rocene. They are characterized by a gradual size increase and 
anterior tooth reduction through time, and the late large 
forms (up to 70-100 kg) probably were hunted by Acheu­
lean peoples, perhaps to extinction. There is controversy over 
taxonomic ranking, but here they are recognized as three 
subspecies of T oswaldi. Several teeth suggest that this group 
also reached Spain and the Siwaliks ofIndia ca. 2-1 Ma. The 
living T gelada is more conservative than even the earliest 
fossil form (although it is placed in the same subgenus) and 
probably separated from them by 4-3.5 Myr. Another lin­
eage (the subgenus Omopithecus) is represented only in the 
Lake Turkana region, at Koobi Fora (Kenya) and Omo 
(Ethiopia) between ca. 3.5 and 2 Ma: The moderately well 
known T brumpti had Papio-like large incisors and a low, flat 
muzzle with typical gelada molars and flaring zygomatic 
arches, but its putative ancestor? T baringensis had smaller 
incisors and less-complex molars, suggesting that molar form 
evolved in parallel in the two lineages. 

Mangabeys are poorly represented paleontologically, 
probably because forest soils are notoriously acid rich (bone 
thus deteriorates quickly), but some East African Pleistocene 
specimens have diagnostic facial features of the group. Papio is 
known by large-bodied populations probably referable to the 
living savannah baboon species in southern (and more rarely 
eastern) Mrica after 3 Ma, but they were almost always less 
common than Theropithecus. It has been suggested that they 
were then more forest-fringe dwellers, while geladas were 
more successful in open country, the pattern changing only in 
the later Pleistocene. Small-bodied Papio is also known in 
South Africa between 2.5 and 1.5 Ma, and a very large form 
known as P. (Dinopithecus) is common at sites in South Mrica, 
Angola, and Ethiopia from 3 to 1.5 Ma. Although this group 
has previously been given its own genus, it differs from Papio 
only in lacking facial fossae and is now considered a baboon 
subgenus, possibly related to the ancestors of mandrills. The 
large-bodied Gorgopithecus is represented only at one group of 
South Mrican sites between 1.9 and 1.5 Ma, but its distinctive 
facial conformation, deep fossae, and reduced dental sexual di­
morphism justifY its generic identity. 

Macaque fossils are known in North Mrica and across 
Europe from Spain and Britain to Israel and the Caucasus 

Drawings, in right lateral view, of representative cercopithecines; left 
column males, right column flmales. Top row: tTheropithecus (0.) 
brumpti, tT. (T.) oswaldi darti. Second row: Papio (P) hamadryas, 
tP. (Dinopithccus) quadratirostris. Third row: tParapapio broomi 
(both). Bottom row: Macaca fascicularis, tParadolichopithecus 
senezensis. Scale bar = 5 em; t indicates extinct species. By Lorraine 
Meeker. 

throughout the Pliocene and the Pleistocene (5.5 Ma on­
ward). The living "Barbary ape" (Macaca sylvanus) of Algeria 
and Gibraltar probably represents the remaining relic of this 
far wider distribution. Living macaques have been divided 
into fout to six subgroups, all of which show independent re­
duction in tail length and have overlapping distributions in 
eastern Asia. Fossil teeth document their arrival in China by 
5.5 Ma and India by ca. 2.5 Ma, and a variety of populations 
are known from the Pleistocene of China and Indonesia. The 
extinct Paradolichopithecus was larger bodied than any 
macaque (males ca. 35 kg), far more terrestrially adapted, 
and less sex-dimorphic in cranial size, but had similar facial 
morphology. It is known from Spain through Central Asia in 
the later Pliocene (ca. 3-1.8 Ma) and probably represents 
a baboonlike macaque derivative. A similar form, Procyno­
cephalus, is represented by fragmentary remains from the 
later Pliocene of India and China; it is kept taxonomically 
distinct because its limb bones do not appear to present the 
reduced dimorphism of its western "cousin." 

Subfamily Cercopithecinae 
Tribe Cercopithecini 



Subtribe Allenopithecina 
Allenopithecus 

Sub tribe Cercopithecina 
Cercopithecus 
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Cercopithecoidea 
One of the two extant superfamilies of Old World anthro­
poids (Catarrhini), including the family Cercopithecidae 
(Old World monkeys). Although cercopithecoids are termed 
monkeys, they are not closely related to the platyrrhine mon­
keys of the New World but instead are the sister taxon of the 
Hominoidea (apes and humans). Together, the hominoids 
and the cercopithecoids form a monophyletic subgroup of 
the catarrhines, here termed eucatarrhines. The common an­
cestor of hominoids and cercopithecoids was probably an 
animal similar to the Oligocene Propliopithecidae or the 
Miocene Pliopithecidae. It was suggested previously that the 
Cercopithecoidea should also include the extinct Italian 
Miocene family Oreopithecidae, based on perceived similar­
ities of the dentition to cercopithecids. This hypothesis has 
been rejected by more detailed analyses of the postcranium 
and skull (and, to some extent, the teeth) of Oreopithecus, 
now placed as a subfamily of Hominidae. Similarly, it has 
been suggested at times that the Eocene-Oligocene North 
African Parapithecidae were the direct ancestors of the Cer­
copithecidae. Although this group can be recognized as of 
monkey grade and may share a few morphological similari­
ties with cercopithecids, the parapithecids are best inter­
preted as archaic anthropoids, the sister-taxon to Catarrhini 
plus Platyrrhini. 

Since there is only one family recognized within Cerco­
pithecoidea, this taxon is equivalent to Cercopithecidae, and 
the name rarely needs to be employed. Within Cercopitheci­
dae, three subfamilies are usually recognized: Cercopitheci­
nae (the cheek-pouched macaques, baboons, and relatives) 
Colobinae (leaf-eating colobus, langurs, and allies), and Vic­
toriapithecinae (extinct archaic cercopithecids of the African 
Miocene). Some authors have argued that the last of these is 
the sister-taxon to the first two and should be ranked as the 
separate family Victoriapithecidae. This would give greater 
meaning to the concept Cercopithecoidea, with two in­
cluded families, but here only subfamily rank is accepted. 

See also Anthropoidea; Ape; Catarrhini; Cercopithecidae; 
Cercopithecinae; Colobinae; Eocatarrhini; Eucatarrhini; 
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Hominoidea; Monkey; Oreopithecus; Parapithecidae; Plio­
pithecidae; Primates; Propliopithecidae; Teeth; Victoria­
pithecinae. [E.D.] 

Further Readings 
Delson, E. (1992) Evolution of Old World monkeys. In 

R.D. Martin, D. Pilbeam, andJ.S. Jones (eds.): Cam­
bridge Encyclopedia of Human Evolution. Cambridge: 
Cambridge University Press, pp. 217-222. 

cf. 
From Latin confer, compare. Used to indicate the probable 
affinities of systematic materials, most commonly fossil, that 
are insufficient to permit exact determination of species or 
genus. Thus, a fragmentary Middle Pleistocene hominid fos­
sil that most closely compares with Homo erectus bur cannot 
certainly be established as a member of that species might be 
classified as Homo cf. erectus. 

See also aff.; Classification; Taxonomy. [LT.] 

Chatelperronian 
Earliest Upper Paleolithic ot final Middle Paleolithic indus­
try of central and southwestern France, extending to north­
eastern Spain, and dated to 35-32 ka. by radiocarbon, in as­
sociation with sediments reflecting cold but fluctuating 
conditions at the end of a major Weichselian interstadial. 
Named after the Grone des Fees at Charelperron (Allier), the 

Charelperronian is characterized by some of the earliest 
bone, antler, and ivory objects (especially tubular beads) in 
Europe; by perforated teeth and shells and other pendants in 
stone and bone; by curved backed or abruptly retouched 
knives or points; and by the appearance of burins. Incised 
stone plaques have also been found at Charelperronian sites. 
At the Grone du Renne at Arcy-sur-Cure (Yonne), an 
arrangement of postholes, stone blocks, and artifacts was in­
terpreted as a hut floor; traces of several smaller structures 
were reported ftom the open site of Les Tambourets (Haute 
Garonne). Faunal remains at most sites are dominated by 
reindeer, with numerous examples of horse, bovines, and 
woolly rhinoceros. 

Initially denoted by H. Breuil, a French prehistorian, in 
1906 as the earliest stage of the Aurignacian, the backing 
technique and dominance of bur ins led his colleague D. Pey­
rony in 1933 to classifY the Chatelperronian industry, 
known from La Ferrassie E, as the first stage of the Perigor­
dian tradition of southwestern France. Up to 50 percent of 
each Chatelperronian assemblage, however, is made up of 
Levallois flakes and cores, sidescrapers, and other tools of 
Mousterian type. The only clearly identifiable human skele­
tal material definitely associated with a Chatel perron ian in­
dustry (excepting the material from Combe Capelle, which 
is of uncertain provenance) is that of a Neanderthal, discov­
ered at Saint-Cesaire (Charente-Maritime) in 1979. As in 
the early Upper Paleolithic leaf-shaped-point industries of 
central and eastern Eutope, the flake technology and the 



CHATELPERRONIAN 

Distribution map ofChiitelperronian sites. Areas marked with diagonal lines most heavily occupied. 

skeletal associations of the Ch:helperronian have been cited 
as evidence for an in situ development of Upper Paleolithic 
technology by humans of Neanderthal type. 

At two sites in southwestern France, Roc de Combe 
(Lot) and Le Piage (Dordogne), the Charelperronian is inter­
stratified with the earliest Aurignacian industries, which are 
widespread in central and southern France by 32-30 Ka. 
This now-disputed interstratification has been used to sup­
port Peyrony's parallel phyla hypothesis of contemporaneous 
Aurignacian and Perigordian cultural traditions repeatedly 
replacing each other at certain sites in southwestern France, 
with little admixture or mutual influence, over a period of ca. 
15 Kyr. Earlier dates closer to 40 Ka for the Aurignacian of 
both northeast Spain and central Europe, suggest that the 
Chatel perron ian may represent a late accommodation by 
Neanderthals to the increasing presence of Upper Paleolithic 

(Aurignacian) peoples and technologies. Most modern-day 
scholars do not recognize the similarities between Chatelper­
ronian and later Perigordian assemblages as evidence of cul­
tural continuity. 

See also Aurignacian; Breuil, Henri; Jewelry; La Ferrassie; 
Late Paleolithic; Middle Paleolithic; Mousterian; Nean­
derthals, Modern Human Origins: Behavior; Paleolithic Im­
age; Paleolithic Lifeways; Peyrony, Denis; Saint Cesaire; 
Stone-Tool Making; Upper Paleolithic. [A.S.B.] 

Further Readings 
d'Errico, E, Zilhao, J., Julien, M., Baffier, D., and Pelegrin, 

]. (1998) Neanderthal acculturation in Western Eu­
rope: a critical review of the evidence and its interpreta­
tion. Current Anthropology 39 (supplement): SI-S44. 
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Chatelperronian lithic artifocts: (a) Chatelperronian knife; (b) burin; (c) circular scraper; (d) Mousterian point; (e) denticulate on truncated blade. 
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Chauvet Cave 
Site at Valion-Pont-d'Arc (Ardeche, France), discovered in 
1994, which has been proclaimed the oldest known painted 
and engraved Upper Paleolithic cave in Europe. Carbon dat­
ing of the paint of some of the animals has suggested dates 
ranging from ca. 32 to 30 Ka, with torch marks on the walls 
dated at ca. 27 Ka. The animal paintings would, therefore, fall 
within the period of the Aurignacian mammoth ivory carv­
ings from Vogelherd and Hohlenstein-Stadel in Germany, the 
earliest known set of Upper Paleolithic carved animal depic­
tions. This joint evidence suggests a sophistication in depic­
tion and representation within the early Upper Paleolithic, 
even earlier than the Venus figurines of the Gravettian period. 

The animals in Chauvet, representing the fauna of the 
middle Rhone Valley in that period, include woolly rhinoc­
eros, lion, mammoth, reindeer, horse, aurochs, bear, ibex, one 
leopard, and an owl; there are also numerous handprints, 
signs, and sets of red dots. Of particular interest is evidence for 
the renewal or reuse ofiion, reindeer, and rhino by the later ad­
dition of anatomical parts to the original animal (legs, heads, 
backs, horns, etc.), as well as a later outlining of an animal form 
or an overmarking with signs. These represent modes of image 
use found throughout the later West European Upper Pale­
olithic, modes of animal use that have been documented in 

France, Italy, Germany, and Spain. Some of the depicted ani­
mals at Chauvet were probably seasonally migratory (reindeer, 
bison); the bear spent the winter in hibernation; and other 
species are depicted in their summer pelage (rhino and horse). 

Because of the apparent early date and the processual 
and referential complexity it contains, Chauvet, perhaps 
more than any Upper Paleolithic cave, offers an opportunity 
to investigate aspects of Upper Paleolithic symboling tradi­
tions (changes in style, the use of perspective, modes of im­
age use and reuse, seasonality of depiction, and the like) that 
would continue to develop in the West European Upper Pa­
leolithic over the succeeding 20 and more millennia. 

See also Aurignacian; Late Paleolithic; Paleolithic Image. 
[A.M.] 

Further Readings 
Chauvet, ]-M., Deschamps, E.B., and Hillaire, C. 1995. 

La Grotte Chauvet a Valion-Pont-d'Arc. (Preface by 
]. Clottes.) Paris: Seuil. 

Cheirogaleidae 
Family of Lori so idea that contains the Malagasy members of 
the superfamily. Five genera, all extant, are recognized (see 
below). All cheirogaleids are nocturnal in activity pattern 
and arboreal in habitat. 

With body weights fluctuating seasonally around means 
of ca. 30-60 g, the three species of Microcebus, the mouse 
lemur, are the smallest primates in the world, rivaled only by 
the dwarf galago (Galagoides demidoff, averaging 70 g). Al­
though mouse lemurs are active individually at night, theyof­
ten sleep together in groups during the daylight hours, either 
in leaf nests or in tree hollows. Population nuclei of mouse 
lemurs, from which subordinate males appear to be peripher­
alized, contain a preponderance of females, the nightly ranges 
of several of which are overlapped by those of central males. 
In correlation with their small body size, mouse lemurs are 
the most insectivorous of the Malagasy primates, but fruit 



(and some flowers) seem to provide a large proportion of their 
diet, which is essentially opportunistic. Mouse lemurs (espe­
cially M. rufus, which has been been intensively studied) ap­
pear to concentrate heavily on a limited number of abundant 
local plant resources, taking advantage of new fruits when 
they become seasonally available. The fruits of certain epi­
phytic plants, shrubs, and lianas are frequently eaten. 
Coleopterans (beetles) are a favorite insect food, but a great 
variety of insects and spiders is consumed over the year. 

Within a population of mouse lemurs, some mature 
adults develop extra fat deposits at the beginning of the dry 
season and commence a period of torpor (depressed meta­
bolic activity) from which they may emerge in August or 
September, considerably lighter in weight. The period of tor­
por may not be continuous or even long (some individuals 
may enter torpor for a single day), nor does it involve all in­
dividuals in the population. In these ways, torpor in Micro­
cebus differs from that in Cheirogaleus, but in both taxa it 
seems to be a means of coping with poor food availability. 

Most closely related to Microcebus, but larger bodied at 
ca. 280 g, is Mirza coquereli, Coquerel's dwarf lemur. This 
lemur also constructs elaborate daytime sleeping nests and 
may exhibit a "loose pair bonding," although male and fe­
male nightly ranges, while overlapping, do not coincide. 
These ranges may be up to 25 acres in extent, but most time 
is spent in much smaller core areas. During the wet season, 
when resources are abundant, Coquerel's dwarf lemurs feed 
opportunistically, primarily on fruit, flowers, and insects. In 
the dry season, they subsist, at least regionally, mostly on lar­
val secretions. 

Allocebus, the hairy-eared dwarf lemur, and Phaner, the 
fork-marked lemur, form a group characterized by the pres­
ence of enlarged, caniniform anterior premolars; long, slen­
der tooth combs; and strongly keeled nails. While Phaner, 
which weighs under 0.5 kg, has a widespread (if patchy) dis­
tribution in Madagascar, Allocebus is known only from two 
areas of the northeast of the island, and little is known about 
it other than that, unlike mouse lemurs, it favors forest habi­
tats with large trees, eschewing the forest edge. Phaneroften 
live in pairs, which vocalize frequently during the night to 
maintain contact while foraging. The females are apparently 
dominant over the males, having priority of access to feeding 
sites. Feeding itself is highly specialized, being largely on 
gums exuded from the bark of certain tree species. The 
keeled nails and the long tooth scraper seem to be adapta­
tions related to a diet of this kind, facilitating movement on 
tree trunks and the prizing loose of gum deposits. Insects 
and, in the wet season, flowers and fruit also contribute to 
the fork-marked lemur's diet. Uniquely among cheirogaleids 
studied so far, Phaner does not appear to employ urine or fe­
cal marking. Males, however, possess throat glands with 
which they mark their partners as well as trees. 

Two species exist of the dwarf lemur, Cheirogaleus: the 
larger C. major (weighing ca. 450 g) in the wetter eastern part 
of Madagascar and the smaller C. medius (whose weight fluc­
tuates seasonally around a mean of ca. 280 g) in the drier 
west. The latter, at least, is unusual in apparently undergoing 
a period of several weeks, or even months, of torpor during 
the dry season when resources are scarce. Storage of fat in the 

CHEIROGAI.EIDAE 

Two cheirogaleids: Microcebus rufus (above) andCheirogaleus major. 

tail to help tide it over this dormant period has given this 
form its common name, the fat-tailed dwarf lemur. Little is 
known about the species of Cheirogaleus in the wild, but ol­
factory marking is known to be an important component of 
their social behavior, a caudally displaced and protuberant 
anus emphasizing the significance of fecal marking in this 
genus. Dwarflemurs forage alone; insects do not appear to be 
an important food resource, but fruit, nectar, and pollen have 
been reported as significant items in a seasonally varying diet. 

Family Cheirogaleidae 
Cheirogaleus 
Microcebus 
Mirza 
Allocebus 
Phaner 

See also Diet; Galagidae; Lemuriformes; Locomotion; 
Lorisidae; Lorisoidea; Primate Societies; Primates; Strep­
sirhini; Teeth. [LT.] 

Further Readings 
Atsalis, S., Schmid, ]., and Kappeler, P.M. (1996) Metrical 

comparisons of three species of mouse lemur.]. Hum. 
Evo!. 31:61-68. 
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Mittermeier, R.A., Tattersall, I., Konstant, WR., Meyers, 
D.M., and Mast, R.B. (1994) Lemurs of Madagascar 
(Tropical Field Guide No. 1). Washington, D.C.: Con­
servation International. 

Tattersall, I. (1982) The Primates of Madagascar. New York: 
Columbia University Press. 

Tattersall, I. (1993) Madagascar's lemurs. Sci. Am. 
268(1): 110-117. 

Chesowanja 
Central Kenyan stratified sequence of early Pleistocene age, 
dated ca. 1.4 Ma by KI Ar (potassium-argon) dating of under­
lying basalt and faunal analysis. In this site west of Kenya's 
Lake Baringo, a partial Paranthropus boisei cranium was found 
in 1970, and an additional, more fragmentary specimen from 
the same taxon was recovered 1 km away in 1978. Systematic 
archaeological excavations began in 1978, and burnt clay 
lumps found in situ with Oldowan tools have been inter­
preted by some as evidence for early hominid control of fire. 

See also Africa, East; Baringo Basin/Tugen Hills; Fire; 
Oldowan; Paranthropus boisei. [T.D.W] 

Childe, Vere Gordon (1892-1957) 

Australian prehistorian. Trained in classical archaeology at 
Oxford University, Childe became an acknowledged leader 
of European prehistory in the early twentieth century. 
Throughout his life, he read extensively in many languages 
and visited dozens of European museums. In the 1920s, in 
The Dawn o/European Civilization (1925), he proposed that 
early civilization had diffused from southwestern Asia into 
Europe. He attributed the development of a distinctive Eu­
ropean culture to the Indo-European invasions of the Early 
Bronze Age (The Aryans 1926). His appointment in 1927 as 
Abercromby Professor of Archaeology at Edinburgh Univer­
sity prompted him to focus on Scottish and English prehis­
tory, and he began excavations at Skara Brae, Orkney Is­
lands. In the 1930s, he proposed the idea of two great 
revolutions in human hisrory-the change from food gath­
ering to food production (Neolithic Revolution) and the es­
tablishment of urban civilization (Urban Revolution)-in 
several books, including (New Light on the Most Ancient East 
(1934) and Man Makes Himself(1936). Inspired by Karl 
Marx, Childe framed most of his theories within a material­
ist conception ofhisrory. In 1946, Childe became director of 
the Institute of Archaeology, London University; after he re­
tired in 1956, he returned to his native Australia, where he 
died the following year. 

See also Asia, Western; Neolithic. [N .B.] 

Chilhac 
Open-air site in the Auvergne region of South-Central 
France on terraces of the Allier River. Excavations at Chilhac 
I-III since the 1870s have recovered a rich Villefranchian 
fauna, including Anancus arvernensis, Rhinoceros etruscus, 
and Ursus etruscus. Simple quartz choppers and flake tools 
have been recovered from many levels, although the assem-

blage most convincingly of human onglll comes from 
younger strata at Chilhac III, Levels B-K. Chilhac I yielded 
an excellent specimen of Anancus arvernensis, but only five 
irregularly flaked pebbles from a slope area, four of which are 
in quartz. IfChilhac III is of the same age as Chilhac I, which 
dates to ca. 1.8 Ma by potassium-argon, it may be among the 
oldest archaeological sites in Europe. Questions persist, 
however, about the dating of this site. 

See also Early Paleolithic; Europe; Soleihac. [A.S.B., J.J .S.] 

China 

East Asian country covering ca. 6 million km2, with a long (if 
discontinuous) record of primate and human evolution. 
Chinese topography and climate are varied and complex, 
with the west and the southwest of the country dominated 
by highlands with a strongly continental climatic regime. 
The country is also divided into northern and southern por­
tions by the east-west-running Qinling Shan (Mountains). 

The oldest Chinese primate may be Decoredon, a possible 
Paleocene omomyid. A variety of early primates is known 
from the Chinese Eocene. Hoanghonius is probably an adapi­
form, while Asiomomys appears to represent a clade of the 
omomyid tarsiiforms also known in North America. Even 
more imriguing are the numerous new taxa recovered from the 
Shanghuang fissures in Jiangsu Province, dated to ca. 45 Ma. 
These include two adapiforms of European affinity (including 
Adapoides), a species of the North American omomyid Macro­
tarsius, a species attributed to the living Tarsius and Eosimias, a 
genus claimed to be an early anthropoid unrelated to the tarsi­
iforms. Additional material of Eosimiasfrom Shaanxi Province 
near Heti suggests instead that Eosimias is a close relative of 
Tarsius, best placed in the tarsioid family Eosimiidae. 

Miocene primates are also widespread in China. The 
earliest catarrhines are the pliopithecids Dionysopithecus and 
Platodontopithecus from Jiangsu Province and Pliopithecus 
from Ningxia (all dated to ca. 16-14 Ma). Specimens from 
Xiaolongtan (Yunnan Province, ca. 12 Ma) have been allo­
cated to Dryopithecus but could possibly represent Sivapithe­
cus instead; a fragmentary mandible of Dryopithecus is also 
known from Gansu, dated to ca. 9-6 Ma. The most exten­
sive Miocene primate assemblage is known from Xihueba, 
Lufeng County, in Yunnan, dated ca. 8-7 Ma. From here, 
there are two species of the sivaladapid Sinoadapis, the 
crouzeliine pliopithecid Laccopithecus and hundreds of 
mostly dental specimens of the hominid Luftngpithecus. 
Originally, these fossils were identified as Ramapithecus and 
Sivapithecus, but they are probably not pongine, instead per­
haps belonging to the Dryopithecinae. Similar material, as of 
the late 1990s incompletely published, is known from the 
Late Miocene or Early Pliocene at Hudielangzi and nearby 
sites, also in Yunnan (in Yuanmou County). Perhaps the 
most famous Chinese nonhuman primate is Gigantopithecus, 
whose dentition and jaws at least are far larger than those of 
gorillas; no skull or postcranial elements are yet known. Gi­
gantopithecus has been recovered from about half a dozen 
small southern sites mainly of probable early Middle Pleis­
tocene age (ca. 800-500 Ka) and especially from Liucheng 



County (Guangxi Province), which yielded three mandibles 
and more than 1,000 teeth. This genus has been tentatively 
classified in the Ponginae because of similarities to Sivapithe­
cus, but there are also possible links to Luftngpithecus. Vari­
ous Pleistocene localities have also produced fossils of Hylo­
bates and Pongo. 

Cercopithecid fossils are moderately common in China 
as well. The latest Miocene Mahui Formation in the Yushe 
Basin (ca. 5.5 Ma) has yielded two teeth assigned to Macaca 
and one colobine referred to Semnopithecus. Macaques as­
signed to several species continue into the present. The large 
cercopithecine Procynocephalus is known at several localities 
dating to ca. 2-1.0 Ma, such as the Gigantopithecus cave in 
Guangxi, Longgupo in Sichuan, and sites in Honan and Nei 
Monggol (Inner Mongolia). The living colobine Pygathrix 
(Rhinopithecus) is known from several species in Middle Pleis­
tocene sites such as Gongwangling (Lantian) and the Yanjing­
gou (ex-Yen-ching-kou) fissures in Sichuan and in Honan. 

Both the extreme north and south, as well as the eastern 
coastal lowlands of China, were occupied by hominins since 
at least Middle Pleistocene times. The fossils from Lantian in 
Central Shaanxi may be the earliest known Chinese hom­
in ins, with a partial cranium dating to at least ca. 0.9-0.7 
Ma. Other important Homo erectus finds include the famous 
fossils from Zhoukoudian (near Beijing), the Hexian hom­
inid materials from the coastal province of Anhui, two crania 
from Yunxian, Hubei, and the cranium from Nanjing, 
Sichuan. No hominids of early antiquity have been recovered 
from the western highlands, but two incisors dated at per­
haps 0.6 Ma have been recovered from Yuanmou in Yunnan 
Province. The site of Longgupo (Sichuan Province), dated 
tentatively at 1.8 Ma but perhaps younger, yielded an incisor 
and a mandible fragment originally identified as Homo cf. 
erectus; several workers have questioned the hominin nature 
of these fossils. Where present, archaeological residues are 
generally of Mode 1 technology ("choppers" and "chopping­
tools"), although they are contemporary with Acheulean and 
other Mode 2 tool kits to the west of Movius' Line. The old­
est Chinese artifacts are known from sites in the Nihewan re­
gion, some of which may date to ca. 1.0 Ma. The Xihoudu 
site has been claimed to be as old and to include traces of fire, 
but these claims are questioned. Bifacial and infacial tools on 
large flakes recovered from the Bose basin in south China 
and dating to more than 780 Ka are the closest analogue in 
China to Lower and Middle Pleistocene Acheulean indus­
tries of regions to the west. 

The well-preserved material from Dali and Jinniushan 
document early forms of Homo sapiens that clearly diverge in 
morphology from African and European forms assigned to "ar­
chaic Homo sapiens." Other, more fragmentary finds have also 
been recovered at scattered localities of various ages in both the 
north and the south. The paleoanthropological and archaeo­
logical evidence from China suggests that early humans in the 
region were exploiting a wide variety of habitats, which in­
cluded temperate as well as subtropical climatic regimes. 

See also Acheulean; Adapidae; Anthropoidea; Asia, Eastern 
and Southern; Cercopithecinae; Colobinae; Dali; Decore-

CHIWONDO BEDS 

don; Dragon Bones (and Teeth); Dryopithecinae; Early Pale­
olithic; Eosimiidae; Gigantopithecus; Hexian; Hoanghonius; 
Hominidae; Homo erectus; Jinniushan; Lantian; Liucheng; 
Longgupo; Lufengpithecus; Modes, Technological; Movius' 
Line; Nihewan; Omomyidae; Pliopithecidae; Ponginae; 
Xihoudu; Yuanmou; Yunxian; Zhoukoudian. [G.G.P., E.D.J 

Further Readings 
Chang, S., Gu, Y., Bao, Y., Shen, W, Wang, Z., Wang, c., 
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Nature 378: 275-278. 

Olsen, J., and Miller-Antonio, S. (1993) The Paleolithic in 
southern China. Asian Perspectives 31(2):129-160. 

Wu, R., and Olsen, J.W, eds. (1985) Paleoanthropology 
and Paleolithic Archaeology in the People's Republic of 
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Chiwondo Beds 
Middle Pliocene to Early Pleistocene sediments exposed in 
the northernmost half graben of the Malawi Rift (Karonga 
Basin), northern Malawi, belonging to the western branch of 
the East African Rift system. There are two main fossil-bear­
ing regions: one northerly near the town of Karonga, and 
one more southerly near the village ofUraha. The large-scale 
transgressive-regressive cycle of the Chiwondo Beds repre­
sents a highly dynamic depositional system in a nearshore to 
backshore position. Facies elements include fluviatile, pale­
osol, swamp, beach, and foreshore and offshore lacustrine 
deposits. Maximum thickness is 125 m, and five deposi­
tional sequences (Units 1-5) are limited by unconformities 
(paleosols, angular unconformities) reflecting lake-level 
changes and/or tectonic activity. Age estimates of somewhat 
older than 4 Ma (Unit 2) to ca. 1.5 Ma (Unit 3) rely on cor­
relation with radiometrically dated biostratigraphical units 
in eastern Africa. 

The first comprehensive surveys of the Chiwondo 
Beds were undertaken by J.D. Clark in the 1960s and 
1970s, followed by T.G. Bromage and F. Schrenk from 
1983 into the late 1990s. Research on the Malawi Rift and 
its paleo faunas, including an early hominid mandible, UR 
501, recovered from Uraha and attributed to Homo 
rudolfensis, provides knowledge of the biogeographical con­
text between the many tropical eastern and temperate 
southern African Plio-Pleistocene hominid-bearing sites. 
Situated between climatic regimes, the Chiwondo Beds re­
gion has been a meeting point, even a faunal boundary, for 
many northern and southern endemic faunas. The faunal 
assemblage also indicates, however, that southern African 
taxa transgressed this region when ecological extremes ef­
fected latitudinal shifts in their temperate vegetation zones. 
Latitudinal shifts likely began by ca. 2.8 Ma, when cooler 
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and dryer conditions prevailed until these conditions 
peaked about 2.5 Ma, resulting in the shift toward the equa­
tor of dry grassland and woodland biomes reflected in the 
habitat theory of E.S. Vrba. 

See also Africa; Climate Change and Evolution; Homo 
rudolfensis; Rift Valley; Uraha. [T.G.B.J 

Further Readings 
Betzler, C, and Ring, U. (1995) Geology ofthe Malawi 

Rift: Kinematic and tectono sedimentary background 
to the Chiwondo Beds, northern Malawi. J. Hum. 
Evo!. 28:7-2l. 

Ring, u., and Betzler, C (1995) Sedimentology of the 
Malawi Rift: Facies and stratigraphy of the Chiwondo 
Beds, northern Malawi.]. Hum. Evo!. 28:23-35. 

Chopper-Chopping Tools 
Numerous and often poorly defined Mode 1 archaeological 
assemblages from east ofMovius' Line in East and Southeast 
Asia. This line seems to mark the transition between Pale­
olithic assemblages to the west, in which handaxes and Lev­
allois flakes are common, and assemblages to the east, in 
which these components are rare or absent. Artifacts were 
originally separated into unifacial "choppers" and bifacially 
worked "chopping tools." Early East Asian workers inter­
preted this distribution as an indication of what they called 
the cultural retardation of East Asian Paleolithic popula­
tions. More recent workers have sought ecological explana­
tions that relate the geographic distribution of these assem­
blages to habitat types and the differential availability of raw 
materials. In spite of the implications of the term chopper­
chopping tools, many of these artifacts appear to be unutilized 
cores. It is now apparent that a substantial number of East 
Asian Paleolithic assemblages contain small flakes as well as 
core tools. Despite decades of research, bifacially worked, 
formalized handaxes remain extremely rare in this part of the 
Old World, with the possible exceptions of poorly dated oc­
currences in the Baise basin of South China dated to more 
than 780 Ka, the Middle Pleistocene of Japan (Takamori), 
and the late Middle to Late Pleistocene of North China 
(Dingcun) and the Korean Peninsula (Chon-Gok-Ni). On 
the other hand, typologically similar Mode 1 assemblages 
without handaxes also occur west of Movius' Line, such as 
the Tayacian or the Clactonian of Europe. 

See also Acheulean; Anyathian; Asia, Eastern and Southern; 
Clactonian; Europe; Levallois; Movius' Line; Pacitanian; Pa­
leolithic; Soan; Tayacian. [G.G.P.J 

Chromosome 
Structure visible in the nucleus of a plant or animal cell dur­
ing cell division. It is formed as a result of the coiling, fold­
ing, and condensation of the genetic material (DNA) with 
proteins. An individual has two sets of chromosomes in most 
cells, one set derived from each parent. A normal human cell 
has two sets of23 chromosomes, for a total of 46 in the hu­
man karyotype; deviations usually result in congenital ab-
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Human chromosomes can be stained to yield a distinctive pattern of 
bands. This is chromosome #5. showing the G-bands and major flatu res, 
the centromere, p-arm, and q-arm. Courtesy afjon Marks. 

normalities. Any normal chromosome possesses a single con­
striction, the centromere, which divides the chromosome into 
a short arm (the p-arm) and a long arm (the q-arm). 

See also Genetics; Molecular Anthropology. [J.M.J 

Clacton 
An open-air Middle Pleistocene site in southeastern England 
that ha5 been excavated since the 1910s. Recent excavations 
suggest that a series of braided river channels flowed through 
the area depositing gravels in a series of terraces. Archaeological 
residues collected from the Clacton gravels include stone rools 
(mostly simple choppers and flakes), faunal remains, and 
wooden artifacts-most notably, a wooden spear tip. The Clac­
ton site gives its name to the distinctive Clactonian industry. 

See also Clactonian; Early Paleolithic; Europe. [J.J .S.J 

Further Reading 
Singer, R., Wymer, ].J., Gladfelter, B.G., and Wolff, R.O. 

(1973) Excavation of the Clactonian industry at the 
golf course, Clacton-on-Sea, Essex. Proc. Prehist. Soc. 
39:6-74. 

Clactonian 
Early Paleolithic industry without handaxes found princi­
pally in Great Britain (Clacton-on-Sea, Hoxne, Swans­
combe) and northern France (St. Colomban [Brittany]). The 
Clactonian is known primarily from interglacial contexts 
older than 250 Ka such as the early Hoxnian (Holstein, EI­
ster-Saale) of Britain. Uranium-series dates of ca. 245 Ka are 
in agreement with this age. In situ Clactonian assemblages, 
such as those from the type site of Clacton-on-Sea and the 
lower loam at Swanscombe, are associated exclusively with 
stream-channel deposits. Associated fauna include a pre­
dominance of Elephas antiquus, the straight-tusked forest 
elephant, and Dama clactoniana, as well as remains of other 
large mammals such as horses, bovids, red deer, and 
rhinoceratids. 
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Flake tools from Clacton-on-Sea, England. From j. wymer, The 
Palaeolithic Age, 1982. Reprinted with permission of St. Martins Press, 
Inc. 

Although the Clactonian has often been considered the 
earliest Paleolithic industry of Britain, faunal and strati­
graphic evidence from Kent's Cavern in Devon and from the 
earliest levels at Hoxne, Suffolk, may indicate that the 
Acheulean was as early or earlier here, based on the presence of 
micro mammals that are extinct elsewhere by Hoxnian times. 

Clactonian assemblages are made primarily on flint, 
which is common in these regions, and are characterized by 
thick flakes struck from simple pebble cores. Prominent bulbs 
of percussion reflect the use of direct hard-hammer, or ham­
mer-and-anvil, technique. Double bulbs of percussion and 
complete cones of percussion are also common, perhaps reflect­
ing relatively poor control over the flaking technique. The cor­
responding cores are large and crude, with deep negative flake 
scars. Retouched tools include endscrapers and sidescrapers, 
denticulates, bees, and a characteristic series of deeply notched 
flakes. In a broad sense, the Clactonian is similar to a number of 
other Middle Pleistocene Mode 1 pebble-core industries from 
western Eurasia and Mrica (the Tayacian and the Evenosian of 
France, the Buda industry of Hungary, the Tabunian of the 
Levant, and the Hope Fountain of East Mrica). These indus-
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tries appear to have been made at around the same time as, or 
slightly earlier than, Acheulean assemblages but do not exhibit 
technological features indicating biface production. 

Earlier hypotheses about the nature of the Clactonian­
Acheulean relationship related the contrasts between these 
industries to different cultural traditions or to different 
groups of hom in ids. In the British case, the Clactonians were 
seen as indigenous Britons; the Acheuleans, as invaders from 
the south. More recent hypotheses have focused on possible 
functional, behavioral, and ecological sources for the unique 
features of the Clactonian and similar Middle Pleistocene in­
dustries. For example, at Barnham, British archaeologist N. 
Ashton and colleagues have recovered a large Clactonian as­
semblage around a channel margin estimated to date to ca. 
400 Ka (climatostratigraphic correlation) and, 50 m along 
the same channel, a small collection ofbiface-manufacturing 
flakes typical of the Acheulean. 

See also Acheulean; Buda Industry; Early Paleolithic; Early 
Stone Age; Europe; Hope Fountain; Hoxne; Kent's Cavern; 
Paleolithic; Paleolithic Lifeways; Pi'ezletice; Stone-Tool 
Making; Stranski Skala; Swanscombe; Tabunian; Tayacian; 
Vallonnet. [J.].S., A.S.B.] 

Further Readings 
Ashton, N., McNabb, ]., Irving, B., Lewis, S., and Parfitt, S. 

(1994) Contemporaneity of Clactonian and Acheulian 
flint industries at Barnham, Suffolk. Antiquity 
68:585-589. 

ahel, M. (1979) The Clactonian: An independent complex 
or an integral part of the Acheulean? Curro Anthropol. 
20:685-726. 

Roe, D. (1981) The Lower and Middle Palaeolithic Periods 
in Britain. London: Routledge and Kegan Paul. 

Wymer,]. (1982) The Palaeolithic Age. New York: St. Mar­
tin's. 

Clade 
A monophyletic group of species. The successive diversifYing 
or splitting pattern of evolution, as one species gives rise to 
others through time, yields a picture that has long been com­
pared to the branches of a tree. Even more than a tree, which 
exists in three dimensions, the multidimensional pattern of 
evolution is difficult to illustrate on a two-dimensional page. 
Branches may be separated or distinguished from their 
neighbors at any node or splitting point, whether or not the 
populations along the separate branch are distinguished 
from one another as sister-taxa, time-successive species, or 
just segments of an evolving lineage. Any such lineage seg­
ment, including subsidiary branches, may be termed a clade, 
with no implication of taxonomic rank. 

See also Cladistics; Evolution; Monophyly; Phylogeny; 
Species. [E.D.] 

Cladistics 
Methodology for the reconstruction of phylogeny. First for­
mulated explicitly in the 1950s by German entomologist w: 
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Hennig under the name phylogenetic systematics, cladistics is a 
branch of comparative biology in which taxa are defined and 
recognized exclusively by the possession of shared derived 
characteristics. Cladistics ranks with numerical taxonomy and 
evolutionary systematics as a methodology and school of 
thought in systematic biology. Since the 1970s, cladistics has 
become the dominant approach to classification and phy­
logeny reconstruction. 

Hennig's formulation is strongly rooted in evolutionary 
biology. The recognition oflineages by joint possession of all 
descendants of one or more evolutionary novelties inherited 
from a common ancestral species is based entirely on the pat­
tern of descent with modification envisioned by Darwin as the 
fundamental result of the evolutionary process. Thus, cladis­
tics is the biological version of a more general methodology 
of genealogical reconstruction as developed in historical lin­
guistics and in other fields. 

The essence of reconstruction of any genealogical system 
is recognition of novelties introduced at a single point within 
a single lineage; descendant entities will inherit the novelty in 
its new, or a still further modified, form. Older known enti­
ties within the lineage of necessity lack the innovation, as do 
entities that are pans of collateral lineages. Joint possession of 
such novelties defines lineages from the point of origin of the 
novelty through the entire subsequent history of the lineage. 
For example, manuscripts copied by hand occasionally con­
tain copying errors that themselves have been copied, thus 
forming a lineage of copies distinct from those not copied 
from the manuscript with the original introduced error. 

As with manuscripts, so with organisms. Modifications 
introduced in due course as evolutionary novelties in one lin­
eage but not in others automatically lead to a nested pattern 
of resemblance interlinking all members of the biota, past 
and present. This nested set of resemblances can be used to 
define and delineate taxa-one or more species-that be­
long to a genealogically coherent branch of the phylogenetic 
tree oflife. Such taxa are monophyletic in the strictest cladis­
tic sense: Monophyletic taxa consist of all those species de­
scended from a single ancestral species. 

In cladistic analysis, organismic characteristics are com­
pared among a series of organisms of focal interest. Those 
characters that are invariant, and those that are unique to each 
specimen or basic taxon (be it species, genera, or other taxon 
being compared) are of no further use in the analysis. The 
analysis instead examines patterns of shared similarity that ap­
pear to link up two or more entities within the sample under 
study. Typically, conflicting patterns of shared similarity 
emerge, and the task becomes one of determining which simi­
larities represent joint possession of uniquely derived (i.e., evo­
lutionary) similarities, which represent joint retention of evo­
lutionary novelties inherited from some more remote ancestor 
(and are thus actually primitive similarities in the sample un­
der study), and which are the result of parallel or convergent 
evolution (i.e., the similarities are not actually homologies). 

Methods of Character Analysis in Cladistics 
Because each specifiable attribute of any organism has a 
point in evolutionary history when it was introduced, it fol-

lows that each such attribute has a finite distribution in the 
organic world. Some characteristics, such as fingerprint pat­
terns, appear to be unique to a single organism; other charac­
teristics, such as RNA (ribonucleic acid), are common to all 
known forms oflife. 

The vast majority of characters have a distribution 
somewhere between these two extremes. Mammary glands, 
placentation, and three middle-ear bones, for example, are 
some of the features shared by all placental mammals and are 
thus interpreted as shared evolutionary novelties inherited 
from a common ancestral species. Such sets of characters de­
fine taxa and are termed shared derived characters or, in Hen­
nig's terminology, synapomorphies. Note that, within placen­
tal mammals, possession of a placenta becomes a primitive 
character: the placenta was present in the common ancestor; 
thus, the simple character "placenta present" is of no further 
significance in recognizing separate lines of descent within 
the placental mammals. The placenta is a synapomorphy of 
placental mammals but is a symplesiomorphy (shared primi­
tive character) when two mammalian groups (e.g., Rodentia 
and Primates) are being compared. 

Thus, the central analytic task of any cladistic analysis is 
the correct assessment of distribution of the characters ob­
served to vary among the organisms or taxa under study. Two 
basic approaches are common to both the systematics of ex­
tant organisms and the study of fossils. The first is out group 
comparison. Most cladistic studies begin with some previ­
ously constructed hypothesis of affinity among the organ­
isms under examination-including a hypothesis of the 
next-most-closely-related taxon outside the group under di­
rect examination, the outgroup. If a character that is ob­
served to link two or more study taxa is also observed in the 
outgroup, the character is judged to be primitive for the 
study group and of no significance in linking any two or 
more taxa within the study group. Outgroup comparison is 
essentially a mapping exercise to determine the actual distri­
bution of a given character. The second approach is ontogeny. 
The development of an organism from a fertilized zygote to 
an adult involves complexification as well as modification of 
structure. Often, a character seems to be missing in adult 
form, found to be present only in early developmental 
stages-the classic example is pharyngeal gill slits of Verte­
brata, present in adult form in various aquatic "fish" taxa but 
seen as well in developing embryos of tetrapods. Finally, be­
cause characters more widely distributed than the taxa 
within a particular study group are held to be primitive for 
that group, it is also commonly asserted that the order of ap­
pearance of characters in the fossil record may additionally 
serve as a direct form of inference in character analysis-a 
point that continues to be debated. 

The results of a cladistic analysis are plotted on a clado­
gram, which depicts the relationships among the study taxa; 
the nodes joining the branches of such a diagram simply re­
flect joint possession of one or more synapomorphies. Evolu­
tionary trees are more complex statements, specifYing ances­
tral and descendant species in a reconstructed phylogeny. A 
single classification may be derived directly and unambigu­
ously from a cladogram with a minimum of rules and con-



ventions; however, a number of classifications may be consis­
tent with anyone evolutionary tree. Recently, quantitative 
methods have been developed for generating cladograms us­
ing various algorithms based on parsimony analysis. These 
are discussed in the entry on NUMERICAL CLADISTICS. 

See also Classification; Evolution; Evolutionary Systematics 
(Darwinian Phylogenetics); Homology; Numerical Cladis­
tics; Phylogeny; Quantitative Methods; Taxonomy. [N.E.] 

Further Readings 
Eldredge, N., and Cracraft, J. (1980) Phylogenetic Patterns 

and the Evolutionary Process. New York: Columbia 
University Press. 

Hennig, W. (1966) Phylogenetic Systematics. Urbana: Uni­
versity of Illinois Press. 

Platnick, N.!., and Cameron, H.D. (1977) Cladistic meth­
ods in textual, linguistic, and phylogenetic analysis. 
Syst. Zool. 26:380-385. 

Wiley, E.O. (1981) Phylogenetics. New York: Wiley. 

Clark, J[ohn] Desmond (1916-) 
British-trained archaeologist. Professor emeritus at the Uni­
versity of California, Berkeley, Clark has been responsible for 
significant discoveries and has set directions and emphases in 
the study of African prehistory; he has also trained a large co­
hort of African archaeologists, both from the West and from 
Africa itself. His contributions, many in collaboration with 
international colleagues, include the initiation and leader­
ship of the Pan-African Congress of Prehistory and Quater­
nary Studies; the definition of the basic Stone Age terminol­
ogy for sub-Saharan Africa; an emphasis on behavioral and 
environmental reconstruction; the promotion of ethnoar­
chaeology as a tool for understanding the past; major excava­
tions at Lunda (Angola), Kalambo Falls (Zambia), Mwan­
ganda's Village (Malawi), and Latamne (Syria); and extensive 
surveys and excavations in Somalia, Ethiopia, and the Sudan, 
the latter relating to the origins of domestication. 

See also Africa; Domestication; Early Stone Age; Ethnoar­
chaeology; First Intermediate; Kalambo Falls; Later Stone 
Age; Magosian; Middle Stone Age; Sangoan; Second Inter­
mediate. [A.S.B.] 

Clarke, [Sir] John Grahame Douglas (1908-1996) 
English archaeologist. Clarke was one of the formative influ­
ences in British archaeology in the second half of the twenti­
eth century. Based for his entire career in Cambridge, where 
he became Disney Professor and Master of Peterhouse Col­
lege, Clarke played a major role in the development of eco­
nomic archaeology. In doing so, he broadened the horizons 
of the subject from a preoccupation with stone-tool typology 
to a more general understanding of how earlier populations 
exploited their environments. This did not mean any lack of 
interest in technology, however; indeed, for many readers of 
this encyclopedia, his most important contribution was the 
Mode 1-5 classification of Paleolithic industries that freed 
such classification from local and regional connotations. The 

CLASSIFICATION 

author of several books on world and European prehistory, 
Clarke specialized in the Mesolithic period and was particu­
larly well known for his excavations at the English Mesolithic 
site of Starr Carr. 

See also Mesolithic; Modes, Technological; Starr Carr. [I.T.] 

Further Readings 
Clarke, J.G.D. (1952) Prehistoric Europe: The Economic 

Basics. London: Methuen. 
Clarke, J.G.D. (1954) Excavations at Starr Carr. Cam­

bridge: Cambridge University Press. 
Clarke, J.G.D. (1957) Archaeology and Society. 3rd Edi­

tion. London: Methuen. 
Clarke, J.G.D. (1972) Starr Carr: A Case Study in Archae­

ology. (Addison-Wesley Modular Publications, 
McCabe Module No. 10). Reading, MA: Addison­
Wesley. 

Classification 
In biology, the arrangement of organisms into sets. The 
world contains millions of kinds of living organisms. Many 
more existed in the past but are now extinct. For us to under­
stand and to communicate with one another about this ex­
traordinary variety of organisms, it is essential that we clas­
sifY them. But it is important to bear in mind that any 
classification we adopt is a product of our minds and not a 
property of nature. Rules exist for naming organisms, but or­
ganizing them in a classification is a less objective procedure. 

Practice of Animal Classification 
The system universally used today to classifY animals and 
plants was devised by the eighteenth-century Swedish sys­
tematist Carolus Linnaeus. He expounded this system in his 
Systema Naturae, the definitive edition of which is taken to 
be the tenth, dated 1758. No names of organisms published 
before that date are recognized as valid, while all names of 
animals published subsequently must conform to the rules 
of the Linnaean system, codified today in the International 
Code o/Zoological Nomenclature (hereinafter, "the Code"). 

The Linnaean approach to classification establishes an 
inclusive hierarchy of ranks, within which every living or­
ganism has its place. An inclusive hierarchy is one in which 
every rank includes all of those below it: All members of a 
subfamily, for example, belong also to a family. This con­
trasts with the exclusive, "military" type of hierarchy, in 
which an individual can belong to only one rank. The basic 
unit of the Linnaean system is the species, which is denoted 
by a binomen, or a combination of two names, each of which 
is written in latinized form and italicized. We, for example, 
belong to the species Homo sapiens. Species are grouped into 
genera, and the first component (Homo) of the double name 
is the name of the genus. In combination with the first, the 
second (specific) name (sapiens) identifies the species. 
Species belonging to different genera can share a specific 
name (e.g., Proconsul africanus, Australopithecus africanus); it 
is thus the combination of the genus and species names that 
is unique. Sometimes, one sees yet a third latinized, italicized 
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name, as, for example, in Eulemur fulvus rufus; the last name 
denotes a subspecies, a category within the species itself The 
name that must be used in referring to any species is the one 
first applied to it in accordance with the Code (in force at 
that point; the rules are amended from time to time). This is 
the name with priority, other names that may later have been 
given to the same organism are known as junior synonyms. 

Categories in the Hierarchy of Classification 
Because of the sheer vast numbers ofliving organisms, we are 
obliged to have many categories (ranks) in our classification, 
not all of which there is room to mention here. Continuing 
with Homo sapiens as an illustration, as animals we belong to 

the kingdom Animalia. This contains several phyla, ours be­
ing Chordata; within Chordata, we belong to the subphy­
lum Vertebrata; within Vertebrata, to the class Mammalia. 
Within Mammalia, we are members of the order Primates; 
within Primates, we are classed as follows: 

Order 
Semiorder 

Suborder 
Hyporder 
Infraorder 

Parvorder 
Superfamily 

Family 
Subfamily 
Tribe 

Genus 
Species 

Primates 
Euprimates 
Haplorhini 

Anthropoidea 
Catarrhini 

Eucatarrhini 
Hominoidea 

Hominidae 
Homininae 

Hominini 
Homo 

Homo sapiens 

As we ascend the classification, we share each successive 
rank with more and more relatives. Thus, among living forms 
we share the order Primates with the lemurs, lorises, tarsiers, 
Old and New World monkeys, and the greater and lesser apes, 
whereas besides ourselves the superfamily Hominoidea in­
cludes only the apes. Each category, at whatever level, is 
known as a taxon (plural taxa): Species are taxa, so are families, 
so are orders. From this, we derive the term taxonomy, which is 
the study of the theory and practice of classification. Note that 
the family and the subfamily names end in "- idae" and" -inae," 
respectively; this is required by the Code for taxa at those 
ranks. The Code also recommends the suffixes "-oidea" for su­
perfamilies, "-ini" for tribes, and "-ina" for subtribes. 

Principles of Classification 
The only theoretical requirement of any classification is that 
it be consistent. We can use any criteria we like to construct 
the classification itself Linnaeus's classification, in which he 
included Homo in Primates along with the apes, monkeys, 
and lemurs, predated the concept of evolution and was based 
purely on structural resemblance. Nowadays, elements of 
both structure and evolutionary relationship are often in­
cluded in arriving at zoological classifications. However, since 
the only information that can actually be retrieved from (as 
opposed to put into) a classification is the inclusive sets of an-

which this structuring corresponds is the branching of lin­
eages in phylogeny, it has been strongly argued that classifica­
tions should strictly reflect evolutionary relationships in the 
narrowest sense. While the point is well taken, such strict ad­
herence to phylogeny makes classifications susceptible to 
constant change with advancing knowledge. Stability in clas­
sifications is essential if they are to serve as effective means of 
communication about groups of organisms; their potential 
instability, together with the large number of categories they 
tend to require, makes strict phylogenetic classifications im­
practical. No classification will ever be satisfactory for all pur­
poses or remain useful forever, but those that are the most 
generally useful are likely to be based on phylogeny (and in­
sisting on monophyly-i.e., that every group should contain 
all known descendants of the common ancestor of the group, 
and only them) but modified in the light of structural consid­
erations to minimize the number of ranks. 

See the front matter pg. xxiii for a complete generic clas­
sification of the primates. 

See also Cladistics; Incertae Sedis; Nomenclature; Phylogeny; 
Priority; Species; Subspecies; Synonym(y); Systematics; Tax­
onomy. [LT.] 

Further Readings 
Eldredge, N., and Cracraft, J. (1980) Phylogenetic Patterns 

and the Evolutionary Process. New York: Columbia 
University Press. 

International Trust for Zoological Nomenclature (1985) In­
ternational Code of Zoological Nomenclature, 3rd ed. 
Berkeley: University of California Press. 

Mayr, E. (1969) Principles of Systematic Zoology. New 
York: McGraw-Hill. 

Simpson, G. G. (1961) Principles of Animal Taxonomy. 
New York: Columbia University Press. 

Cleaver 
Large, usually bifacially flaked artifact with a straight, 
sharp-edged bit on one end, characteristic of the Acheulean 
technological stage and generally associated with handaxe 
industries (it can also be found in some Mousterian indus­
tries). Many cleavers, especially those in lava or quartzite, 
are made on large flakes with a natural flake-edge bit, while 
those of flint may also be shaped by bifacially flaking a 

imals represented, and because the only attribute of nature to Two forms o[cleaver. Scale is 1 em. 



straight-edged bit on the end of a large biface, or by a 
tranchet blow to create a sharp, regular bit-edge. Experi­
ments indicate that these forms make excellent cutting 
tools in animal butchery and are also good woodworking 
tools. 

See also Acheulean; Biface; Early Paleolithic; Handaxe; 
Mousterian; Raw Materials; Stone-Tool Making. [NT., 
K.S.] 

Climate Change and Evolution 
Climate consists of prevailing annual patterns of near­
surface atmospheric conditions in a given region, measured 
in terms of temperature, precipitation, and wind. In general, 
climate is the result of four factors: (1) the balance between 
incoming solar energy and the loss of energy from the Earth, 
known as the radiation balance; (2) wind-borne moisture 
and heat; (3) the influence of bodies of water that store and 
transport heat and moisture (ocean currents are of particular 
importance); and (4) the physical characteristics of the re­
gion and its surroundings. The latter include surface-and 
groundwater, soil cover, vegetation density and ecology, 
color and reflective ptoperties of the ground surface, and 
topography. Hills, mountains, and seacoasts also channel 
winds and create local circulation patterns. 

Long-term climate change has been linked to cyclical 
variations in the eccentricity of the Earth's orbit, the preces­
sion of the equinoxes around the elliptical orbit, and the 
wobble in the spin axis, together generally known as Mi­
lankovitch cycles after the Serbian geographer who published 
calculations of the variations in solar energy at the Earth's 
surface that would be caused by these cycles. These different 
cycles have major periodicities of ca. 100 Kyr, 40 Kyr, and 
2l. 7 Kyr, respectively. Eccentricity also has longer cycles in 
amplitude variation at 410 Kyr and l.3 Myr. The strength 
and the angle of incidence of the Earth's solar radiation, and 
therefore terrestrial temperatures, are affected by these astro­
nomical cycles. The variations in the tilt of the Earth in rela­
tion to the sun also change the effective latitudinal position 
of the polar circles and the tropics by a few degrees. 

Geological agencies contribute to climate change by af­
fecting wind and ocean circulation patterns. Continental drift, 
mountain building, regional uplifts, rifting, vulcanism, and 
changes in sea level all influence the intensity and the path of 
prevailing winds and currents and, hence, the temperature and 
moisture content of local air masses. On a regional scale, the 
uplift of the Tibetan and the Colorado plateaus, as part of in­
creased crustal movement in the later Cenzoic, appears to have 
intensified Pleistocene climate swings. On a local scale, evi­
dence has been cited that changes in rainfall and sedimentation 
due to rift faulting were influential in the evolution and distri­
bution of Plio-Pleistocene mammals, including hominids. 

Long-Term Climate Trends 
Continental drift is the underlying cause of the global 
change from equable, pantropical conditions of the later 
Mesozoic and Early Cenozoic to the unstable, highly sea­
sonal, and geographically differentiated climates of the mod-
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Global climate over the past 70 million years. Changes in the volume of 
ice on land. determined by variation in the "light" isotope of oxygen in 
sea water, is the best available indicator of Cenozoic climate. The curve 
shown here, from oxygen isotope ratios tracked in ten deep-sea drill cores 
in the Atlantic Ocean Basin, shows well-defined steps in global cooling 
that were reflected in sharp changes in continental environments. (The 
sharp peak while the ocean was stagnant in the early Eocene probably 
does not reflect ice melting or high temperature, but higher-than-normal 
concentration of freshened sea water in the ocean depths due to weakened 
circulation.) 

ern world. The world oceans today (saving only the near-iso­
lated Mediterranean) are colder than at any time since the 
Late Paleozoic ice ages, with the main water masses of the 
deep-ocean basins 4 to 10°C and a thin film of sun-warmed 
water on top. The deep waters are constantly replenished 
through the refrigeration of surface water in the polar re­
gions, primarily around Antarctica, that results in plumes of 
dense cold water flowing down the continental slopes into 
the ocean depths. Added to this is the fact that the influence 
of equatorial winds and currents in distributing heat to high 
latitudes is weakened by the present north-south alignments 
of the continents, and the subduction-induced elevation of 
the Himalayas, the Andes, and the Colorado Plateau. Under 
the present cold-ocean conditions, the Milankovitch cycles 
have their greatest effect on world climate, because the ther­
mal mass of the oceans is at a minimum. 

In the Early Cenozoic, on the other hand, the advective 
circulation of seawater came instead from the sinking of 
warm, evaporatively concentrated water in the tropics, 
which filled the deep-ocean basins with water masses at an 
average temperature of ca. 28°C. Oceanographic studies in­
dicate that the change from evaporative to refrigerative circu­
lation, when sinking water zones shifted from the tropics to 
the poles, came at the end of the Paleocene. Deep-sea cores 
show a sharp, abnormal spike in dissolved CO2 and a massive 
die-off in deep-water microfaunas, which was probably due 
to a brief, catastrophic stall in ocean advection. While evi­
dence for pre-Oligocene ice fields in Antarctica is debatable, 
there is no question that, since the mid-Cretaceous, the polar 
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continent had been steadily growing colder as the straits be­
tween Antarctica and the other Gondwana continents 
widened, thereby strengthening the massive Circum-Antarc­
tic Current. The effect of this current, today the only circum­
global oceanic circulation, is to thermally isolate the polar 
continent, with a direct effect on glacial ice buildup. 

The climatic effects of a cold ocean were not felt, how­
ever, until the end of the Eocene. At this time, a marked 
change in climate, in the form of new extremes in seasonal­
ity, affected both marine and mammalian faunas in the tem­
perate regions. One important consequence was the virtual 
extinction of the primate faunas of North America and Eura­
sia, so that the only remaining center of primate diversity was 
in Afro-Arabia. Coincident with this extinction event was a 
sharp drawdown in world sea level, which may have been 
triggered by a new advance in Antarctic ice and a massive 
wave of intercontinental migration, the Grande Coupure. 

The tectonic joining of Afro-Arabia to Eurasia in the 
Early Miocene, the closure of deep-water passages between the 
Indian and the Pacific oceans during the Late Miocene and 
Early Pliocene, and, finally, the sealing of the Magdalena Straits 
in Colombia as South and North America pressed together in 
the Late Pliocene-all increased the breakdown of equatorial 
circulation and the dominance of refrigerative circulation. The 
effects of Milankovitch cycles intensified gradually, with major 
cold-climate spikes at 2.5 Ma, 1.8 Ma, 0.9 Ma, and 0.4 Ma. 
Each of the cold-climate steps was more severe than the one be­
fore, and each left a new imprint on the flora and fauna that 
was nor erased during the intervening warmer climates. As a re­
sult, the world biota became steadily more fragmented and im­
poverished. The relevance of these steps to the definition of the 
base of the Pleistocene has long been debated; the international 
boundary is identified with the 1.8 Ma step, but the 2.5 Ma 
cooling had a major effect on terrestrial environments. 

Short-Term Climate Influences 
In the short term, large-scale volcanic activity alters climate by 
diminishing the transparency of the atmosphere. The aerosol 
of ejected microscopic particles and sulfuric acid (H2S04) can 
form a veil of mist in the stratosphere. This partially intercepts 
the sun's short-wave radiation, while the long-wave radiation 
passes through unimpeded. This filter layer is warmed while 
the surface and lower atmospheric temperatures are some­
what reduced. The carbon dioxide content of the atmosphere 
also plays a major, perhaps critical, role in controlling air tem­
peratures and may be one of the principal means by which 
orbitally driven insolation cycles influence climate. Atmo­
spheric CO

2 
content is regulated by changes in CO

2 
solubil­

ity in ocean surface waters. This process is strongly tempera­
ture dependent, and slight changes in insolation can lead to 
major changes in the CO

2 
effect on global temperature. 

The reflective properties of the Earth's surface, or 
albedo, affect the amount of radiant energy absorbed. 
Glacial episodes are triggered by orbitally forced lower win­
ter temperatures and begin with periods of increased winter 
precipitation (pluvials in the tropics) with deeper snow 
packs, so that the areas covered with permanent ice expand 
outside of the core areas of Antarctica and Greenland. At 

some point, the growth of the reflective ice alters the radia­
tion balance while, at the same time, the SST (sea surface 
temperature) is lowered by increased ice contact, so that pre­
cipitation declines sharply. The reduced cloud cover allows 
heat to be reflected back into space-a reverse of the green­
house effect-resulting in further cooling. Another factor 
acting in the same direction is the depletion of surface water, 
which reduces vegetative cover and further increases reflec­
tivity. Thus, all glacial-climate episodes of the later Ceno­
zoic, whether mild or intense, normally begin with cool and 
wet conditions and climax with cold and dry; in higher lati­
tudes, the climax is also known as the polar desert phase. Be­
cause they "make their own climate," the cold, highly reflec­
tive continental ice sheets of the Northern Hemisphere tend 
to persist well past the climax phase and then catastrophi­
cally collapse during the early part of the interglacial interval. 

Climatic Influences on Hominid Evolution 
In the context of the relatively highly developed state of 
geochronometry and paleontology in Africa, the Late Ceno­
zoic cool-climate episodes appear to coincide with, and ar­
guably to influence, major events in the cladogenesis of the 
Hominidae. Arguments based on the correlation of paleocli­
mate to changes in vegetation and pulses of faunal extinction 
and speciation have been outlined in the habitat theoryofE.S. 
Vrba. Basic assumptions in this theory are that the fundamen­
tal adaptations for specific terrestrial vegetational habitats tend 
to be heritable and, thus, characteristic for clades, that terres­
trial mammal biomes may be characterized by the gross vege­
tational physiognomy of their habitat, and that distribution 
movements (drift) occur primarily in the context of changes­
above all, climate changes-in the physical environment. 

It has long been recognized that the Late Miocene (Tur­
olian or Clarendonian) of the temperate regions of Eurasia 
and the Americas was marked by a major climate change to­
ward more seasonal, summer-dry conditions that dramati­
cally affected terrestrial environments. Savannah biomes, 
dominated by grasses and deciduous trees, rapidly replaced 
forests and evergreen broadleaf woodlands over huge areas, 
and mammalian communities that were adapted to these 
conditions proliferated. This crucial interval, dated at ca. 10 
Ma, is far less well documented in Africa, but there is some­
what equivocal evidence that this period saw a retreat of trop­
ical forests in East Africa and an increase in wooded savannah 
and open grasslands, with increased habitat diversity. The 
global climate change may have been accentuated by active 
development of the African Rift system at this time, in which 
the fossilizing basins of the rift floor would lie increasingly in 
the rain shadow of the rising rift shoulders. The tectonic frag­
mentation of the environment may have facilitated a pulse of 
vicari ant diversification and adaptation among Late Miocene 
hominids, similar to many other mammal groups (e.g., 
bovids, suids, and carnivores), but, in the absence of any fos­
sil material, this is only speculative. It has been suggested, for 
instance, that the expansion of grasslands at this time might 
have favored the advent of hominid bipedalism. This adapta­
tion is, of course, an energetically efficient means oflocomo­
tion in open country, available only to animals preadapted to 



prolonged semi erect balancing, and has the added advantage 
of posture that allows for better vision in grassland even as it 
reduces the surface area exposed to radiation. At the dawn of 
the twenty-first century, however, we have no evidence for 
when this excellent innovation first appeared. 

The most compelling, though still controversial, evidence 
for the relationship of climate change to human evolution is 
based on studies of the fossil evidence dated to, or slightly be­
fore, 2.5 Ma, the time of the global cooling event seen in deep­
sea cores. At approximately this time, biome boundaries, grad­
ing from dry grasslands through open woodlands to tropical 
forests, shifted markedly toward the Congo Basin, with the re­
sult that the grassland vegetation and associated mammalian 
faunas expanded at all latitudes. The ca. 2.5 Ma fauna of the 
Chiwondo Beds in Malawi contains several mammal genera 
that today are limited to areas much farther south-most no­
tably, bovids with preferences for open habitats. The same de­
posits also yield the earliest records in southern Mrica of the 
Asian immigrants Oryx and Equus, further indicating the 
spread of open-grassland conditions. Supporting evidence for 
this shift comes from an increase of open-grassland pollen in 
both marine and terrestrial (particularly low-altitude basin) 
samples, although overall the regional environmental settings 
remained a mosaic of habitats. However, in 1997, A.K. 
Behrensmeyer and colleagues reviewed the record around this 
time in the Turkana Basin and questioned the degree of climat­
ically induced faunal turnover, at least in that region. 

The floral changes suggest a period of relatively xeric con­
ditions and appear to correspond to a pulse of faunal extinc­
tions and speciations in response to the relatively extensive and 
rapid environmental shifts. The selective pressures of this habi­
tat change appear to have favored megadont adaptations for 
feeding on tougher, more fibrous fruit, leaves, and grass in 
the dry, open woodland-savannah environment. Among the 
megafauna, the bovids, suids, and elephantids with larger teeth 
and more robust jaws became more diverse and more abun­
dant at this time, and this was also true for early hominines as 
well. In Paranthropus robustus, P boisei, and Homo rudo/fensis, 
all of which appearto have evolved ca. 2.5 Ma or soon after, the 
same tendency is seen to postcanine megadontia, heavily rein­
forced and massive facial skeletons supporting relatively large 
masticatory musculature, and relatively thick enamel. 

See also Cenozoic; Cyclostratigraphy; Glaciation; Grande 
Coupure; Milankovitch, Milutin; Pleistocene; Stable Iso­
topes (in Biological Systems). [T.G.B., J.A.v.e.] 
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Cline 
Linear pattern of variation in one or more phenotypic organ­
ismic features within a species. Generally, such patterns 
adaptively match a linear range of variation of environmen­
tal features, such as altitude or mean annual temperature. 
Simpson termed such geographic clines choroclines, in con­
trast to chronoclines, which are linear, gradational patterns of 
phylogenetic change within a species through time. The two 
phenomena, however, are not strictly comparable, and use of 
these terms is to be discouraged. 

See afro Adaptation(s); Evolution; Phylogeny. [N .E.] 

Clothing 
As hominids spread to cooler, more temperate zones, it is 
likely that the need for clothing became an adaptive neces­
sity, especially during winter months. The earliest forms of 
clothing were probably simple garments of skin or beaten 
vegetable material, draped over or tied around the body, per­
haps with the aid of skin thongs or other forms of cordage. 

Although the materials from which early clothing might 
have been made are perishable and do not survive in the Pale­
olithic record, several lines of evidence suggest the use of gar­
ments (e.g., in later Acheulean and, especially, Mousterian 
times). The prevalence of well-made sidescrapers may sug­
gest a reliance upon hide working, an activity corroborated 
by the detection of microscopic hide-polish development on 
some of these scraper edges. The presence of pointed pen;:oirs 
(awls) in some of these assemblages may also suggest the per­
foration of hides for lacing with leather thongs. 

By Aurignacian times in the Upper Paleolithic, bone 
awls are common, suggesting widespread use of these perfo­
rators in preparing hides for clothing and possibly for other 
purposes such as tents or containers. Bone and antler needles 
first appear in the Solutrean period of the Upper Paleolithic 
and suggest the sewing of hides with a thread made of sinew 
or vegetable material. Twine made from vegetable fibers is in­
dicated in ceramic impressions at Dolni Vestonice (Czech 
Republic) as early as 26 Ka. The high frequency of ends crap­
ers found in Upper Paleolithic assemblages also suggests hide 
working, again corroborated by microwear analysis. Since 
many bone and antler needles may not have been strong 
enough to sew through hides by themselves, the use of 
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Carved-bone figurine from the Late Paleolithic site of Malta, Siberia 
(Russia), with apparent representation of clothing (ca. 6 cm tall). 

pen;oirs to initiate holes in material to be stitched is likely. At 
the Upper Paleolithic site of Sungir on the Russian Plain, 
each of three burials had thousands of associated bone beads, 
probably representing decorations sewn into garments. 

Arrwork from the later phases of the Paleolithic may 
portray human figures with clothing: Some of the figurines 
from the Upper Paleolithic appear to be wearing skirts, 
aprons, headdresses, or parkas. 

See also Acheulean; Aurignacian; Awl; Europe; Mousterian; 
Paleolithic Image; Paleolithic Lifeways; Sungir; Upper Pale­
olithic. [N.T., K.S.] 

Further Readiugs 
Daumas A., ed. (1969) A History of Technology and Inven­

tion: Progress through the Ages, Vol. 1. New York: 
Crown. 

Hodges, H. (1976) Artifacts: An Introduction to Early Ma­
terials and Technology. London: Baker. 

Clovis 
Distinctive, large, bifacially flaked lanceolate point manufac­
tured by percussion flaking. The base is thinned by one or 
more fluting flakes, and the basal edge is dulled, presumably 
to facilitate hafting. First discovered at Clovis (New Mexico), 
such points have since been found throughout much of 
North America. They date to 11 Ka in the earliest layers of 
Blackwater Draw (New Mexico). Clovis points, typically as­
sociated with mammoth kills, belong to the earliest of the 
Paleo indian traditions. 

See also Americas; Blackwater Draw; Llano Complex; Mead­
owcroft Shelter; Paleoindian; Sandia. [L.S.A.P., D.H.T.] 

Colobinae 
Subfamily of Old World monkeys including the leaf-eating 
cercopithecids, such as langurs (Presby tis and Semnopithe­
cus), doucs (Pygathrix), proboscis monkeys (Nasalis), 
guerezas (Colobus), and their extant and extinct relatives. In 
adapting to the high proportion of leaves and other low­
quality foods in their diet, colobines have evolved a number 
of derived conditions as compared with the cercopithecid 
morpho type. 

These include extra chambers in the stomach to en­
hance fermentation and digestion of cellulose; increased 
cheek-tooth crown relief (berween cusp tips and notch bases) 
but reduced flare and short lower molar trigonids (possibly 
conservative); reduction in incisor size (and greater fre­
quency of underbite); a mandible with expanded gonial re­
gion but shallowing mesially. As part of their adaptation to 
arboreal running and leaping, colobines have relatively 
longer limbs, hands, and feet than do cercopithecines of sim­
ilar weight. In addition, the external thumb is reduced in 
length, in some cases lost entirely, and the tarsal region is 
shortened; the latter is best seen in the cuboid-ecto­
cuneiform contacts, where the distal facet is lengthened 
while the proximal is reduced or lost. Although in most ca­
tarrhines the major weight-bearing axis of the foot passes 
through the middle digit, which is longer than the fourth, in 
colobines these rwo are equal, signaling the shift of the axis of 
the foot to berween these rwo rays. In concert with this, a 
number of related muscle functions have been modified and 
a groove developed on the proximal astragalus. Colobines 
generally have retained the ancestral cercopithecid condi­
tions of a short, broad face with wide interorbital distance, 
short nasal bones, and a lacrimal fossa extending onto the 
maxilla; a relatively high-vaulted skull; fully enamel covered 
lower incisors; and a simple cerebral sulcal pattern. 

Within the modern Colobinae, both morphological 
and (rare) molecular evidence suggests a division into sub­
taxa according to geography. Because the number of diag­
nostic features separating them is low, these groups have 
been ranked as subtribes rather than full tribes; they seem to 
be about as distinct from one another as the sub tribes of the 
Cercopithecinae. 

The African colobinans have completely lost the external 
thumb and the proximal cuboid-entocuneiform contact, while 
these features are only reduced in the Asian presbytinans. Two 
living genera are recognized in Africa: Colobus (the guerezas, or 
black-and-white colobus) with four species, characterized by 
the derived loss offemale sexual swellings and the development 
of a large larynx and subhyoid sac; and Procolobus (for olive 
colobus and red or bay colo bus) with perhaps three to four 
species, typified by a four-chambered stomach (other 
colobines have only three chambers), a sagittal crest (perhaps 
implying a relatively small brain), a male perineal organ, and 
discontinuous male ischial callosities (also in Asian Pygathrix). 
The Asian colobines are more numerous and their interrela­
tionships more complex; in fact, it is possible that they may not 
form a natural (holophyletic) group. For the present, four gen­
era are recognized, most with subgeneric divisions. Semno­
pithecus may be the most conservative, Presby tis intermediate 



Dentition (right side) of male Nasalis, in occlusal (upper on left, lower 
on right), buccal, and lingual views. Scale is 2 cm. From Szalay and 
Delson, 1979. 

(possibly dwarfed, according to N. Jablonski), and Nasalis and 
Pygathrix the most derived, at least in terms of facial shape. 

The colobine diet includes not only leaves but a variety 
of fruits, flowers, buds, shoots, seeds, insects, gums, and 
earth (for minerals). Their enlarged stomach permits the in­
gestion of foods high in toxic substances (secondary com­
pounds), which can be detoxified through the action of the 
same bacteria that break down the cellulose in leaves. Most 
living colobines are active arboreal leapers and runners, with 
only one species, Semnopithecus entellus, spending much time 
on the ground; several fossil colobines have independently 
become terrestrial, however. Group composition is mainly 
multimale, with troop sizes up to 100 (e.g., Procolobus ba­
dius) but more commonly 20-40. Some species live in small 
groups with a single adult male (most Colobus and Presby tis, 
among others), and at least Presby tis potenziani is apparently 
monogamous. In S. entellus, among other species, coalitions 
of peripheral males may attack the primary male of a troop 
and kill or expel him, at which time they, or a new leader, 
may attack and kill juveniles. Among colobines, juveniles are 
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Known time ranges of colobine genera; solid lines indicate well-preserved 
fossils, dotted lines indicate fragmentary remains, less clear allocations, or 
dating uncertainty. The relationships among these taxa are still relatively 
unclear, and thus no attempt is made to present a cladogram, but see the 
diagram of living genera in the entry CERCOPlTHEClDAE. 

often carried by females other than the mother-known as 
aunting behavior, this may serve to speed independence of 
the infant from its mother and protect it from infanticide 
during male takeovers. Home-range size averages ca. 30 ha 
but is variable both between species (e.g., 130 ha in Nasalis 
larvatus) and even within species, depending on environ­
mental factors (e.g., from 5 to 1,300 ha in S. �e�n�t�e�l�l�u�s�.�~�.� Nu­
merous species are endangered, often as the result of human 
hunting and expansion of cultivated land. 

The fossil record of the colobines is quite good in both 
Africa and Europe but poor in Asia. The earliest African 
colobine, Microcolobus, is known by a single mandible from 
N geringerowa (Kenya), estimated to date to ca. 10-9 Ma. 
This is the smallest known colobine, slightly smaller in tooth 
size than Procolobus verus but larger than the cercopithecin 
Miopithecus talapoin. Tooth relief is low for a colobine, and 
the inferior transverse torus of the symphysis is poorly devel­
oped, as in cercopithecines but no other colobine. A larger 
colobine is known by isolated teeth from the Late Miocene 
(ca. 8 Ma) of Marceau (Algeria). Originally identified as a 
macaque, then termed "Colo bus" in the sense of an African 
colobine, these teeth show some similarities to the Pliocene 
Cercopithecoides. Late Miocene sites in Libya and Egypt have 
yielded a nearly complete cranium, some teeth, and perhaps 
fragmentary limb bones of Libypithecus, a form broadly sim­
ilar to the red colo bus. The Pliocene of southern and espe­
cially eastern Africa saw a great flowering of colobine diver­
sity. Cercopithecoides was long known by skulls and teeth in 
South African sites dating between 3 and l.5 Ma (e.g., 
Makapansgat, Sterkfontein, Kromdraai), but an associated 
partial skeleton from Koobi Fora (Kenya) demonstrated that 
it was the most terrestrially adapted colobine known. Iso­
lated limb bones of this 20-25 kg species (male estimate 
only) can be mistaken for those of Theropithecus baboons. 
The teeth of Cercopithecoides are often heavily worn, suggest-
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Drawings, in right lateral view, of representative colobines; M = male, 
F = flmale. Top row: tParacolobus chemeroni (M), tRhinocolobus 
turkanaensis (fj. Second row: tCercopithecoides wiIliamsi(M), tc. 
kimeui (M). Third row: tLibypithecus markgrafi (M), Colobus 
guereza (F-note large canine). Bottom row: t Mesopithecus pentelicus 
(M), t Dolichopithecus ruscinensis (F). Scale bar = 5 em; t indicates 
extinct species. By Lorraine Meeker. 

ing that its diet included grit taken in with terrestrial foods 
and that enamel had not been thickened to prolong tooth 
life. Somewhat larger (at 43-50 kg for males) was Para­
colobus, whose fossils span from 3.5 to 1.9 Ma at such East 
African sites as Laetoli (Tanzania), Koobi Fora (Kenya), and 
Omo (Ethiopia). A nearly complete skeleton reveals a fore­
limb that looks like those of more terrestrial monkeys, but a 
scapula and a foot that indicate a relatively arboreal adapta­
tion. A third genus, Rhinocolobus, from Koobi Fora, Omo, 
and Hadar (Ethiopia) localities between 3.5 and perhaps 1.3 
Ma, was intermediate in size, and fragmentary limb bones 
suggest a degree of arboreality comparable to that in living 
colobinans. This is unexpected for such a large-bodied 
species. A medium-sized colobine is known by a partial skull 
and skeleton from the Hadar region and from isolated teeth 
in other deposits, and small teeth of Colo bus size have also 
been found at Laetoli, Omo, and Koobi Fora. Most of these 
species seem to have survived Late Pliocene climatic cooling 
but had disappeared by the start of the Pleistocene. 

The earliest Eurasian colobine, Mesopithecus pentelicus, 
ranged over a wide area from Yugoslavian Macedonia to 
Afghanistan ca. 8-7 Ma, and a tooth from central Germany 
may date to 11-10 Ma. This species, known from dozens of 
skulls and numerous limb bones, was probably a semiterres­
trial inhabitant of gallery forests bordering open steppe, 

comparable in its morphological features to the modern 
Semnopithecus entellus, the Hanuman langur. Body size is es­
timated at ca. 11-15 kg for males, 7-10 kg for females. At 
the end of the Miocene, although southern Europe was 
rather arid, northern Central Europe retained forested re­
gions, which may have served as a refuge for a flora that 
spread rapidly from Spain to Ukraine with the return of 
moist conditions at the start of the Pliocene. 

Another terrestrial colobine, Dolichopithecus, is com­
mon in Early Pliocene sites over this wide range of monsoon 
forest. Larger than Mesopithecus (20-30 kg for males, 12-18 
females), with a long face and numerous postcranial adapta­
tions to life on the ground, Dolichopithecuswas in some ways 
a colobine "mandrill" or forest baboon. It has been thought 
to be a direct descendant of M. pentelicus, but that view was 
somewhat weakened by the finding that, while the latter 
species has the derived African colobinelike loss of the proxi­
mal cuboid-entocuneiform contact, Dolichopithecus presents 
the less-derived small facet. Th is pattern is variable in the liv­
ing species, however. A second, less terrestrial, species of 
Mesopithecus coexisted with Dolichopithecus through most of 
the Pliocene. A current problem in colobine systematics is 
the relationship of this group (if, indeed, it is a unified clade) 
to the eastern Asian species. 

Asian colobine fossils are quite rare, but a number of 
teeth have been recovered from levels in the Pakistan Siwaliks 
dated ca. 7-6 Ma. These might represent a late extension east­
ward of Mesopithecus, but, as most colobine teeth are similar, it 
is difficult to make a comparison without cranial or postcra­
nial material. An isolated M3 from a latest Miocene level in the 
Yushe Basin of east-central China (ca. 5.5 Ma) represents the 
earliest colobine in eastern Asia. Several partial dentions, cra­
nial fragments, and a partial elbow joint from Shamar (Mon­
golia) and Udunga (Siberian Russia), dated to ca. 3-2.5 Ma, 
have been named Parapresbytis eohanuman, but they might 
represent an East Asian species of Dolichopithecus. A colobine 
face from Atsugi, Japan (near Yokohama), estimated to date to 
2.5 Ma, has only been announced in the popular press. It ap­
pears similar to the previous species, but also to some African 
forms. Fossils of the modern Pygathrix (Rhinopithecus) are 
known from several Pleistocene sites in China, while Semnop­
ithecus and Presby tis species have been recovered in Java. 

Subfamily Colobinae 
Tribe Colobini 

Sub tribe Colobina 
Colobus 
Procolobus 

P (Procolobus) 
P (Piliocolobus) 

t Libypithecus 
t Cercopithecoides 
t Paracolobus 
t Rhinocolobus 

?t Microcolobus 
Subtribe Presby tina 

Presby tis 
Semnopithecus 
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Reconstruction of fomale skeleton of Meso pi thee us, from Pikermi (Greece), ca. 8.5 Ma. A medium-sized, semi-terrestrial colobine, Mesopithecus is 
known from England through Ajghanistan at times between 10 and 3 Ma. From A. Gaudry, Animaux Fossiles et Geologie de l'Attique, 1862, F 
Savy. Three cm on scale = tcm of actual size. 

S. (Semnopithecus) 
S. (Trachypithecus) 

Pygathrix 
P (Pygathrix) 
P (Rhinopithecus) 

Nasalis 
N (Nasalis) 
N (Simias) 

Subfamily Colobinae, incertae sedis 
t Mesopithecus 
t Dolichopithecus (?including t Parapresbytis) 

textinct 

See also Mrica; Asia, Eastern and Southern; Cercopithecidae; 
Cercopithecinae; Diet; Europe; Hadar; Kromdraai; Laetoli; 
Makapansgat; Miocene; Monkey; Pliocene; Primate Ecol­
ogy; Primate Societies; Siwaliks; Skull; Sociobiology; Sterk­
fontein; Teeth. [E.D.J 
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Complex Societies 
Societies in which social stratification exists and access to real 
power is limited to members of the upper strata. The begin­
ning of history is tied roughly to the emergence of complex 
societies in many parts of the world, a development that 
marks the close of the period of interest for this encyclopedia. 
Prehistory ends when writing begins, and, in many areas, this 
was about the time that city-states appeared on the landscape. 

An examination of complex societies requires, first, a 
broad understanding of what is meant by the term. Just how 
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is complex society to be defined, and how is it to be distin­
guished from noncomplex or simple society? Second, we must 
ask how complex societies came into being: the eternal ques­
tion of origins. 

Definition 
Complex society has often been taken to be synonymous with 
state or stratified society, as those terms are used by such au­
thors as American anthropologists E.R. Service and M. 
Fried. Service defined a state as a sociopolitical organization 
characterized by a centralized government with a ruling class 
that was clearly separated from the remainder of the commu­
nity in that it was not bound by kinship ties to them; it had 
control of strategic goods and services; and it was able to en­
force its will through the imposition of law and the force of 
sanction. Fried defined stratified societies by reference to 
their position on a scale of access to power. Stratified soci­
eties were those in which a class of people was defined in 
nonkinship terms to hold power over the other members of 
society. States, in his view, were political entities in which in­
stitutions had developed to hold and impose power. It is im­
portant to note that these views of complex society empha­
size the relations of people within a society. 

VG. Childe had earlier tried to characterize the state in 
terms of a wide range of criteria. These have come to be seen 
as the traditional hallmarks of the state and civilization. His 
list included features like the aggregation of people into 
cities, the development of nonagricultural specialization of 
labor, the production and concentration of surpluses, the 
emergence of strictly defined class distinctions: and the cre­
ation of nonkin-based rules for membership in society. He 
also included the construction of monumental public works, 
such as temples or irrigation systems; the beginning of long­
distance trade: the creation of an elite art style: and the devel­
opment of writing and mathematics as abstract means of 
keeping records. Each of these characteristics might, indeed, 
be observable in a society that we might identify as complex, 
but they do not get at root variables that could define the ab­
stract process of development of the complexity itself. More­
over, in some cases, several appear well before complex soci­
eties. To understand the process, we must appeal to more 
basic underlying ideas. 

The definition of complex society requires a focus on the 
relations of people to the environment that supports them and 
to other people within that environment. The ability of indi­
viduals to influence the behavior of others rests on political 
and economic relationships, which Fried described in terms of 
authority and power. Authority is the ability to persuade others 
to comply with one's wishes. Power is the ability to require 
compliance under threat of sanction. He understood the 
source of power as control of the basic resources of society. 

Any society can be characterized in these terms. 
Changes in those relations drive the development of complex 
societies. The origin of complexity in society can be reduced 
to the question: "Why do the relationships of people and en­
vironment change in the first place?" 

A definition that focuses on this level of understanding 
is necessarily a socioecological one. The recognition that in-

terhuman relations have some external causes implies a ma­
terialist view of the nature of human relations. Society must 
be seen as the result of a complex system of interactions be­
tween several domains: people and groups of people, the pro­
ductive capacity of the environment, and the physical char­
acteristics of the environment that affect communication. 
This sort of approach was pioneered by]. Steward and has 
since been followed by many American archaeologists, in­
cluding R.M. Adams, C. Redman, and W Sanders. 

The outcome of this sort of view is one of gradation. 
When complex society is used as a term of relation, some soci­
eties are more complex than others because they have more 
marked development of institutions of power and authority 
and more structured control of the productive land. In more 
absolute terms, we can say that, when complex society refers to 
states, stratified society, civilization, or the like, it must be 
defined in terms of the organization of relations between 
people, or political and social institutions, and the central­
ization of control over the subsistence base of the society 
and the actual products generated by farmers and other 
specialists. 

Development of Complex Society 
Understanding how simple societies become more complex 
requires an examination of both the stresses that drive change 
and the processes by which complexity arises. Traditionally, 
archaeologists have tried to explain cultural evolution in 
terms of the response of a society to some single driving force 
for change, some prime mover. Recently, the various prime­
mover explanations have come under heavy criticism for 
their oversimplification of a patently complex process. These 
explanations emphasize an initial stress without questioning 
the source of the initial condition that has been identified. 
When, for example, the rise of complex society is attributed 
to cultural responses to uncontrolled population growth, a 
host of effects of rising population may be identified but lit­
tle attention is given to explaining why a population that has 
for many years been maintained at a relatively stable level has 
suddenly decided to grow. When warfare is seen as a prime 
mover, the question of why people fight is brushed aside in 
favor of a consideration of the consequences of conflict. 

This sort of approach lacks rigor, and few active archae­
ologists still cling to such simple explanations. Instead, most 
theorists focus on a multiplicity of factors, combining several 
of the simpler explanatory frameworks generated over the 
past few decades. One can argue that such multiple-cause 
models are simply more tightly argued restatements and re­
organizations of earlier constructions. 

UNICAUSAL MODELS 

A number of simple, unicausal explanations have been put 
forward. Childe proposed that the development of craft spe­
cialists, especially in metallurgy, changed the social order be­
cause such people had to be fed with food produced by oth­
ers. For the first time, there were healthy, adult members of 
society who did not provide their own sustenance. The orga­
nization of the surplus production of farmers to support 
these specialists and the organization of means of redistribut-



ing their products led to a class of decision makers and hence 
to the state. 

K. Wittfogel has argued that the development of inten­
sive agricultural systems required the development of coop­
erative systems of planning and decision making. The cre­
ation of public utilities in the form of large-scale irrigation 
systems meant that some labor expended by members of so­
ciety would benefit not only themselves but others. To regu­
late this cost and to ensure that the benefit from the utility 
was equitably apportioned, a central decision-making appa­
ratus was required. Progressively greater investment in the 
public utility led to more and more responsibility being 
vested in the central body and ultimately to the development 

of political integration based on the economic advantages of 
intensive agriculture. 

Similar proposals have been made by American archae­
ologist W Rathje and others concerning the advantages of a 
central administrative structure to regulate long-distance 
trade for the acquisition of important scarce commodities. 
Scarce goods that can measurably improve the quality of life 
in a region constitute a sort of universal objective. The trad­
ing expeditions required to gather these goods become a 
public utility, since not everyone can leave the agricultural 
system to trek off to trade for them. The administration of 
investment in the trading mission, support of the traders, 
and redistribution of the products would have the same con­
sequence as the irrigation-regulating commission hypothe­
sized by Wittfogel. Again, the driving force of this formula­
tion is the economic benefit derived from participation. 
Those who are party to the long-distance trade have an en­
hanced capacity to succeed; they have access to the products 
of the trade while nonparticipants do not. 

Another broad set of unicausal proposals has been made 
by theorists who focus on population growth and resultant 
competition as the engines of change. R. Carneiro, for exam­
ple, points out that any environment is limited in size. Areas 
of high productive capacity are necessarily circumscribed by 
areas of lesser potential. This is the case whatever the cultural 
means of extracting energy might be. In other words, the en­
vironment is patchy for any resource. Carneiro suggests that 
growing populations are faced with unreconcilable prob­
lems. The capacity of the land to support them is limited, but 
any nearby land to which they might emigrate is inferior and, 
thus, limited in its own way. Intensified use of the better land 
provides only a short-term solution. Ultimately, conflict in­
creases between groups of people who all want to have access 
to the most productive land, leading to increased military or­
ganization; and military organization is seen as the root of 
political organization. The rise of military leaders represents 
the institutionalization of power within society, so the rise of 
complex society is a direct outgrowth of population growth 
in the context of circumscribed productive resources. 

A model of the rise of complex societies based on com­
petition between internal groups has been proposed by I. Di­
akonoff following Marx and Engels. He suggests that with 
the rise of intensive agriculture comes the ability of individu­
als to produce surplus energy, crops beyond the subsistence 
requirements of the producing families. The emergence of 
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craft specialists is seen in this argument, as in Childe's, as the 
beginning of a class of people who do not directly provide for 
their own subsistence. Diakonoff's view is different from 
that of Chi Ide in that he recognizes a divergence of self-inter­
est between the agricultural producers and the craft produc­
ers. Craft producers are in a unique and novel position, be­
cause their sustenance depends on a system of exchange in 
which comparability of value is not evident. To the extent 
that they can overvalue their products they can concentrate 
wealth. Growing differences in economic status led to class 
consciousness and class conflict. Ultimately, conflict among 
members of a single society led to the formation of the state 
as a means of protecting the self-interest of the new eco­
nomic ruling class. In this view, the growth of a market econ­
omy leads to the concentration of wealth, the emergence of 
classes, and the development of increasingly complex means 
of maintaining economic inequity. 

Yet another approach to the question has been explored 
by R. Blanton for the particular case of Oaxaca (Mexico). 
Blanton's model is based on the same observations as 
Carneiro's. He suggests that, in a compartmentalized, or cir­
cumscribed, environment, some areas will be more produc­
tive than others. The division of the environment will lead to 
the development of separate self-identifying polities. The 
outcome is that less-productive areas, or polities, will com­
pete with other polities in control of the more-productive 
areas. The model here diverges from Carneiro's. Blanton 
claims that the ultimate goal of the system is to reduce the 
costs of conflict rather than simply to dominate the entire so­
ciallandscape. He suggests that one way to reduce these costs 
is for the wealthier groups to enter into an agreement for 
their mutual protection from the more hostile, poorer 
groups, the ones relegated to the least productive parts of the 
environment. 

The unicausal models of the rise of complex societies, al­
though very different from one another, all seem to have 
structural similarities in terms of the stresses that initiate the 
cultural processes. Many of them skirt the question, but each 
appeals to a certain class of variables to explain why the system 
starts to change. Those variables are biological ones that have 
to do with the structure of the environment in which the cul­
tural process takes place, or the capacity of the environment 
to produce accessible energy, or the capacity of human popu­
lations to grow (although they generally do not explain why a 
population gtowS but merely assume that it does). What these 
environmental characteristics have in common is simply that 
they are biological and ecological rather than cultural. 

MULTICAUSAL MODELS 

Most of these models are idiosyncratic-that is, they were 
created to help explain a particular case of the emergence of 
the state. American Archaeologist K.Y. Flannery, in 1972, 
made an important effort to generalize these and other theo­
ries through the application of systems theory. He suggested 
that the transition from simple to complex societies requires 
an explanation that identifies and explains the processes of 
cultural change, the mechanisms by which change occurs, 
and the stresses that motivate the change and select the mech-

191 



192 COMPLEX SOCIETIES 

anisms actually employed. These three aspects are requisite 
parts of an adequate systems explanation of any observed 
change. Flannery was striving for a single general explanation 
of the rise of the state in all cases. He identified two basic 
processes: segregation, the differentiation of subsystems 
within society, and centralization, the expansion of control by 
a central authority. The mechanisms that he identified were 
promotion, by which institutions expand their range of opera­
tion, and linearization, by which high-level authority takes 
direct control of low-level decisions. The systems approach 
has become almost universal among archaeologists studying 
the emergence of cultural complexity. Flannery's proposed 
processes and mechanisms have been far less widely adopted, 

because they seem to be more descriptive than explanatory. 
Segregation, centralization, promotion, and linearization 
each reflects aspects of the institutions of society rather than 
the relations of society that produce institutions. 

All of the unicausal models can be described by two 
complementary cultural processes, in Flannery's terms. Each 
of these theories is based on one of two processes of social in­
teraction, either cooperation or competition, between people. 
These two interactions may take place either within a single 
community or society or between two or more communities. 

The socioenvironmental stresses that drive the cultural 
processes of cooperation and competition and the institu­
tional processes proposed by Flannery are the subjects of the 
various unicausal models enumerated above. Agreement on 
the efficacy of the stresses that motivate change in any partic­
ular case has long been elusive. The precise mechanisms in 
operation in any given case are certainly idiosyncratic and 
vary depending on historical and ecological conditions. 

The kind of multi causal theories proposed by Adams, 
Flannery, Redman, Sanders, and others seems to be creating 
a new cultural ecology with a renewed emphasis on culture. 
If explanation of the stresses that drive change in cultural sys­
tems relies on human interaction with environmental condi­
tions, like ecological variability and biological capacities, 
then cultural ecology is still alive and vigorous, although 
somewhat modified from its traditional form. The weakness 
of cultural ecology has been a perception that it had a one­
sided view that explained change in relation only to environ­
mental variability. It has long been hard to distinguish this 
approach from environmental determinism. The new cul­
tural ecology takes into account the variability introduced by 
cultural tradition. Processes of cooperation and competition 
may be implemented in various ways depending on the 
physical circumstances and historical tradition of a given 
case. A single causal network must not be seen as the only av­
enue to complexity. External stresses can be responded to in 
an unlimited variety of ways; the adoption of mechanisms to 
alleviate stresses is an interactive outcome of culture, history, 
and ecology. Articulating the detailed relations that give rise 
to a particular historical case remains the challenge that it has 
always been. 

Complex Societies around the World 
The operation of these stresses, mechanisms, and processes 
can be viewed archaeologically in many parts of the world. 

The emergence of complexity in society has followed many 
pathways, virtually as many as there are cases. In some areas, 
pristine states have formed without benefit of communica­
tion with preexisting states; in others, the development of 
complexity never yielded the special institutions that charac­
terize the state, giving rise instead to organizations of lesser 
scope; in still others, the state grew only in relation to earlier 
developments in neighboring areas as a secondary process. 

Pristine, or largely pristine, states developed in only six 
regions: Mesopotamia, Egypt, the Indus Valley, China, 
Mesoamerica, and the Andes. The secondary development 
of the state occurred over a far wider range, including sub­
Saharan Africa, India, Central Asia, Southeast Asia, Japan, 
northern South America, and Europe. The institutions of 
these states grew in relation to nearby, preexisting states. 
Communication between emerging elites at relatively similar 
levels of political integration allowed the less organized 
groups to emulate the characteristics of those that had al­
ready developed. This begs the question of just how the first 
states emerged, but articulating the mechanisms of cultural 
change in particular historical contexts is beyond the scope 
of this entry. Suffice it to say that a wide range of mecha­
nisms, including those identified by Flannery, are available 
for selection. 

In Mesoamerica, for example, the general pattern of de­
velopment of complex society must be explained in these cul­
tural and ecological terms. Within this region complexity arose 
in several areas: the Olmec civilization, the first influential 
group of chiefdoms, in the tropical lowlands of the Gulf Coast; 
the early Maya and, ultimately, the Classic and Postclassic 
Maya civilization in the eastern tropical forests of the Yucatan; 
the singularly important state at Teotihuacan and later the 
Aztec empire in the semiarid highland basin of Mexico; and 
the Zapotec state at Monte Alban in the semiarid highland 
valley of Oaxaca. In each case, environmental and cultural 
factors interacted in a specific process of cultural evolution. 
The course of events varied widely and led to different out­
comes. We are not yet in a position to explain why, but it is 
instructive that, in such diverse circumstances, channels ex­
isted that promoted the development of complex society. In 
some areas, the course of change seems to have been almost 
continuously toward ever more complex organizations; in 
others, change led at times to more complex organizations 
and at other times to their dissolution. These changes de­
pended not solely on the environments but equally on the 
cultural and historical contexts of each case. In any study of 
process, it is important to distinguish the underlying stresses 
from the operative mechanisms. 

The Olmec rise to prominence in the lowlands of the 
Gulf Coast likely coincided with the rise of maize agriculture 
as a locally important food crop. Their swift rise to the status 
of a dominant, although diverse, chiefly organization is well 
documented archaeologically. Excavations, particularly at 
San Lorenzo, have revealed a social and political order in 
which access to exotic goods and special positions of power 
were held in the hands of only a few Olmec leaders. Their 
ability to generate surpluses beyond their subsistence needs 
provided the energetic basis for these cultural developments. 
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Pyramid of the Sun, '/lvenue of the Dead, " and neighboring structures in the Classic-phase city ofTeotihuacan, Mexico, This city and its state were at 
their height ca, AD 500. 

The richness of the fertile soils near the streams of the coastal 
plains would have given them an advantage over their high­
land neighbors, who lived in a riskier, less productive envi­
ronment, They used religion ro reinforce their right to rule 
locally, and both religion and economic interaction to ex­
tend their influence through much of the central highlands 
of Mexico, The great impact of the Olmec on the rising elites 
of the highlands has long been noted, but its nature is little 
understood, The cultural mechanisms are the most elusive 
part of the explanation of early Olmec ascendancy, 

In the highlands, the rise of the complex societies cen­
tered on Teotihuacan and Monte Alban are similarly difficult 
to explain. Much ink has been expended in efforts to discover 
the stresses that promoted the centralization of political con­
trol so inarguably observed at these cwo great cities. Most 
agree that, in both cases, the economic foundation of the 
state was the ability of the emerging elites to control the most 
productive land. The surplus was needed to support the 
members of society who produced goods and services other 
than food. Clearly, there are complex interrelationships 
among environmental preconditions, human use of the land­
scape, and interactions of people within the environment, all 
of which affect the outcome of evolutionary processes. The 
operative mechanisms that produced the Pyramid of the Sun 
at Teotihuacan or Mound J at Monte Alban are hard to de­
fine. Just how Monte Alban extended its control over the val­
ley of Oaxaca and surrounding areas and how Teorihuacan 
conrrolled the basin of Mexico and influenced so wide an area 
throughout highland Mesoamerica remain topics of inquiry. 

Mesopotamia poses similar questions, In this region as 
well, most explanations of the rise of complex societies ap­
peal ro changing relations becween human populations and 
their environment. The growth of early centers like <;aral 
Hiiytik probably depended upon specially favored local re­
sources, in the case of <;atal Hiiyiik perhaps the important 
nearby obsidian resource. Small centers like this one were the 
precursors of larger sites like Eridu and the later Ubaid­
period cities of Uruk, Ur, and Umma. For these cities, the 
important environmental feature may have been agricultural 
fields and the irrigation systems constructed to ensure their 
productivity. Intergroup conflict arising in the context of 
limited high-quality farmland or the administrative require­
ments of public utilities that promote production strike fa­
mili ar chords in the realm of culture process. 

The emergence of complex society and its institutions 
has fascinated archaeologists for decades and will undoubt­
edly continue to do so. In the near future, the focus will 
likely be, as Flannery suggested, on the processes, mecha­
nisms, and stresses by which change in cultural-environmen­
tal systems occurs, The recognition of the operative stresses 
as biological or ecological is rapidly emerging, even in the 
face of a resurgence in some quarters of a superorganic con­
cept of culture divorced from the physical world. The 
processes themselves are coming to be seen as specifically cul­
tural, whether one focuses on social processes like coopera­
tion or competition or on institutional processes like promo­
tion, lin earization, segregation, and centralization. As a 
result, the area that promises the most excitement is the 
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analysis of the mechanisms that link ecological stress with 
cultural process. 

See also Americas; Archaeology; Asia, Western; Bronze Age; 
<;:atal Hiiyiik; Culture; Domestication; Iron Age. [B.B.) 
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Coon, Carleton Stevens (1904-1981) 
American generalist anthropologist. Coon conducted exten­
sive ethnographic, archaeological, and anthropometric stud­
ies in North Africa and Southwest Asia. One of Coon's major 
research interests was the origin of modern humans, which 
he pursued in excavations in North African and West Asian 
caves, including Bisitun, Belt, Hotu, Jerf'Ajla, and Mugharet 
el-Aliya. In The Origin o/Races (1962), he proposed an early 
model of multi regional continuity in the archaic-modern 
human transition. 

See also Africa, North; Asia, Western; Candelabra Model; Jerf 
'Ajla; Modern Human Origins. (J.].S.) 

Core 
Block or nodule of stone from which flakes have been re­
moved by deliberate flaking for further use or modification; 

also termed a nucleus. Many cores may simply be waste prod­
ucts of flake or blade manufacture, while others are thought 
to have been used after flaking (as in some choppers, hand­
axes, or picks), and the term core-tool is sometimes used. If 
the flakes removed from the lithic piece are not considered to 
be useful, usually because they are too small, as in the case of 
scrapers or projectile points, the piece is usually referred to as 
a retouched piece rather than a core. 

See also Biface; Prepared-Core; Stone-Tool Making. [N.T., 
K.S.l 

Cosquer Cave 

A partly submerged painted and engraved cave off Cap Mar­
giou (Provence) east of Marseilles (France), whose entrance 
was found by underwater explorer Henri Cosquer in 1985. 
Chambers containing art were discovered in 1991 and were 
studied by French prehistorians]. Courtin and J. C1ottes. 
The cave contains hand stencils with missing phalanges and 
fingers, dated at ca. 27,000 BP (Phase I), and later engrav­
ings and paintings depicting the fauna of the coastal ecology, 
dated at ca. 18,840 BP (Phase II) : These include horses, bi­
son, deer, ibex, seals, Megaceros, the Great Auk, jellyfish, 
and squid, with rare reindeer. C1O((es has noted the depic­
tion of seasonal characteristics among the different species. 

See also Late Paleolithic; Paleolithic Image. [A.M.) 

Further Readings 
Clottes, J., and Courtin, J. (1994) La Grotte Cosquer: Pein­

tures et Gravures de la Caverne Engloutie. Paris: Seuil. 

View of Cosquer Cave, showing calcite "draperies" with painted hands 
and inundated floor. Courtesy of Ministere de la Culture, Direction dt< 
Patrimoine; photo by A. Chene, Centre Camille Jullian (CNRS). 



Creswellian 
Final Upper Paleolithic industry of Britain, ca. 12-8 Ka, 
with similarities to contemporary industries of northwestern 
France and Belgium (e.g., final Magdalenian, Hamburgian). 
Named for type sites, such as Mother Grundy's Parlor, in the 
Creswell Crag area of Derbyshire, the Creswell ian contains 
medium-to large-sized angular backed blades, hooked per­
forators (zinken), and shouldered points, together with uni­
serial and biserial harpoons of bone and antler. Faunas of 
Creswellian sites are dominated by horse remains but also in­
clude remains of reindeer, Megaceros, and other cold-adapted 
mammals as well as birds. 

See also Epipaleolithic; Hamburgian; Late Paleolithic Magle­
mosian; Mesolithic; Paleolithic Lifeways; Stone-Tool Mak­
ing. [A.S.B.] 

Cro-Magnon 
Rockshelter in Les Eyzies (Dordogne), France, that yielded 
several Upper Paleolithic crania, mandibles, and partial 
skeletons, along with artifacts and features, during the con­
struction of a road in 1868. Subsequent excavations pri­
marily in 1868-1869 but continuing sporadically through 
1905 uncovered a number of horizons (A-L) containing 
the remains of cold-adapted mammals (e.g., mammoth and 
reindeer), as well as abundant cultural material. The latter 
included not only flint artifacts but also stone-lined 
hearths, split-based bone points, a bone fragment bearing a 
series of sequential notches, numerous (more than 300) 
perforated Atlantic marine shells, perforated teeth, and 
three perforated ivory plaques or pendants. The human re­
mains, some stained with red ocher, are said to have derived 
from the uppermost cultural horizon (most likely K, but 
possibly D. Since all of the cultural material available in 
museums can be related to the Aurignacian (no diagnostic 
Perigordian or Solutrean pieces were recovered), it is likely 
that the five crania and associated postcrania represent Au­
rignacian burials, probably from a later phase of the Auri­
gnacian in view of their presumed position in the stratigra­
phy. If the chronology of the Abri Pataud, a site with a 
similar stratigraphy ca. 200 m to the southeast, is taken as a 
guide, the probable age of the Cro-Magnon hominids is ca. 
30 Ka. 

Although strongly built and large headed, the speci­
mens contrast markedly with the Neanderthals in their mor­
phology and body proportions. The name Cro-Magnon has 
been generalized to refer to long-limbed, robust, but 
anatomically modern skeletons from other early Upper Pale­
olithic contexts in Europe. The Cro-Magnon site consti­
tuted the first widely accepted association between modern 
human remains and extinct fauna and was, thus, central to 
the establishment of human antiquity. 

See also Abri Pataud; Aurignacian; Breuil, [Abbe] Henri [Ed­
ward Prosper]; Europe; Homo sapiens; Jewelry; Lartet, 
Edouard; Late Paleolithic; Neanderthals; Paleolithic Life­
ways; Perigordian; Ritual; Upper Paleolithic. [C.B.S., 
A.S.B.] 
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Gambier, D. (1989) Fossil hominids from the early Upper 
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C.B. Stringer (eds.): The Human Revolution. Edin­
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(Dordogne), and the probable age of the contained 
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Pataud. Anuario de Estudios Atlanticos 15:323-324. 

Movius, H.L. (1995) Inventaire analytique des sites auri­
gnaciens et perigordiens de Dordogne: Abri de Cro­
Magnon. In H.M. Bricker (ed.): Le Paleolithique 
Superieur de l'Abri Pataud (Dordogne): Les Fouilles de 
H. L. Movius, Jr. (Documents d'Archeologie Fran<,:aise 
50). Paris: Editions de La Maison des Sciences de 
I'Homme, pp. 249-254. 

Stringer, C.B., Hublin, J-J., and Vandermeersch, B. (1984) 
The origin of anatomically modern humans in western 
Europe. In EH. Smith and E Spencer (eds.): The Ori­
gins of Modern Humans. New York: Liss, pp. 51-135. 

Cueva Morin 
Archaeologically important cave located near Santander in 
northeastern Spain, dated to the later Late Pleistocene by 
faunal and archaeological correlations and radiocarbon ages. 
In the 1960s and 1970s, American archaeologist L. Freeman 
distinguished 16 archaeological levels at this site: nine Mous­
terian, one Chatelperronian, and six Aurignacian. One of the 
earliest levels in the latter group yielded a structural complex 
consisting of a rectangular subsurface depression interpreted 
as a hut floor, incorporating a hearth, a possible arrangement 
of small irregular elliptical holes interpreted as postholes, 
and four graves. Two graves had been destroyed in Aurigna­
cian times; the other two contained pseudormorphs, or out­
lines of bodies with no associated skeletons. 

See also Aurignacian; Chacelperronian; Middle Paleolithic; 
Mousterian; Ritual; Upper Paleolithic. [A.5.B.J 

Further Readings 
Freeman, L.G. (1983) More on the Mousterian: Flaked 

bone from Cueva Morin. Curro Anthropol. 
24:366-377. 

Freeman, L.G., and Gonzalez-Echegaray, J. (1970) Auri­
gnacian structural features and burials at Cueva Morin 
(Santandere, Spain). Nature 226:722-726. 

Cultural Anthropology 
Branch of anthropology that studies living human groups as 
cultural entities. It includes ethnography, the effort to describe 
accurately the workings of human societies, and ethnology, 
the effort to explain those observations. The unifYing con­
cept of culture, the shared knowledge and patterns ofbehav­
ior of human societies, is central to the practice of cultural 
anthropology. 

See also Anthropology; Archaeology; Culture; Primate Soci­
eties. [B.B.J 
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Culture 
Term traditionally used in prehistoric archaeology to define a 
specific collection of portable material objects, most often 
stone and bone tools, that exhibit similarity in a number of 
variables and that are found within a delimited region and 
time period (e.g., the Magdalenian, the Perigordian, or the 
Solutrean cultures). This use of the term is widespread in the 
literature that deals with the culture history of regions. 

Shifts in research focus, especially evident in North 
American anthropological archaeology, have brought with 
them an expansion of this concept, and the term has ac­
quired a broader meaning, more like that used in sociocul­
tural anthropology. Numerous definitions of culture exist in 
anthropology. Perhaps the most inclusive is L. White's, 
which sees culture as referring to all human extrasomatic 
means of adaptation, including ideas and beliefs, behavior, 
and material results of that behavior. 

Applying this all-encompassing concept in archaeology 
raises many problems. The archaeological record contains 
direct information about only some materials used in the 
past-those, like lithics, that preserve the best. These re­
mains, which constitute a small fraction of what was origi­
nally used, thus carry direct information about only a limited 
range of past behavior, and this information may be ambigu­
ous. Behavioral complexes without direct material expres­
sion are not preserved in the archaeological record and must 
be inferred indirectly through analogy. 

There is an ongoing debate among archaeologists about 
just what similarities in the recovered artifacts reflect. Some 
argue that they mirror past ethnicity; others see the similarity 
originating from shared norms; still others see it reflecting 
the frequency of interactions. Research by ethnoarchaeolo­
gists has also shown that material culture can signal both in­
dividual identity and group identity, and that the imprinting 
of these identities is not a constant, but, rather, reflects ongo­
ing social relationships. For example, in some situations it 
may be more advantageous to deemphasize one's differences 
by making objects more similar to those of one's neighbors, 
while in others it may be more advantageous to emphasize 
them. 

Finally, culture also refers to a shared system oflearned be­
haviors, passed on through several generations and thus charac­
teristic of particular groups or communities. In this sense, there 
is considerable debate over whether humans are the only living 
primate species with culture, and, if so, when culture first ap­
peared. At one extreme, only anatomically modern humans are 
considered to have possessed culture; at the other, chimpanzees 
and even certain species of cercepithecoid monkeys (macaques, 
baboons) are described as exhibiting culture in the form of 
long-term learned behavioral differences berween populations. 

See also Archaeology; Cultural Anthropology. [O.S., A.S.B.] 

Further Readings 
Trigger, B.G. (1989) A History of Archaeological Thought. 

Cambridge: Cambridge University Press. 
White, L.A. (l959) The Evolutions of Culture. New York: 

McGraw-Hill. 

Cyclostratigraphy 
The analysis of rhythmic features in the stratigraphic 
record according to astronomical cycles and, in particular, 
the Earth-orbital cycles with periodicities between 0.1 and 
1.0 Myr that support an orbital-forcing time scale (OFT). 
Precision in OFT dating does not decrease with increasing 
age because the cyclic effects are stratigraphic features that 
are directly observable in the rocks. The accuracy of OFT 
dates, which depends on the extrapolation of orbital and 
rotational cycles into the past, is also well controlled be­
cause the cycles are independent and can be cross-checked 
against one another, and because changes in the astronom­
ical periodicities over time can be calculated with great 
confidence. Other appellations for this relatively new disci­
pline include "cosmostratigraphy," "orbital stratigraphy," 

and astrochronology. 

Milankovitch Cycles 
The frequency spectrum of astronomical-motion periodici­
ties ranges from pulsar spin, measured in milliseconds, 
through rotational and orbital periods of Earth, moon, and 
sun, to galactic cycles measured in tens of millions of years. 
Using the present sidereal year as the unit of measurement, 
this spectrum has been subdivided for convenience into fre­
quency bands: calendar (l/yrx10-3 to lIyr), solar (l/yr to 
lIyrx103), Milankovitch (l/yrx103 to lIyrx106), and galactic 
(lIyrx106 to 1/yrx 109). The effects of calendar-and solar-fre­
quency astronomical motion, such as tidal, seasonal, annual, 
and sunspot cycles, have long been recognized in growth 
stages of fossilized organisms and in fine-laminated sedi­
ments. At the turn of the rwentieth century, G.K. Gilbert 
was proposing that such astronomical cycles might be useful 
in geochronology, but the known cycles were of too high fre­
quency or, like cyclothems, were too episodic and noisy, to 
be of any practical use in this regard. M. Milankovitch, be­
ginning in 1920, argued a direct relationship berween the 
broad fluctuations of Pleistocene climate and the calculated 
variations of insolation (the flux of solar energy reaching the 
atmosphere at a given latitude) that could result from cyclic 
patterns in three different orbital motions-precession of 
the equinoxes, obliquity wobble, and eccentricity-and pro­
posed that this could be used to determine the age of paleo­
climatic features. 

Milankovitch's calculations have been significantly ex­
tended and refined in massive computerized treatments that 
bring out the internal complexity of the orbital oscillations. 
It should be kept in mind that the numerical values used in 
general discussion are only convenient approximations or av­
erages and that the effect of each cycle is different from the 
others in quality as well as timing. Over the duration of the 
Phanerozoic, the rotation of the Earth has slowed apprecia­
bly, and the moon's orbit has contracted, with effects on the 
computed orbital-forcing functions that must also be incor­
porated. The obliquity wobble, for instance, is now 40 per­
cent faster than in the Silurian. The resultant of the three 
Milankovitch cycles is projected as a family of latitude­
dependent insolation curves, with that of 65°N considered 
as the standard. 
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Axial tilt. When tilt is increased, polar regions receive 
more sunlight, since the summer sun is higher in the sky, 
while intensity of winter light is little changed. When tilt is 
low, regions close to the pole receive practically no 
sunlight the year round. 
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Orbital eccentricity. The shape of the earth's orbit 
changes from nearly circular to more elliptical, in cycles 
that repeat at irregular intervals concentrating around 
100,000 and 400,000 years. 
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Precession of axial tilt and orbit. "Wobble" and "drift" together result in a cycle of 22,000 years in the timing of the 
seasons with regard to the orbit. Today the winter solstice in the northern hemisphere occurs when the Earth is near 
the sun; 11,000 years ago it occurred when the Earth was far from the sun. 
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PRECESSION 

This refers to the shift of seasons with regard to the Earth's 
orbit, due to the combined effect of a 26-Kyr swing in the 
orientation of the Earth's rotational axis with regard to the 
orbit, and an independent, separate progression of the peri­
helion-aphelion nodes (nearest and farthest points in orbit) 
around the orbital path. This has the effect of causing the 
seasons to precess with respect to perihelion in periods of 19 
and 23 Kyr, with an effective quasi period or average of in so­
lation variation at 21.7 Kyr. The effects of precession are op­
posite in the Northern and Southern Hemispheres because 
aphelion (colder) winters and perihelion (warmer) summers 
in one hemisphere will be synchronous with perihelion win­
ters and aphelion summers in the other hemisphere. At pres­
ent, the Earth is approaching the peak of northern perihelion 
summers. 

OBLIQUITY 

Also known as tilt, this refers to the angle between the Earth's 
rotational axis and the plane of the ecliptic. Tilt variations 
have greatest effect at the poles, and higher obliquity means 
warmer summers and colder winters at high latitudes in both 
hemispheres. Currently, the tilt of the axis varies between 22° 
and 24°30', with a major quasi periodicity of 41 Kyr and mi­
nor components at 29 and 54 Kyr. The present angle of tilt is 
23°27', and it is in decrease toward the minimum. In addi­
tion, the amplitude of the variation in tilt changes by almost 
100 percent on a cycle of 1.3 Ma. Intervals of high-ampli­
tude obliquity coincide with clusters of the most severe 
glacial phases, but the obliquity amplitude at present is close 
to a minimum. 

ECCENTRICITY 

This term refers to the degree of ellipticity (deviation from 
roundness) in the Earth's orbit. Eccentricity is caused by in­
teractions with other planets, with major periods at 120, 
100, and 95 Kyr, leading to a quasi period of insolation that 
varies around a mean of 100 Kyr. Eccentricity is declining 
from a recent maximum. The amplitude of eccentricity cy­
cles also varies, with a major quasi period of 41 0 Kyr. Eccen­
tricity significantly modulates the effects of both obliquity 
and precession. 

Considering the entire year and integrating over the en­
tire planet, the precession and tilt variations do not result in 
a change in total insolation, but only in its distribution. 
Only eccentricity cycles have an effect on total received inso­
lation. Thus, eccentricity and precession dominate the signal 
at the equator, while obliquity is the primary influence on ra­
diation received at the poles. 

Stratigraphy and Cycles: Proxy Curves 
The insolation of the past cannot be measured directly, of 
course, and cyclostratigraphy depends on sedimentary fea­
tures whose variations are a proxy, or reflection, of the Mi­
lankovitch periods. None, however, of the various proxy 
curves in common use are completely faithful reproductions 
of the calculated net insolation curves. For one thing, the 
Milankovitch cycles probably affect insolation by only 5 to 

10 percent and must be enhanced by feedback in climatic­
oceanic systems in order to produce a sedimentaty signal that 
is strong enough to be filtered from background variability. 
The amplification of the feedback, in turn, depends greatly 
on the degree of instability in the global climatic-oceanic sys­
tem. The sedimentary imprint of Milankovitch cycles on 
Mesozoic and Lower Cenozoic strata is relatively muted be­
cause the warm oceans of that period buffered insolation­
driven variations. In the later Cenozoic, however, the con­
trast between increasingly refrigerated ocean masses and the 
sun-warmed surfaces meant that global climates were much 
less stable, so that effects of the Milankovitch cycles were 
more influential. To make matters more complex, the cli­
matic-oceanic system tends to respond independently to 
each of the three primary Milankovitch cycles. 

Fortunately, the proxy curves, however distorted in am­
plitude, record insolation periodicities fairly well. The most 
detailed and reliable studies of Milankovitch cycles are based 
on proxy responses in three climate-sensitive systems: (1) sta­
ble isotopes of carbon and oxygen in the open ocean, (2) 
sapropels, and (3) marl-limestone rhythmites in sediments 
of protected basins. 

STABLE· ISOTOPE RATIOS 

Milankovitch's theories were taken lightly until the mid-
1960s, when the micro paleontologist Cesare Emiliani at the 
University of Miami began to present evidence for global 
climate changes that corresponded with the Milankovitch 
predictions. Emiliani and his students had found that the 
ratio of the two most common isotopes of carbon, 12C and 
l3C, (written as Ol3C), in the shells of the surface-floating 
planktonic foraminiferan Globigerina varied according to 
the temperature of the water in which the shells had 
formed. Looking at this ratio in the fossilized tests of this 
foraminifer in sea-floor cores, it was found that the Ol3C 
varied with depth below the ocean floor, indicating histori­
cal changes in water temperatures that synchronized with 
Milankovitch's calculations. The primitive state of core 
sampling and geochronometry at that time prevented Emil­
iani from conclusively identifying Milankovitch cycles be­
low Upper Pleistocene levels. In the following years, data 
from the Deep Sea Drilling Project and concurrent ad­
vances in dating abundantly substantiated and extended 
these pioneer findings. 

In addition to the carbon-isotope ratios, it was found 
that the ratio of the common oxygen isotopes 160 to 180 
(written as ( 180) in the carbonate of the fossil shells also 
varied with geologic age in curves that closely (but not ex­
actly) matched the carbon-isotope curves. There is no dif­
ference, however, between oxygen-isotope ratios in modern 
marine seas from the poles to the tropics, so the observed 
geologic variations in 0180 cannot be a reflection of 
changes in local water temperature. Instead, oxygen iso­
topes in seawater are fractionated by surface evaporation 
that takes up the lighter isotope preferentially, making air­
borne water much lighter isotopically than seawater. Con­
sidering the size of the oceans, a perceptible long-term vari­
ation in the oxygen-isotope ratio of surface waters requires a 



significant change in the amount of fresh water that is held 
separate from the ocean. Calculations indicate that only the 
growth and melting of major continental ice sheets could 
affect the 8180 of seawater with the extent and rapidity ob­
served in the Late Cenozoic. In other words, the oxygen­
isotope record of the ocean reflects worldwide variation in 
continental ice sheets, while the carbon-isotope record re­
flects variation in sea surface temperature (SST) in the sam­
ple area. 

Since the mid-1960s, the undisturbed, microfossil-rich 
sediments in the abyssal basins have been probed by hun­
dreds of deep-drilled cores (and thousands of gravity cores) 
all around the globe, providing a strongly reinforced record 
of ocean history in unprecedented detail and accuracy. Sev­
eral sets of these cores have been analyzed to give a continu­
ous, standardized stable-isotope curve that extends to the 
base of the Pliocene, where the abnormal conditions of the 
Messinian event remain to be bridged, at least in terms of 
this proxy if not in others (see below). Because SST is subject 
to large, unpredictable local biases, the temperature curve 
from carbon-isotope ratios in planktonic foraminifera is 
considered to be a less reliable indicator of global climate 
change than the ice-volume curve described by the oxygen­
isotope ratios. By convention, the major stable-isotope peaks 
are numbered from the present, so that warm (ice-mini­
mum) peaks have odd numbers, and cold (ice-maximum) 
peaks have even numbers. For instance, the base of the Pleis­
tocene, in the Eburonian glacial advance, is identified with 
isotope peak 64. 

SAPROPELS 

Variations in the carbon content of laminated strata in cer­
tain marine and lacustrine sequences have been found to ac­
curately proxy both the relative intensity and the duration of 
Milankovitch-forced climatic cycles. To consider sapropels 
first, these are distinct, fine-laminated layers found in certain 
deep basins, such as the Eastern Mediterranean, that have 
anomalously high amounts of unreduced organic carbon (2 
percent or more by weight) compared to negligible amounts 
in enclosing strata. Individual sapropel beds can be traced 
over wide areas, and in diluted form (as sapropelic laminites) 
into areas of higher sedimentation, clearly as the result of 
events of regional or wider significance. 

Characteristically, sapropels and laminites are rich in di­
atoms and contain undisturbed fish skeletons, indicating 
high surface productivity and anoxic bottom conditions. In 
outcrop, they tend to stand out as distinct soft, dark bands, 
sometimes with a white gypsiferous efflorescence from the 
weathering of pyrite. 

The modern consensus is that sapropels and sapropelic 
laminites tend to form at perihelion summer peaks, termed 
precession minima, in the 21-Kyr precession cycle. Analysis 
of sapropels supports the contention that the transient 
change in the carbon cycle is associated with weaker winter 
storms and higher summer rainfall in temperate regions at 
such times. As a result, circulation is markedly slowed, at 
these latitudes, in semiclosed basins (such as the Balearic 
Basin and the eastern Mediterranean) where seasonal con-

CYCLOSTRATIGRAPHY 

vection overturn is the primary source of oxygenated water 
to the depths. Simultaneously, even as ventilation of deep 
water is reduced or cut off completely, the supply oflimiting 
nutrients such as iron, phosphate, and nitrogen into the sur­
face waters may be increased through higher levels of sum­
mer erosion and runoff Whether or not surface waters be­
come more productive, an excess of unteduced carbon will 
accumulate in response to the stagnation during perihelion 
peaks. 

CARBONATE CYCLES 

Experiments in connection with global warming amply dem­
onstrate the role of atmospheric CO2 as a heat trap. That its 
variation amplifies orbital effects, and those of precession­
driven cycles in particular, is indicated by geological observa­
tions. For example, it has been found that, in Antarctic ice 
cores, layers with elevated carbon-dioxide content appear to 
be synchronous with intervals in the 8180 curve that repre­
sent reduced ice volume. Atmospheric CO

2 
is, however, 

largely controlled by the much greater CO
2 

content of 
oceanic surface water. This is, in turn, influenced by condi­
tions in the atmosphere, in what appears to be a complex in­
terplay of deep water upwelling in response to wind velocity, 
terrestrial biotic activity, sea surface temperature, and the 
areal extent oflimestone deposition in reefs and shallows. In 
this system, the increase and decrease of atmospheric CO

2 

appears to involve self-reinforcing feedback that is set in mo­
tion by insolation changes. 

The higher summer temperatures of precession minima 
mean lowered solubility of calcium carbonate and CO2 in 
surface waters. At these times, the boundary of carbonate­
saturated water deepens, and more carbonate is precipitated 
(or less is dissolved) in shallow- and medium-depth sedi­
ments. In outcrops of strata that were deposited under the 
migrating boundary, the precession rhythm is clearly seen in 
the alternation of soft marls and harder, more limy strata. In 
some basins, where both oxygen and carbon dioxide were at 
sensitive levels, precession cycles are recorded by superim­
posed sapropel and carbonate signals, and the two-layered 
marl-limestone rhythmite is replaced by a four-layered marl­
limestone-sapropel-limestone unit. 

CYCLE GROUPS 

In sections with well-developed cyclic lithology, groupings 
of stronger and weaker (or missing) precession-driven peaks 
are evident and bespeak the influence oflonger-term orbital 
cycles. The 100-Kyr eccentricity cycle, which strongly 
moderates the amplitude of the 21.7-Kyr precession cycle, 
is presently the dominant overprint in the stable-isotope 
record; prior to the Elsterian glaciation peak, broadly cen­
tered at 450 Ka, the 41-Kyr obliquity cycle had more effect, 
suggesting that the Arctic climate was less stable (i.e., 
warmer during obliquity maxima) than today. Over longer 
intervals, the interaction of the 410-Kyr periodicity in ec­
centricity-amplitude and higher-frequency cycles produced 
beats widely recognized as "major cold-climate peaks" at 
2.5, 1.8, 0.9, 0.6-0.45, and 0.1 Ma. The 1.3-Myr. cycle in 
obliquity amplitude appears to have augmented the Elster-
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Standard oxygen isotope stages of the upper Cenozoic. The variation of the oxygen isotope ratio in the world ocean, due to changes in ice volume on 
land, show how orbital cycles have increased their influence as the ocean cooled and climate became increasingly sensitive to slight changes in annual 
insolation. Analysis of fine-layered marine deposits has shown that variation in carbonate and organic content, storm-related dust, and debris dropped 
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ian peak (0.45), and also the Eburonian peak (1.8) at the 
beginning of the Pleistocene. The overprint of the longer 
cycles is extremely useful in controlling the count of preces­
sion cycles. 

CALIBRATION 

The first successful correlation of the geological time scale to 
cyclostratigraphy produced some striking results. Recogni­
tion of the 21-Kyr precession cycles through the Pleistocene 
and into the Middle Pliocene was first achieved by oxygen­
isotope analysis of microfossils in Pacific deep-sea cores ob­
tained during the Ocean Drilling Program in the late 1980s. 
Direct counting of the cycles demonstrated that the exisiting 
radiometric calibration of the geomagnetic polarity reversals, 
as seen in the same cores, was from 2 to 7 percent too old. 
A series of high-resolution laser-fusion 4oAr/39Ar dates on 
key sections, including several containing the Brunhes­
Matuyama boundary as well as the type section of the Oldu­
vai Subchron, has since confirmed the orbitally corrected 
time scale. The extension of the OFT into the Miocene is 
proceeding, based on lithological cyclostratigraphy in the 
western Mediterranean region. 

The larger and more persistent lake basins-those in 
rift basins, above all-may well contain sequences with use-

ful cyclostratigraphic data, in terms of stable-isotope varia­
tions or sedimentary patterns. In the African Rift basins, 
however, the detection of precession cycles may be compli­
cated by the fact that, in the tropics, the opposite signals of 
precession in Northern and Southern hemispheres could be 
confused. 

See also Climate Change and Evolution; Paleomagnetism; 
Pleistocene; Time Scale. U.A.V.C] 

Further Readings 
Hays, J.D, Imbrie, J., and Shackleton, N.J. (1976) Varia­

tions in the Earth's Orbit: Pacemaker of the Ice Ages. 
Science, v. 194, pp. 1121-1132. 

Hilgen, EJ., Krijgsman, W, Langereis, CG., Lourens, L.J., 
Santarelli, A., and Zachariasse, WJ. (1995) Extending 
the astronomical (polarity) time scale into the Miscene, 
Earth, and Planetary Sciences Newsletters, v. 136, pp. 
495-510. 

Wadleigh, M.A. (1995) Applications of oxygen isotopes to 
Quaternary chronology. In N.W Rutter and N.R. 
Catto (eds.): Dating Methods for Quaternary De­
posits. St. Johns, Newfoundland: Geological Society 
Canada, pp. 51-60. 
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Dabban 
Early Late Paleolithic backed-blade and burin industry of 
Cyrenaica (Libya), defined at Haua Fteah and Hagfet ed­
Dabba (Cave of the Hyena) by C.B.M. McBurney. The first 
appearance of the industry at ca. 40-32 Ka, sometimes com­
pared with the Emiran at Abu Halka, is marked by cham­
fered blades, endscrapers, and a large component of backed 
blades. This is followed at Haua Fteah by a reappearance of 
Levalloiso-Mousterian and then by a second Dabban phase 
with more burins and endscrapers but no chamfered blades. 
The Dabban lasted until ca. 14 Ka, when it was replaced by 
an eastern Oranian industry with backed bladelets and mi­
croblade cores. 

See also Blade; Burin; Emiran; Haua Fteah; Ibero-Mauru­
sian; Late Paleolithic; Levallois; Mousterian; Stone-Tool 
Making. [A.S.B.] 

Further Readings 
McBurney, C.B.M. (1967) The Haua Fteah (Cyrenaica) 

and the Stone Age of the South-east Mediterranean. 
Cambridge: Cambridge University Press. 

Dali 
Archaeological and paleontological site in fluvial deposits 
overlain by loess (wind-blown silt) at T'ien-shui-kou in Dali 
County of Shaanxi Province (China) excavated since 1978. 
Level 3 of the site preserves a hominid skull associated with a 
lithic industry consisting of small irregular cores, numerous 
scrapers (69 percent of the assemblage), and other simple re­
touched tools. Uranium-series dating places Level 3 between 
230 and 180 Ka, although the faunal assemblage may indi­
cate a somewhat younger, early Late Pleistocene antiquity. 
The hominid cranium is well preserved with an endocranial 
capacity of less than 1,200 ml and a large supraorbital torus 
but a gracile and flat face. It is usually classified as a Chinese 
"archaic Homo sapiens," and several workers, particularly in 
China, regard it as morphologically intermediate between 
earlier Homo erectus and modern Chinese populations. 

Lateral view o/the Dali cranium. Scale is 1 em. 

See also Archaic Homo sapiens; China. [C.B.s., J.J.S.] 

Dar-es-Soltane 
Cave site in dunal sandstone near Rabat (Morocco) contain­
ing an archaeological succession from Middle Paleolithic to 
the Neolithic and hominid fossils associated with an Aterian 
industry. The dating of the Aterian level is uncertain, but it is 
probably more than 45 Ka. Most of the fossils have not been 
described, but they include the robustly built front of a skull 
and associated mandible. Although anatomically modern, 
this specimen is reminiscent of the earlier Jebel Irhoud crania 
from Morocco and may indicate local continuity in this area 
between nonmodern and modern populations. 

See also Archaic Moderns. [C.B.S., J .].S.] 

Dart, Raymond Arthur (1893-1988) 
South African (b. Australia) anatomist and paleontologist. 
Following completion of his medical training at the Univer­
sity of Sydney in 1917, Dart spent several years working with 
G.E. Smith (1871-1937) in England and R.J. Terry (1871-
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1966) in the United States before receiving the chair of anat­
omyat the University of Witwatersrand in 1922, a position he 
held until his retirement in 1958, In 1925, he was catapulted 
to international fame by his description and interpretation of 
the fossil hominid infant skull from Taung, which he named 
Australopithecus afticanus, Dart claimed that this apelike crea­
ture stood on the threshold of humanity and as such war­
ranted a new family name: Homo-Simiadae, While these pro­
nouncements instantly embroiled him in controversy, his 
insights were later confirmed and represented a major mile­
stone in the history of paleoanthropology. Following World 
War II, Dart was responsible for the systematic excavation of 
the Makapansgat site, which yielded several dozen new aus­
tralopithecine fossils along with an enormous accumulation 
of bone fragments from other animals, Dart concluded that 
the australopithecines inhabiting this site had been responsi­
ble for the bone accumulations and that they had fashioned 
and used some of these bones as primitive tools. To describe 
this tool making he coined the term osteodontokeratic culture. 
While the reaction to this hypothesis was largely negative, it 
had the positive effect of promoting the search for alternative 
explanations, a direct product of which was the incorporation 
of taphonomic research techniques in Paleolithic archaeologi­
cal research. In addition to his paleoanthropological studies, 
Dart also played an active role in developing studies on living 
subequatorial human populations and contributed to the de­
velopment of nonhuman primate behavioral studies through 
his establishment in 1958 of the Witwatersrand University 
Uganda Gorilla Research Unit. 

See also Australopithecus; Australopithecus african us; Maka­
pansgat; Taung. [ES.) 

Darwin, Charles Robert (1809-1882) 
British naturalist. Following a false start at Edinbutgh as a 
medical student (1825-1827), Darwin went to Christ's Col­
lege, Cambridge, where he earned a B.A. degree in 183l. At 
Cambridge, Darwin's interest in natural history was fostered 
by the geologist A. Sedgwick (1785-1873) and the botanist 
J.S. Henslow (1796-1861). It was Henslow who subse­
quently recommended him for the position of companion to 
the captain of the HMS Beagle, a vessel that had been com­
missioned to explore and survey the South American coast­
line and the islands of the South Pacific. During the Beagle's 
voyage, from December 1831 to October 1836, Darwin 
gathered an immense body of scientific data on the flora, 
fauna, and geology of the continents and islands he visited. 
All of Darwin's later work stemmed directly from the obser­
vations and collections made during this voyage. The imme­
diate result was the publication in 1839 of a general account 
of the voyage, the Journal of Researches into the Geology and 
Natural History of the Various Countries Visited by H.M. S. 
Beagle, 1832-36 Three other books followed, in 1842, 
1844, and 1846, respectively: Structure and Distribution of 
Coral Reefi, Geological Observations on Volcanic Islands, and 
Geological Observations on South America. 

At this juncture, Darwin's concerns shifted progres­
sively from geology to biology. From 1846 to 1854, he de-

voted his attention primarily (0 the study ofliving and fossil 
barnacles, which did much to clarifY his ideas on classifica­
tion, variation, and the origination of species. It was not un­
til 1858, when he received a manuscript from the young nat­
uralist A.R. Wallace (1823-1913) outlining similar ideas on 
natural selection and evolution, that Darwin was prompted 
to complete what he called an "abstract" of the full work he 
had been laboring on for years. This abstract was On the Ori­
gin of Species, which appeared on November 24, 1859. In this 
work, he painstakingly documented the evidence supporting 
the view that the Earth's diverse organic life had a common 
ancestry and presented a theory for the operation of the evo­
lutionary process. The book was an immediate sensation and 
brought Darwin instant and enduring fame. 

During the remaining years of his life, Darwin pub­
lished three more books that amplified and extended the 
principles presented in On the Origin of Species. These were 
The Variation of Animals and Plants under Domestication 
(1868), The Descent of Man and Selection in Relation to Sex 
(1871), and The Expression of the Emotions in Man and Ani­
mals (1872). Although such honors as knighthood and the 
coveted Fellowship of the Royal Society eluded him in life, in 
death he received universal praise for having discovered the 
greatest general principle in biology. He died April 19, 1882, 
and was buried in Westminster Abbey. 

See also Evolution; Haeckel, Ernst Heinrich; Huxley, 
Thomas Henty; Wallace, Alfred Russel. [ES.) 

Further Readings 
Gillespie, N.C. (1979) Charles Darwin and the Problem of 

Creation. Chicago: University of Chicago Press. 
Gruber, H. (1981) Darwin on Man: A Psychological Study 

of Scientific Creativity, 2nd ed. Chicago: University of 
Chicago Press. 

Peckham, M. (1959) The Origin of Species by Charles Dar­
win: A Variorum Text. Philadelphia: University of 
Pennsylvania Press. 

Daubentoniidae 
Family of Lemuriformes that contains the aye-aye, Daubento­
nia madagascariensis. The only living member of its family, 
the aye-aye is a highly specialized form whose affinities appear 
to lie within Indrioidea but whose aspect is different from 
that of any other lemur. Sites in Madagascar's south and 
southwest have yielded subfossil bones that are significantly 
larger and more robust than those of the living aye-aye and 
have been assigned to a recently extinct species, D. robusta. 
This species was very robust and may have weighed three to 
five times as much as the living aye-aye, whose average weight 
is ca. 2.7 kg. No skull of the extinct form is known, but it al­
most possessed all of the diagnostic features of its genus. 

Morphologically, the aye-aye is unusual in a variety of 
ways. Perhaps the most marked peculiarity of this lemur lies 
in its anterior dentition, which has been reduced in the adult 
to a single pair of incisor teeth in each of the upper and lower 
jaws. These teeth are enlarged, laterally compressed, and 
continuously growing, their open roots extending far back in 



Daubentonia madagascariensis. From R. Owen. 1866, Trans. zool. 
Soc. London. vol. 5. 

the jaws above or below the roots of the molar teeth, which 
are greatly reduced in size and simplified in morphology. A 
single tiny permanent premolar is present in the upper jaw. 
The anterior teeth are thus reminiscent of those of rodents 
and are adapted to a similar gnawing function. This function 
has affected the entire structure of the skull, which is flexed 
to help absorb gnawing stresses, giving it a globular appear­
ance in side view. 

The most striking character of the postcranial skeleton 
of the aye-aye may be the great elongation of the digits of the 
hand, particularly the middle one, which is thin and attentu­
ated. When walking on a flat substrate, the aye-aye is obliged 
to hyperflex its wrist to clear the ground with these digits. 
This gives its terrestrial locomotion a stiff-armed appear­
ance, even though the aye-aye is an animal of great agility in 
the trees. The digits of the aye-aye are tipped with highly 
compressed nails, or pseudo-claws, except in the case of the 
hallux, which is equipped with a flat nail. In the external 
characters of its soft anatomy, the aye-aye is likewise unusual, 
especially in the large size of its external ears and in the qual­
ity of its fur, which has a layer oflong and coarse guard hairs 
that overlie the softer fur beneath. Uniquely for a primate, 
female aye-ayes have a single pair of mammae situated far 
back on the abdomen. 

It is probable that the aye-aye was once distributed 
widely throughout the forests of Madagascar. Nowadays it is 
relatively rarely reported and probably does not occur in 
high density anywhere. Nonetheless, it retains a fairly ubiq­
uitous distribution, possibly vicarious with its larger extinct 
congener. It is known throughout the eastern forest, in the 
Sambirano, in the northwest, and in the Ankarana Massif 
near Madadagascar's northern tip. Still, the aye-aye is among 
the most critically endangered of all the lemurs, and its 
chances for survival are not helped by local beliefs that it is a 
harbinger of misfortune. 

An arboreal quadruped, the aye-aye is nocturnal, and 
little is known about its behavior and ecology in the wild. 
Adults appear to range alone, with adult females accompa­
nied by their immature offspring; olfactory marking is an 
important part of the behavioral repertoire and presumably 
helps maintain social relations between individuals with 
overlapping ranges. Aye-ayes build elaborate nests in which 

DAWAITOLI 

they sleep during the daytime; where they have been studied 
during their nightly ranging, they specialize in rather few 
food items. Insect larvae, ramy nuts, nectar (or larvae) from 
the traveler's tree Ravenala madagascariensis, fungi of various 
kinds, and a recurrent growth on species of Intsia compose 
the bulk of their diet on the island of Nosy Mangabe in the 
east. One of the aye-aye's most famous feeding behaviors in­
volves gnawing through the tough fibrous husk of coconuts 
to feed on the flesh within; but the coconut palm is almost 
certainly a recent introduction to Madagascar. One type of 
feeding behavior uses a combination of many of the aye-aye's 
specialized traits. An individual will listen, with its large sen­
sitive ears, for the sounds of insect larvae burrowing inside 
dead branches. The front teeth are then used to gnaw a hole 
in the dead wood, exposing the larval tunnels. The thin mid­
dle finger, equipped with a claw, is used to spear larvae inside 
the tunnels and withdraw them. 

Because certain very early primates possessed much­
enlarged front teeth, albeit ones that did not continuously 
grow, it has been suggested that a particular evolutionary re­
lationship might exist between these forms and the aye-aye. 
Clearly, however, there is no basis for this conclusion, and 
the aye-aye has no known fossil record. The precise affinities 
of Daubentonia are hard to determine, because its anatomy is 
so highly modified in so many respects, but there is no ques­
tion that it belongs in Lemuriformes, and various characters 
of the skull and dentition point, if weakly, toward a relation­
ship with the indriids and their subfossil relatives. 

See also Indrioidea; Lemuriformes; Skull; Teeth. [LT.] 

Further Readings 
Mittermeier, R.A., Tattersall, 1., Konstant, W:R., Meyers, 

D.M., and Mast, R.B. (1994) Lemurs of Madagascar 
(Tropical Field Guide No. 1). Washington, D.C.: Con­
servation International. 

Simons, E.L. (1994) The giant aye-aye Daubentonia 
robusta. Folia Primatol. 62: 14-21. 

Sterling, E. (1993) Patterns of range use and social organiza­
tion in aye-ayes. In P.M. Kappeler and]. Ganzhorn 
(eds.): Lemur Social Systems and Their Ecological Ba­
sis, pp. 1-10. New York: Plenum. 

Tattersall,L (1982) The Primates of Madagascar. New York: 
Columbia University Press. 

Tattersall, 1. (1993) Madagascar's lemurs. Sci. Am. 268 
(1):110-117. 

Dawaitoli 
Drainage area in the eastern Middle Awash region in the 
Afar Rift (Ethiopia) that has yielded vertebrate fauna as well 
as sites with Early Stone Age artifacts, in alluvial deposits 
dated to the Middle Pleistocene. The earliest examples are 
simple Oldowan-type cores and flakes, dated to ca. 0.6-0.5 
Ma and contemporary with sites yielding well-developed 
Acheulean implements elsewhere in Ethiopia and other parts 
of Africa. In the overlying sediments, which show a shift 
from alluvial floodplain to shifting fan deposits, Acheulean 
sites are prevalent. 
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See also Acheulean; Africa, East; Early Stone Age; Middle 
Awash. [N.T., K.S.] 

De Sonneville-Bordes, Denise (1919-
French prehistorian responsible, with J. Perrot, for the most 
widely used typology of the European Upper Paleolithic, as 
well as for the application (with her late husband, E Bordes) 
of descriptive statistics to Upper Paleolithic industries. In ad­
dition, she has directed significant excavations at such Upper 
Paleolithic sites as Abri Caminade, has suggested important 
revisions to the Upper Paleolithic sequence of France, and 
has continued to stress stylistic and cultural (ethnic) distinc­
tions among Upper Paleolithic industries. 

See also Bordes, Franyois; Upper Paleolithic. [A.5.B.] 

Decoredon 
Middle Paleocene small mammal of possible euprimate af­
finity from southern China. Until the mid-1980s, the rwo 
known specimens of the only known species, which in fact 
belong to the same individual animal, had been referred to 
rwo separate species of rwo genera, placed in rwo different 
orders. The poorly preserved teeth of the upper and lower 
dentition of this single species, however, show some striking 
special similarities to the earliest euprimates. The potential 
significance of Decoredon for primate evolutionary studies 
lies in its great antiquity in a region of the world that is just 
beginning to be explored paleontologically. Decoredon, along 
with the undoubted Mongolian omomyid Altanius, suggests 
that the immense southern forests of the Asian Paleocene 
may have been an important theater for the evolution of the 
euprimates before they appear in Euroamerica in the Early 
Eocene. 

See also Asia, Eastern and Southern; Euprimates; Omomyi­
dae; Primates. [ES.S.] 

Dendrochronology 
Like so many of archaeology's dating techniques, tree-ring 
dating (dendrochronology) was developed by a nonarchaeol­
ogist, A.E. Douglass, an astronomer studying the effects of 
sunspots on the Earth's climate. Douglass knew that many 
tree species, especially conifers, grew through the addition of 
well-defined concentric growth rings. Because each ring rep­
resents a single year, it is, in theory, a simple matter to deter­
mine the age of a newly felled tree: Just count the rings. 

Douglass took this relatively common knowledge one 
step further, reasoning that because tree rings vary in size 
they may preserve information about the environment in 
which they grew. These patterns of tree growth (i.e., ring 
width) for a particular area should fit into a long-term chro­
nological sequence. Douglass began his tree-ring chronology 
with living specimens from Flagstaff and Prescott, Arizona. 
He would examine a stump (or a core from a living tree), 
count the rings, then overlap this sequence with a somewhat 
older set of rings from another tree. But the dead trees and 
surface snags went back only 500 years or so. To go further 
back, Douglass had to turn to beams and supports in the an-

cient archaeological sites of the American Southwest. Once 
the "gap" berween modern and archaeological sequences was 
closed, the Southwestern dendrochronological sequence 
could be extended back for millennia. Many other areas (e.g. 
northwest Europe, the Aegean) have since constructed their 
own sequences. 

Tree-ring dating can be applied to many, but not all, 
species of trees, but matching unknown specimens to the re­
gional master key remains a slow, laborious process requiring 
an expert with years of experience. Gradually, more auto­
mated means such as correlation graphs have been devised, 
and computer programs have been attempted (based on the 
statistical theory of errors). But the skilled dendrochro­
nolo gist can still date samples much faster than any com­
puter today. 

Dendrochronology also has potential for providing cli­
matic data. Assuming that tree-ring width is controlled by 
environmental factors such as temperature and soil moisture, 
one should be able to reconstruct past environmental condi­
tions by examining the band widths. But tree metabolism is 
complex, and ecological reconstruction has not provided as 
many answers as might be desired. 

See also Geochronometry. [D.H.T.] 

"Dendropithecus-Group" 
Informal grouping of small Early-to-Middle Miocene East 
African and East Asian catarrhines apparently intermediate 
phyletically between Pliopithecidae and the modern ca­
tarrhine superfamilies. Nearly a dozen species of eight genera 
have been named to receive a wide variety of specimens rang­
ing in age berween 22 and 14 Ma, mainly from Kenya and 
Pakistan. They have also been discussed as "small-bodied 
apes" or nonhominoid/noncercopithecid catarrhines, and 
some authors have included them in the Pliopithecidae or 
Proconsulidae, depending upon the definition of those fam­
ilies. Pending the formal naming of a family to receive at least 
some of these taxa, they are here discussed together with ref­
erence to the best-known species, Dendropithecus macinnesi. 

None of these forms unequivocally presents any fea­
tures linking them to Hominoidea (or to Cercopithecoidea, 
for that matter), although many of them have in the past 
been termed hominoids. They are, however, more derived 
than Pliopithecus in such character states as the probable 
presence of a tubular external auditory meatus, slightly 
longer and narrower upper molars with less cingulum (but 
not subsquare as in hominoids), and lack of an entepicondy­
lar foramen on the distal humerus. Most of these species are 
known mainly by teeth and jaws, with postcrania moderately 
well represented only in Dendropithecus and Turkanapithecus 
(the latter more derived, almost Proconsul-like) and only 
Turkanapithecus preserving much of the face. Variation 
among the genera involves proportions and shape of the in­
cisors and molars, with implications for different dietary 
adaptations. It is reasonable to infer that the ancestors of 
both Hominoidea and Cercopithecoidea once resembled 
these forms, in the same sense that even earlier they resem­
bled pliopithecids or propliopithecids. But as the earliest 



hominoid (Kamoyapithecus) predates them, and they are 
contemporaneous with both the hominoid proconsulids and 
the earliest cercopithecoids, it is unlikely that any known 
members of this group are closely related to the modern su­
perfamilies. T. Harrison has argued, in fact, that Proconsul 
and allies are not significantly more derived than these taxa, 
and he has placed all of them in a greatly expanded Procon­
sulidae, but that view is not accepted here. It may be that, 
with greater knowledge of their morphology, some species 
could be transferred to the Proconsulidae or another family, 
and some may be shown to share derived featutes making at 
least part of this group truly monophyletic. 

Catarrhini, incertae sedis 
t Dendropithecus 
t Micropithecus 
t Simiolus 
t Kalepithecus 

?t Turkanapithecus 
?t Nyanzapithecus 

??t Limnopithecus 
textinct 

See also Ape; Catarrhini; Cercopithecoidea; Hominoidea; 
Pliopithecidae; Proconsulidae; Propliopithecidae. [E.D.] 

Further Readings 
Andrews, P., and Simons, E. (1977) A new African Miocene 

gibbonlike genus, Dendropithecus (Hominoidea, Pri­
mates) with distinctive postcranial adaptations: Its sig­
nificance to origin of Hylobatidae. Folia Primato!' 
28:161-170. 

Harrison, T. (1987) The phylogenetic relationships of the 
early catarrhine primates: A review of the current evi­
dence. ]. Hum. Evo!. 16:41-80. 

Harrison, T. (1988) A taxonomic revision of the small ca­
tarrhine primates from the Early Miocene of East 
Africa. Folia Primato!' 50:59-108. 

Harrison, T. (1992) A reassessment of the taxonomic and 
phylogenetic affinities of the fossil catarrhines from 
Fort Ternan, Kenya. Primates 33:501·-522. 

Leakey, R.E.F., and Leakey, M.G. (1987) A new Miocene 
small-bodied ape from Kenya.]. Hum. Evo!. 
16:369-387. 

Leakey, R.E., Leakey, M.G., and Walker, A.C. (1988) Mor­
phology of Turkanapithecus kalakolensis from Kenya. 
Am.]. Phys. Anthropol. 76:277-288. 

Rose, M.D., Leakey, M.G., Leakey, R.E.F., and Walker, 
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Denisova Cave 
A multilayered cave along the banks of the Anui River in the 
northwestern part of the Mountainous (Gornyi) Altai in 
southern Siberia (Russia). The cave's interior gallery contains 
14 Middle and Late Paleolithic layers; eight Holocene layers 
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have been identified outside the cave's entrance. The Middle 
Paleolithic layers contain lithic inventories dominated by 
sidescrapers, denticulates, notches, and Levallois points, 
while the Late Paleolithic ones show the advent of blade 
technology and the production of typical Late Paleolithic 
tools, including microliths and bone tools. The Middle Pale­
olithic layers have yielded some teeth originally identified as 
Neanderthal, but it is unlikely that this group extended so far 
east; they are perhaps better identified as representing inde­
terminate premodern H. sapiens. Faunal remains are repre­
sented by such carnivores as hyenas, wolves, bears, and foxes. 
Herbivore remains include mammoths, woolly rhinoceroses, 
saiga antelopes, horses, ibex, hares, and pikas. Chronometric 
dates suggest that the earliest Late Paleolithic inventories 
here date to greater than 40 Ka. 

See also Afontova Gora; Late Paleolithic; Middle Paleolithic; 
Mousterian; Neanderthals; Upper Paleolithic. [0.5.] 

Dermoptera 
A relict order of living (hand modulated) gliding mammals 
that were far more widely distributed in the past than their 
Southeast Asian range of today. There are two extant species 
of colugos, the primarily Malaysian Galeopterus variegatus 
and the Philippine Galeopithecus volans. These animals are 
small (weighing 1-1.75 kg) but impressive looking when in 
flight, mainly folivorous, and nocturnal to crepuscular. They 
have a stomach adapted for folivory and a cecum divided 
into compartments. Their cheek dentition is highly diagnos­
tic, but the most striking dental specialization is in the in­
cisors, which are as completely comblike as any known 
mammalian tooth. Their gliding membrane (patagium) ex­
tends from the tip of the tail all the way behind their ears. 
Other mammalian gliders (members of the rodent families 
Sciuridae and Anomaluridae and of the diprotodontian mar­
supial family Petauridae, with three independently attained 
genera of gliders) extend the patagium to various points of 
the forearm and wrist. The colugos, like the bats, have an in­
tercheiridial (between-the-digits) patagium on their hands. 
Unlike in bats, however, the membrane is also present be­
tween the rays of the foot. The colugos' ability to "finger­
glide," using their hands as spoilers and thus giving them 
considerable control during the flight, makes them more ad­
vanced in their aerial activities than other living gliding­
adapted mammals. Their patagium has a ca. 15: 1 gliding ra­
tio, and they are known to cover 50-60 m during a glide. 
Their slow climbing on vertical substrates and their habitual 
underbranch climbing, probably without any significant 
ability for above-branch or terrestrial locomotion, are the 
apparent consequences of their extreme limb elongation 
linked to the relative size of their patagium. These living 
mammals may represent the group from which the bats 
(Chiroptera) evolved by building on their finger-modulated 
gliding abilities. 

The Paleogene, largely North American, family Plagio­
menidae has previously been widely acknowledged to repre­
sent this order because of its unique molar and incisor simi­
larity to colugos. Studies on the ear region of the Early 
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Eocene Plagiomene (a form identical in cranial size and gen­
eral conformation to colugos) have cast doubt on this associ­
ation, although the comparative dental evidence remains a 
significant indicator of shared special similarities between 
these gtoups. Postcranial remains of plagiomenids would be 
needed to conclusively test the hypothesis that these archaic 
forms were dermopterans. Another family primarily from 
the Paleocene of North America, the Mixodectidae, shows 
special molar similarities to the Plagiomenidae and shares 
some significant unique traits in the tarsus with the colugos. 
In the early 1990s, C. Beard suggested that a third northern 
Paleogene group, the Paromoyoidea, is related to the der­
mopterans on the basis of similarly elongate manual pha­

langes. Closer scrutiny of the interpretation of the evidence 
for that hypothesis (the Primatomorpha hypothesis) fails to 
corroborate the special similarity of Plesiadapiformes to the 
Dermoptera in exclusion of other archontan groups. 

See also Archonta; Paromomyoidea; Plesiadapiformes; Pri­
mates. [ES.S.] 

Devon Downs 
Extensive shelter overlooking Murray River, South Australia. 
Devon Downs was the first modern archaeological excava­
tion in Australia, by H.M. Hale and N.B. Tindale in 1929. 
This rockshelter, occupied at least 6 Ka, was the first to dem­
onstrate change in resources used and in stone technology. It 
is important also as the first discovery in Australia of human 
remains in a scientific context. 

See also Australia. [A.T.] 

Die Kelders 
South African cave site on the southwestern coast of the 
Cape Province (34°32'S, 19°22'E). Two contiguous caves 
(DK1 and DK2) were formed near present sea level at the 
base of a 12-m cliff oflimestone, at the contact with under­
lying quartzitic sandstone. The larger cave (DK1) was exca­
vated between 1969 and 1973 by ER. Schweitzer, who con­
centrated on a rich Later Stone Age (LSA) shell midden. The 
LSA layers accumulated between 2 and 1.5 Ka, according 
to 14C analyses on charcoal, during the time that pottery 
and domestic animals (e.g., sheep) were first being intro­
duced in southern Africa, and the DK1 LSA levels contain 
potsherds and bones of domestic stock. These are associated 
with rypical LSA stone and bone artifacts, the shells of ma­
rine invertebrates, and the bones of indigenous animals, es­
pecially birds, fish, tortoises, small bucks (Raphicerus), and 
dune molerats. 

Excavations since 1990 at DK1 by EE. Grine and col­
leagues concentrated on the underlying, thick Middle Stone 
Age (MSA) layers, separated from the overlying LSA deposits 
by archaeologically sterile sands. The MSA levels appear to 
document repeated cycles of human occupation, but the de­
posit is deeply leached and decalcified, and the abundant 
lithic artifacts are not accompanied by recognizable bone or 
shell artifacts. Paleontological material is also poorly repre­
sented. [EE.G.] 

Diet 
Primate species exploit almost all of the possible food sources 
they find in their environments. Arboreal species eat fruits, 
flowers, leaves, bark, pith, seeds, tree gum, and nuts. Animal 
foods include eggs and small vertebrates and invertebrates. 
Ground-living primates eat many of the same things, as well 
as grasses, roots, and tubers. But primates do not simply eat 
anything that comes into their path that is tasty. Each species 
concentrates on a few kinds of foods, in relation to its energy 
needs, requirements for specific nutrients, constraints of the 
digestive system, degree of food clumping or dispersal, inter­
specific competition, and predation. 

Categorizing Primate Foods 
Primate adaptations for diet occur at twO levels. First, food 
must be foraged for and/or captured and subdued. Behav­
ioral adaptations for foraging are especially obvious among 
predators. Particularly important for nonhuman primates 
are specializations of the special senses and locomotor system 
for finding and capturing insects. Second, once the food is 
"in hand," it must be broken up in the mouth into suitable 
form for swallowing and then assimilated by the digestive 
tract. To understand dietary adaptations of the masticatory 
and digestive systems, knowledge about the physical and 
chemical structure of food is important. Keeping in mind 
food-acquiring, ingestive, and digestive aspects of dietary 
adaptation, primate dietary specializations are discussed here 
in three broad categories: animal foods (insects and other in­
vertebrates, as well as vertebrates); plant materials high in 
structural carbohydrates, such as cellulose, hemicellulose, 
and lignin (usually leaves, bark, and pith); and plant materi­
als high in nonstructural carbohydrates, such as simple sug­
ars or starches (some roots, fruits, nuts, gum, and nectar). As 
a convenient shorthand, these categories are referred to by 
the most abundant food rype within them: insects, leaves, 
and fruit, respectively. 

A number of other aspects of potential foods are crucial 
for primate food choice. Primary considerations are physical 
location and availabiliry. Some foods are preferred over oth­
ers simply because they more easily reached. Many foods are 
available only at certain times of the year, so their potential 
consumers must find other foods, sometimes called keystone 
resources, when the preferred ones are scarce. Also, some 
foods are clumped in space, whereas others are more uni­
formly dispersed, so consumers must make decisions about 
the energetic costs of obtaining the food vs. the energetic or 
nutritive return for the effort. 

To fulfill its nutritional needs, a primate must also select 
a diet containing adequate amounts of protein, carbohy­
drate, fat, and trace nutrients in a form that can be digested. 
For example, although fruit is a particularly good source of 
carbohydrate, it is often protein poor. Further, the consumer 
must be able to overcome various chemical defenses against 
being eaten. For example, many plants produce toxins in 
some of their parts and at various times during growth to 
avoid or reduce predator activity; likewise, many insect 
species have noxious tastes or smells, or mimic others that do 
have them, to discourage predation. Various physical proper-



DIET INSECTIVORY 

CHEMISTRY 

PROTEIN high 

LIPIDS high 

CARBOHYDRATE 
NONSTRUCTURAL moderate 
STRUCTURAL low (chitin) 

TOXINS, 
DIGESTIVE INHIBITORS low 

G-I TRACT 
DETOXIFICATION 
ABILITY low 

INTESTINAL VILLI, many large villi 
FOLDING few folds 

RELATIVE GUT 
DIMENSIONS large 

MECHANICAL PROPERTIES brittle, hard (chitin) 
OF FOOD 

DENTAL STRUCTURE 

PUNCTURING well developed 
SHEARING well developed 
CRUSHING, GRINDING weak 
ENAMEL THICKNESS thin 

ties of foods also constrain the potential consumer: Some 
fruits have very hard exocarps (shells) that must be broken. 

The table summarizes the physical and chemical prop­
erties of primate foods and some anatomical traits of the 
species that eat them. 

Insectivory 
Animal foods are very good sources of energy and ptotein, so 
it is not surprising that most primate species eat at least some 
insects, while some are strongly specialized for eating insects. 
Many prosimians (lower primates) are insectivorous. The 
roster of insectivores includes small nocturnal lemuroids, 
lorisoids (Microcebus, Galago, Loris), and tarsiers (Tarsius). 
Some of the small diurnal New World monkeys are also fairly 
insectivorous, especially Saguinus and Saimiri. Animals that 
eat other animals have special adaptations to capture and 
subdue prey. Methods of prey location and capture vary from 
species to species, bur there are many similarities in feeding 
techniques of all primates as distinct from most other mam­
malian insectivores. Consider the similarities and differences 
in the foraging techniques of two very different primate in­
sectivores, tarsiers and slow lorises, and how this contrasts 
with nonprimate insectivores. 

Tarsiers live close ro trees that have ripe fruit lying on 
the ground beneath them. They apparently are attracted to 
the insects and other animals that are attracted to the fruit. 

DIET 

FRUGIVORY FOLIVORY 
�~�-�-�~�~�-

low high 

low (seeds high) low 

high moderate 
low to moderate high 

low to moderate high 

low high 

many folds few small villi 

small large 

deformable (except seeds, tough, fibrous 
nuts) 

poorly developed moderate 
weak well developed 
well developed variable 
moderate (thick for nut thin 
eaters) 

They capture most of their prey on the ground. According to 
M. Fogden: 

they would scan the fotest floor from a perch a meter or 
more above the ground, and having located the prey 
(which is generally moving) leaped directly onto it, 
killing it by biting with tight shut eyes. Tarsiers were 
seen to catch in this way with leaps up to 2 meters, but 
most leaps were considerably shorter. The scanning 
phase of hunting sometimes lasted up ro 10 minutes at 
a single perch, with the tarsier remaining more or less 
immobile; but more usually a failure to locate the prey 
at one perch resulted in it moving on after only a 
minute or two. Some observations suggest that hearing 
as well as sight plays a part in locating prey (Fogden, 
1974:171). 

Tarsiers also forage in the leaf litter with their hands. 
This hunting by touch also appears to be effective in causing 
cryptic insects to move so that they can be seen and pounced 
upon. The above description exemplifies the distinctness of 
small-primate hunting techniques: Prey detection is gener­
ally a visual and, to some extent, auditory procedure, and 
prey capture involves precise hand-eye coordination; the 
mouth is rarely involved in actual prey capture; olfactory and 
snout-tactile senses are little used. The highly insectivorous 
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Loris tardigradus has a different prey-capture technique, but 
there are important similarities with tarsiers. Unlike tarsiers, 
slender lorises are slow moving and stalk their cryptic, slow­
moving insect prey with deliberation. Like tarsiers, however, 
lorises catch their prey in both hands or in one hand. Only 
when securely caught is the prey taken into the mouth to be 
crushed to stop its struggle. 

The special reliance on stereoscopic vision in prey loca­
tion and the enhanced importance of the hands for prey cap­
ture of both tarsiers and lorises are strikingly different from 
the way "primitive" mammalian insectivores locate and cap­
ture insects. In Echinops, a tenrec, prey is located with olfac­
tion and by touch with the snout. Once the prey is located, 
its "capture involves orientation to the prey object ... sniff­
ing and seizing it with the mouth. There is little involvement 
of the fore-paws in the capture of prey ... " (Eisenberg and 
Gould, 1970). This distinction helps explain the acquisition 
of stereoscopic vision, the reduction of the olfactory appara­
tus and of snout-tactile sense, and the augmentation of 
digital-tactile sense in the earliest primates, which were al­
most certainly insectivorous. The different feeding approach 
of slow lorises compared with tarsiers and bushbabies high­
lights a reliance on different sorts of insect prey. Lorises eat 
mainly caterpillars and ants, which can be obtained readily 
with a slow, deliberate form of prey stalking. Such slow-mov­
ing prey normally protect themselves by being cryptic, by 
producing noxious smells or tastes, or by having stinging 
hairs. Tarsiers and bushbabies are active leapers and can cap­
ture and eat quickly moving insects: beetles, nocturnal 
moths, and grasshoppers, for example. 

Insect-eating species have a characteristic cheek-tooth 
structure reflecting common physical properties of the in­
sects eaten. In their adult stages, insects have tough exoskele­
tons composed in part of chitin. Chitin is essentially the ani­
mal equivalent of plant fiber in its physical and chemical 
properties. To puncture and cut chitin into the size and con­
sistency required for swallowing, insect eaters have molars 
with tall, pointed cusps and sharp, precisely interlocking 
crests. Cutting up chitin has the added effect of increasing its 
surface area exposed to digestive action. Digestion of chitin 
is effected by special chitinolitic enzymes in the stomach. 

Another important structural adaptation of insectivo­
rous primates is small body size. The invertebrate prey of pri­
mates are small and often do not have communal habits; 
they have to be located one by one. This places an important 
upper limit on body-size of primate insect predators, above 
which it is difficult to capture enough insects to meet energy 
needs. It is rare to find a primarily insectivorous primate with 
a body weight over ca. 300-500 g. 

Many larger primates occasionally eat insects, and these 
may contribute significantly to their protein requirements. 
For example, Cebus (the capuchin monkey) and some Old 
World monkeys forage on the ground for insect prey. Chim­
panzees use tools, such as stripped twigs or grass blades, to 
poke into termite hills for grubs. Overall, however, insects do 
not account for a particularly large part of the diet of these 
larger primates. Because of the small proportion of insects 
compared with fruits in the diets of these large species, struc-

tural modifications for insectivory in the teeth or digestive 
tracts are not apparent. 

Plant Eating (Herbivory) 
Plants are the essential food of most living primates, but all 
that is green is not edible. Many plant parts are composed 
principally of inedible woody materials. Other parts are pro­
tected from being eaten by poisonous secondary compounds 
or compounds like tannin that inhibit digestive processes. 
Thus, the feeding strategy of primate plant eaters includes 
not just the ability to find and reach the food source, but also 
the ability to prepare the foods adequately for rapid assimila­
tion and to neutralize or avoid plant poisons. Prey capture is 
relatively unimportant, of course-you don't have to beat a 
banana over the head before eating it! 

LEAF- AND GRASS-EATING PRIMATES 

Eating leaves and woody materials presents special chal­
lenges for the digestive tract, but the primates that have 
solved these problems have a high return in nutrients for 
their investment. Foliage commonly contains high percent­
ages of energy-rich carbohydrates. Comparatively little of 
the carbohydrate, however, is in readily digestible forms like 
starch or sugar; the major part of this material is in structural 
carbohydrates: cellulose, hemicellulose, and pectin. Such 
substances are not directly available to primates, because 
these animals lack the enzymes needed to digest them. Fo­
liage is also the major, superabundant source of protein in 
plants, second in quality (digestibility) and quantity only to 
animal foods. 

Folivory (feeding on leaves, bark, buds, and grasses) is 
common among primates. Species of the strepsirhine family 
Indriidae appear to concentrate on arboreal leaves, as do sev­
eral species of lemurids. Arboreal leaf eating is also com­
monly practiced by the platyrrhines Alouatta and Brachyteles. 
Among catarrhines, the subfamily Colobinae, familiarly 
known as leaf monkeys, eat mainly tree leaves. Some of the 
terrestrial cercopithecines, such as Papio, Erythrocebus, and 
especially Theropithecus, eat considerable proportions of 
grasses in woodland-savannah environments. 

Among the lesser apes, the siamang (Hylobates syndacty­
lus) eats a large amount of leaves, as do the great apes Pongo 
and, especially, Gorilla. The latter forages on the ground for 
many foods high in structural carbohydrates, such as bam­
boo, bark, pith, and buds. 

Leaf-eating species have enlarged, elaborate digestive 
tracts. Often either the stomach or the cecum, a blind pocket 
at the end of the large intestine, is greatly enlarged. Species 
that have enlarged stomachs are said to practice foregut fer­
mentation, whereas those that have an enlarged cecum are 
hindgut fermentors. Either of these parts of the digestive 
tract is home for symbiotic microorganisms that can digest 
cellulose and other structural carbohydrates. Without these 
microorganisms mammals would be unable to digest struc­
tural carbohydrates, because they cannot produce the diges­
tive enzymes for this process. The by-products of this break­
down, together with the remains of the dead microorganisms 
themselves, satisfY an important part of the nutritional re-



100% Leaves 

100% Fruit 

o 
o o 

o 
o 

o 

100% Insects 

"Ternary" diagram illustrating the dietary behavior of some of the more 
folly studied primate species. Species that eat 100 percent leaves, insects, 
or .fruit are plotted at the corners; a species that ate equal portions of all 
three would be in the middle. This highlights the foct that most primates 
concentrate on just a ftw or several dietary items. After Kay and Covert, 
1984. 

quirements of/eaf eaters. Enlargement of certain parts of the 
gastrointestinal tract and elongation of the tract as a whole 
also slow the passage of food through the body. Since the 
breakdown and assimilation of structural carbohydrates is a 
relatively slow process, such slowing enhances digestibility. 
One benefit for foregut fermentors is that many roxins car­
ried in leaves can be acted upon and neutralized by the mi­
croorganisms of the sromach before they reach a part of the 
gastrointestinal tract where they could be absorbed into the 
bloodstream. Another important adaptation to leaf eating 
may be a lowered basal metabolic rate. 

Leaf-eating primates have elaborate cheek teeth with 
well-developed cutting edges that assist the digestive process. 
Carefully chewing these foods increases the surfaces exposed 
to digestive action and speeds the digestive process. Grass­
eating species, such as some of the terrestrial Old World 
monkeys, have further specializations of the cheek teeth. 
Grass leaves contain large amounts of silica, making them ex­
tremely abrasive. A consequence of feeding on grasses is that 
the teeth wear down very fast. To counteract this, grass eaters 
like Theropithecus have high-crowned teeth. In this way, they 
can forestall the time when the teeth wear out. 

FRUIT-EATING PRIMATES 

A number of different feeding strategies are subsumed under 
the general heading of frugivory. Some species feed mainly 
on the pulp of ripe fruit, a particularly good source of readily 
metabolized simple sugars. These foods, however, are less nu­
tritious in terms of protein, so species that feed on ripe fruits 
will often also eat either leaves or insects as a source of pro­
tein. Another specialization is for eating seeds. Many ripe­
fruit eaters swallow the seeds of fruits whole, and the seeds 
pass through the gut in an undigested state. Others are seed 
predators that actually break open, chew up, and digest 
seeds. For them, seeds or nuts are extremely rich sources of 
lipids, a particularly high-energy nutrient. 

Feeding on fruit pulp is the most common adaptive 
strategy among primates. Fruit eaters are found in practically 

DIE T 

all families of primates, with the exception of the Indriidae. 
The digestive system of most fruit eaters is fairly simple and 
relatively much shorter than that of leaf eaters. Fruit eaters 
have comparatively little fiber in their diets, so there is not 
the need for slowed food-passage time as in folivores. The 
cheek teeth of frugivorous species have low, rounded cusps 
with smooth contours. The most important aspect of the 
fruit-eating dentition is the reliance on crushing and grind­
ing surfaces, which often are enlarged. Special anatomic 
changes accompany reliance on breaking open seeds. Seed­
eating primates, such as the cercopithecine Cercocebus and 
the platyrrhines Cebus and members of the subfamily 
Pitheciinae, have tusklike canines for cracking open hard ex­

ocarps or seed pods, and/or thick cheek-tooth enamel to re­
sist the stresses engendered by crushing seeds. 

GUM-EATING PRIMATES 

A feeding pattern that does not fit very well in the above 
scheme is gum eating. Galago and some other small strep­
sirhines, as well as some cheirogaleines and marmosets, are 
gummivores. Galago feeds especially on the gum of the aca­
cia tree. Chemical analysis shows this to be an abundant 
source of carbohydrates and water and ro contain small 
amounts of protein and minerals. One interesting point is 
the presence of large amounts of polymerized pentose and 
hexose sugar. It seems likely that Galago and other gum eaters 
may have symbiotic microorganisms in their digestive tracts 
(especially in the cecum) that enable them to use these com­
plex carbohydrates. The front teeth of some gum eaters are 
specialized to allow them to cut into tree bark to promote 
gum flow and to scrape up the gum. Phaner, for example, has 
a sharp, projecting upper canine and upper front premolar, 
which it uses to dig into bark to accelerate gum flow. Gum is 
later collected from the damaged tree. The cheek teeth of 
gum eaters somewhat resemble those of frugivorous species. 

Omnivory 
A true omnivore eats a wide variety of food types, with each 
of the main forms contributing significantly to the total in­
take. Among mammals, pigs (and perhaps bears) are often 
considered the archetypal omnivores, and this class of dietary 
specialists is usually not thought to occur among nonhuman 
primates. But, in fact, the human lineage appears to have be­
come specialized for an omnivorous diet early in its history, 
and the increased use of tools for foraging and food process­
ing contributed greatly to the success of this striking human 
adaptation. 

See also Atelidae; Cebidae; Cercopithecidae; Galagidae; 
Hominoidea; Indriidae; Lemuridae; Lorisidae; Paleodietary 
Analysis; Primate Ecology; Primates; Skull; Stable Isotopes 
(in Biological Systems); Teeth. [R.F.K.J 
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Dingcun 
Series oflocalities near Dingcun, on the Fen River in Shanxi 
Province (China), that have yielded both human remains 
and archaeological assemblages. The sites are probably of 
early Late Pleistocene or latest Middle Pleistocene age, based 
on faunal correlations and some uranium-series and amino­
acid-racemization dates from low in the sequence. One ado­
lescent human (represented by three teeth) and a separate 
parietal bone are known from Locality 54.100. In addition 
to human remains, thousands of artifacts are also known 
from primarily surface contexts at various localities at Ding­
cun, formerly known as Ting-t'sun. The Dingcun assem­
blage is unusual in comparison with most other Chinese as­
semblages in exhibiting a relatively high percentage of 
bifacially flaked chopping tools, as well as distinctive trihe­
dral points, or picks. Dingcun-like assemblages have also 
been recovered from other nearby localities in Shanxi. Fur­
thermore, it is possible that the Dingcun industries are some­
how related to the so-called Chongok-Ni "industry" of 
Korea. 

See also Asia, Eastern and Southern; China. [G.G.P'] 

Djetis 
Fossil-collecting area in eastern Java with a Late Pliocene or 
Early- to Middle-Pleistocene stratified sequence, on the basis 

of biostratigraphy and radiometric dates. The name Djetis 
(or Jetis), that of a village in the Sangiran area, was applied by 
G.H.R. von Koenigswald to vertebrate fossils supposedly de­
rived from the Black Clays member of the Putjangan (now 
Pucangan) Formation of east-central Java. Originally, he 
thought that the presence of Leptobos, "primitive" pro­
boscideans, and hippos indicated a Villeafranchian-equiva­
lent (Late Pliocene), age for the formation and for the hu­
man fossils, which he believed to have been derived from the 
marine and fluviatile clays. Furthermore, he argued that the 
fauna showed affinities with Siwalik faunas of India and 
characterized it as having a "Siva-Malayan" character. He dis­
tinguished the Djetis Fauna from the later Middle Pleis­
tocene Trinil Fauna, which he said showed "Sino-Malayan" 
affinities. Other workers argued that the vertebrates from the 
clays had been misidentified and really represented more 
progressive forms. Systematic recollections in the 1970s to 
1990s and excavations of the Pucangan area have indicated 
that this highly endemic and impoverished fauna may be of 
little utility for dating the human fossils that supposedly de­
rive from the Djetis Formation. The Djetis Fauna is thought 
to date to ca. 2-0.8 Ma. Fluorine studies have suggested that 
the majority of Djetis faunal elements and one or two of the 
human fossils from Java (Sangiran 5 and 6) may derive from 
the black clays of the uppermost portion of the formation. 

In 1994, a date of of 1.8 Ma was suggested by Swisher 
and colleagues for the Modjokerto fossil site, based on a new 
4°Ar/39Ar analysis. A microprobe analysis of sediments ad­
hering to the fossil cranial vault suggested that the fossil ma­
trix was very similar in composition to the material dated. 
Questions remain, however, about the relationship of the 
date to the fossil specimens, as well as about the mixing of 
the Sangiran sediments with both older and younger sedi­
ments due to the action of mud volcanoes and lahars. 

See also Asia, Eastern and Southern; Indonesia; Koenigswald, 
Gustav Heinrich Ralph von; Meganthropus; Trinil. [G.G.P.] 

Further Readings 
Hooijer, D.A. (1952) Fossil mammals and the Plio-Pleis­

tocene boundary in Java. Proc. Kon. Nederl. Akad. van 
Weten. (Amsterdam), ser. B, 35:436-443. 

Hooijer, D.A. (1983) Remarks on the Dubois collection of 
fossil mammals from Trinil and Kedungbrubrus in 
Java. Geol. Mijnbow 62:337-338. 

Pope, G.G. (1983) Evidence on the age of the Asian Ho­
minidae. Proc. Nat. Acad. Sci. USA 80:4988-4992. 

Semah, E, Semah, A., and Djubiantono, T (1990) They 
Discovered Java. Jakarta: PT Adiwarna Citra. 

Swisher, Ce., Curtis, G.H., Jacob, T, Getty, A.G., and A. 
Suprijo and Widiasmoro (1994) Age of the earliest 
known hominids in Java, Indonesia. Science 
263:1118-1121. 

Djibouti 
Plio-Pleistocene sites in the Republic of Djibouti occur in 
the southeastern extension of the Afar Depression, where it 
opens on the Gulf of Aden. The most important are several 
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Lateral and occlusal views of the Dmanisi mandible. Courtesy of E. Delson and L. Gabunia. 

sites in the valleys of the Dagadl and Chekheyti rivers near 
Barogali, dated to 1.5 Ma, with an Olduwan-Acheulean in­
dustry and vertebrate fauna, including remains attributed to 
Homo erectus. Younger levels are represented at Hara Ide, 
while a diverse large-mammal fauna at Anabo Koma is com­
parable to that of Olduvai Bed I, ca. 1.8 Ma. 

See also Afar Basin; Mrica, East. [J.A.v.c.] 

Further Readings 
Amosse,J., Boisaubert,J-L., Bouchez, R., Bruandet,J-F., 

Chavaillon,]., Faure, M., Guerin, C., Jeunet, A., Ma, 
J-L., Nickel, B. Piboule, M., Poupeau, G., Rey, P., and 
Warzawa, S.A. (1991) Le site de depecage Pleistocene 
anciens it Elephas recki de Barogali (Republique de 
Djibouti): Chronologies relatives et datation par RPE 
et spectrometrie gamma d' email dentaire. Cahiers de 
Quaternaire 16:379-399. 

Bonis, L. de, Geraads, D., Jaeger, J-J., and Sen, S. (1988) 
Vertebres du Pleistocene de Djibouti. Bul!. Soc. Geo!. 
Fr., ser. 8, 4:323-334. 

Dmanisi 
Locality in (ex-Soviet) Georgia where a mandible attributed 
to Homo erectuswas discovered in 1991. Archaeologists exca­
vating a medieval village found bones of Plio-Pleistocene 
mammals in the walls of underground storage pits. One pit 
yielded a human mandible as wei!. The specimen is well pre­
served, with complete dentition and most of the corpus (the 
base is broken), but lacking the rami. The size of the jaw and 
the teeth compare well with those of H. erectus, but the mo­
lars show greater front-to-back reduction in size (15-20 per­
cent from MI to Ml and from M2 to M 3) than in other H. 
erectus. The Dmanisi mandible presents a mosaic mixture of 
conservative and derived features, and specific similarities 
are observed with a variety of Mrican and Chinese specimens 
of the species. Associated artifacts are of broadly Mode 1 
form. The age of the site is unexpectedly early: The associ­
ated fauna suggests a Late Villefranchian age, perhaps 
2.1-1.4 Ma; an underlying basalt has been preliminarily 

dated to ca. 1.8 Ma; and the basalt and sediments are said to 
present normal magnetic polarity, which in light of the two 
other indications could only represent the Olduvai �S�u�b�~� 

chron at 1.77-1.95 Ma. Further chronometric dates and 
confirtnation of the magnetic polarity are required, but, if 
the age of this fossil is indeed ca. 1.8 Ma, it would be one of 
the earliest-known human fossils outside Africa and among 
the oldest-known H. erectus anywhere. On the other hand, 
recent geochronological work suggests that the Dmanisi fau­
nal and geological situation may be more complex than orig­
inally thought, raising the possibility that the jaw may better 
be estimated to date between 1.5 and 1.0 Ma. 

See also Archaic Homo sapiens; Asia, Western; Homo erec­
tllS; Homo ergaster; Paleomagnetism. [E. D.] 

Further Readings 
Brauer, G., and Schultz, M. (1996) The morphological 

affinities of the Plio-Pleistocene mandible from 
Dmanisi, Georgia.]. Hum. Evo!. 30:445-481. 

Dean, D., and Delson, E. (1995) Homo at the gates of 
Europe. Nature 373:472-473. 

Gabunia, L., and Vekua, A. (1995) A Plio-Pleistocene 
hominid mandible from Dmanisi (East Georgia, 
Caucasus). Nature 373:509-512. 

DNA Hybridization 
A method of determining relationships among organisms by 
comparing the total similarity of the genetic materia!' DNA 
(deoxyribonucleic acid) is a two-stranded molecule, built 
from pairs of nucleotides. A nucleotide consists of a sugar 
molecule (deoxyribose), a phosphate molecule, and one of 
four bases: adenine (A), guanine (G), cytosine (C), and 
thymine (T). The nucleotide pairs that are the units of DNA 
consist of only two kinds: A-T and G-c. Thus, if the nu­
cleotide sequence of one DNA strand is AGATTTCGAT, 
the other strand must be TCTAAAGCTA. 

The bonds that hold the nucleotide pairs together, 
when summed over the entire DNA molecule, hold the two 
DNA strands together. Adding energy, in the form of heat, 
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The two DNA strands are held together by weak bonds (dotted) joining 
the nucleotide pairs. 5 and P indicate the sugar and phosphate aspects, 
respectively, of the DNA molecule. Adenine (A) and Thymine (T) are 
joined by two bonds: Guanine (G) and Cytosine (C) are joined by three 
bonds. Heating breaks these bonds and leaves the DNA as two single 
strands. Courtesy of Jon Marks. 

breaks these bonds and dissociates the two strands from each 
other. This is called denaturing (or melting) the DNA. Con­
trolled cooling permits a single DNA strand to reattach to its 
complementary strand and to regain its stable two-stranded 
conformation (see figure). Much of the cellular DNA, how­
ever, consists of short sequences repeated many times: These 
sequences are able randomly ro reattach to a complementary 
sequence much more easily than unique-sequence DNA can. 
DNA hybridization can, therefore, be used to estimate the 
degree of complexity of the genome of a species by providing 
a measure of what proportion of the genome reanneals very 
rapidly, rapidly, or slowly. 

Different species have accumulated specific point mu­
tations during their separate histories. If the unique-
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DNA 1111111111111111 
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Unstable Single-stranded 

DNA hybridization exploits the double-stranded structure of DNA. The 
strands can be dissociated from one another by heating, and the process 
can be reversed by controlled cooling. Courtesy of Jon Marks. 
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At low temperature (left), the hybrid DNA is completely double­
stranded; as the temperature is raised, the DNA sample denatures into 
single strands. The melting temperature can be taken as that 
corresponding to the highest point on the curve. Heteroduplex DNA 
produces a melting curve that is lower, wider, and shifted to the left. The 
genetic distance between the two species under study is taken as a measure 
of how far to the left the curve is shifted Courtesy of Jon Marks. 

sequence DNA from one species is isolated, radioactively la­
beled, and denatured (the tracer), then mixed with a great ex­
cess of DNA from a different species (the driver), it is un­
likely that the tracer DNA will be able to "find" its own 
complementary strand. Instead, it will bind imperfectly to 
the abundant, nearly complementary, strand from the other 
speCIes. 

This heteroduplex, or hybrid, DNA can be isolated and 
denatured again. This time, however, fewer bonds will be 
holding the DNA molecule together; less energy is required 
to break apart the DNA strands; and the molecule will, 
therefore, dissociate at a somewhat lower temperature than 
the original homoduplex DNA. As the dissociation of the 
DNA strands is a continuous process, the critical tempera­
ture is generally given as that at which 50 percent of the 
DNA being studied is single stranded. The difference in dis­
sociation temperature between homoduplex and heterodu­
plex DNA is proportional to the amount of genetic mutation 
that has accumulated between the two species. It can, there­
fore, be used as a measure of genetic distance between the two 
species. 

There are several different ways to measure the melting 
temperature of the DNA, however, some of which conflate 
base-pair differences (the structural integrity of the hybrids 
formed) with genome complexity (the mixture of redundant 
and unique DNA in the samples) or with the extent to which 
hybridization between the two species' genomes actually oc­
curs. The first of these is the variable of greatest evolutionary 
interest. The result of an idealized experiment is shown in 
the figure: The amount of genetic difference between the 
DNA samples from the two species is estimated by the dif­
ference between the melting temperature of the homoduplex 
(say, chimp-chimp DNA hybrids) and heteroduplex (say, 
chimp-human DNA hybrids) DNA. 

See also Genetics; Molecular Anthropology. U.M.J 



Further Readings 
Marks, J. (1991) What's old and new in molecular phyloge­

netics? Am.]. Phys. Anthropol. �8�5�:�2�0�7�~�2�1�9�.� 

Dobzhansky, Theodosius (1900-1975) 
American (b. Russia) geneticist. A former student of T.H. 
Morgan �(�1�8�6�6�~�1�9�4�5�)�,� Dobzhansky played a prominent role 
in the development of what]. Huxley called the "evolution­
ary synthesis," which combined Darwinian evolution and 
Mendelian genetics. Dobzhansky's book Genetics and the 
Origin o/Species (1937) was the first major attempt at such a 
synthesis and marks the establishment of evolutionary genet­
ics as an independent discipline. Among his many other no­
table and influential publications is Mankind Evolving 
(1962). Dobzhanskywas an early and influential advocate of 
the "lumping" approach to hominid taxonomy, whereby the 
number of taxa is minimized. 

See also Evolution; Genetics. [ES.] 

Dolni Vistonice 
Complex of at least six open-air Late Paleolithic sites and a 
huge accumulation of mammoth bones from more than 100 
individuals located on the slope of the Pavlov Hills ca. 35 km 
south of Brno (the Czech Republic). The features include 
hearths, small pits, surface bone accumulations, remains of 
round and oval dwellings, and a number of burials. Several 
important new burials, one with three probable teenagers, 
were excavated in �1�9�8�6�~� 1987. The rich lithic and bone in­
ventories are assigned to the Pavlov industry and to the East­
ern Gravettian techno complex. A complete female "Venus" 
figurine, numerous small animals, and thousands of frag­
ments of fired clay found at Dolni Vestonice, together with 
remains of two rudimentary kilns, are the earliest evidence 
for ceramic technology. Clay impressions of woven plant 
materials also provide the earliest-known evidence for mat­
ting or basketry technology. Chronometric estimates date 
the occupation to ca. 26 Ka. 

See also Europe; Pavlov; Predmosti. [0.5.] 

Further Reading 
Svoboda, ]., Lozek, v., and Vlcek, E. (1996) Hunters Be­

tween East and West: The Paleolithic of Moravia. New 
York: Plenum. 

Domestication 
Controlled breeding of animal and plant species for human 
use (including some exclusively for livestock fodder). Many 
of these domesticated species are primarily food for the hu­
mans who breed them, but some provide us with clothing, 
containers, companionship, and protection; with raw energy 
for carrying heavy burdens or pulling carts, ploughs, or sleds; 
or with assistance in hunting, herding, and clean-up opera­
tions. Human beings have controlled plants and animals for 
only a tiny fraction of the �2�~�3� Myr of their history and pre­
history. Before domesticates were developed as the result of 
human interference in other species' reproduction, people 
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relied entirely on whatever plant and animal products they 
could gather, hunt, and scavenge. Because writing was not 
invented until a little over 5 Ka, prehistoric hunter-gatherers' 
use of such resources has been reconstructed primarily from 
the remains of kills and meals found by archaeologists. These 
reconstructions are refined and augmented by observations 
made among the few surviving hunting-and-gathering soci­
eties, whose people use and interact with wild plants and an­
imals. Such people are generally mobile, following their 
prey-but they can rarely predict whether it will be young or 
old, male or female. Domestication, in contrast, has intro­
duced the crucial elements of choice and control over pre­
cisely such matters. 

Plants and animals were domesticated in many parts of 
the world, but in all known cases, with the apparent excep­
tion of the dog, this process occurred within the past 10 Kyr. 
The reasons for changing Holocene relationships between 
humans and other species were probably diverse. Humans 
were interested in different species for different qualities, 
such as the sheep's production of "harvestable" milk and 
wool, the camel's ability to survive on little water, and the 
storability of cereal grains like maize, wheat, and rice, which 
generally yield abundant surpluses and which are today the 
staple foods for three-quarters of the world's population. 

The earliest animal domesticated was the dog (Canis do­
mesticus), ca. 12 Ka in Iraqi Kurdistan and possibly earlier (ca. 
14 Ka) in northern Europe. Sheep (Ovis) and goat (Capra) 
were domesticated in western Asia by ca. 9.5 Ka. They were 
joined within a millennium by cattle (Bos) in Anatolia (<::atal 
Hliylik) and in the eastern Sahara (Nabta Playa) and by pig 
(Sus) in Western Asia and southeastern Europe. Later Old 
World domesticates include donkey (Equus asinus), horse 
(Equus caballus), and camel (Came/us spp.), all domesticated 
by 4 Ka and perhaps substantially earlier. New World domes­
ticates include turkey (Meleagris gallopavo), guinea pig (Cavia 
porcellus), and the meatier llama and alpaca (Lama spp.), val­
ued for their strength and their wool, respectively. Far fewer 
animal species were domesticated in the Western Hemi­
sphere; perhaps there were fewer wild species of medium-and 
large-sized gregarious herbivores native to the New World. 

The earliest-known plant domesticates have been re­
trieved at southwest Asian sites; wheat (Triticum) and barley 
(Hordeum) dating to ca. 10.5 Ka are found at a growing 
number of sites in the Levant, along with legumes, such as 
lentils, peas, and chickpeas, which also may have been culti­
vated. Rice (Oryza sativa), another major Old World cereal, 
was domesticated as early as �7�~�6� Ka in the lower Yangtze 
delta of east China, where it is associated with bones of 
pig and water buffalo, both of which may have been domes­
ticated in East Asia. Rice (0. glaberrima) was also inde­
pendently domesticated in West Africa. Other species im­
portant in the tropics and subtropics of the Old World are 
millet and sorghum; grains of both species that are transi­
tional between wild and domesticated forms have been 
found in the eastern Sahara (Nabta Playa) dating to �8�~�7� Ka. 
Other tropical species include a variety of root crops, such as 
yam and taro, whose history of domestication is poorly 
known, partly because of preservation problems. Some 
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Possible centers and "noncenters" of plant domestication, as suggested by].R. Harlan in 1911. In this model, each of three relatively restricted centers­
(Ci) Near East; (C2) North China; (C3) Mesoamerica-was associated with a more diffuse noncenter-(Ni) central Aftica; (N2) south and 
southeast Asia; (N3) coastal South America-where domestication took place over a broad area, in some cases perhaps, earlier than in the nearby 
center. Modified after ].R. Harlan, 1911, in Science, va!. 114. 

plants, whose wild forms have a wide geographic distribu­
tion, may have been domesticated independently in both 
hemispheres; among these are the bottle gourd (Lagenaria) 
and cotton (Gossypium). 

Although plant domestication in the New World has 
long been thought to have taken place substantially later 
than in the Eastern Hemisphere, research is beginning to re­
fute this. The earliest evidence for cultivated squash ( Cucur­
bita pepo) comes from deposits at Guila Naquitz dating to ca. 
ID Ka, and domesticated maize (Zea mays) and beans (Phase­
olus vulgaris) appear ca. 7 Ka in other parts of highland 
Mesoamerica. This triumvirate of plants (maize, beans, and 
squash), which is used today, frequently grows together in 
the wild and may have been domesticated as part of a mixed 
farming or intercropping strategy. Like Zea, Triticum, and 
Hordeum, many plants domesticated in various geographic 
areas are annuals, growing in dense stands of single or few 
species, comparatively easily harvested on a predictable basis. 
The root crops, in contrast, have the advantage of serving as 
subsoil bank accounts from which capital can be extracted 
through much of the year. Of these, the white potato 
(Solanum) and the yam (Dioscorea) are New and Old World 
domesticates, respectively. In North America, early farmers 
apparently domesticated indigenous forms of winter squash, 
or gourds, and Chenopodium, a wild grass, before adopting 
maize cultivation from the American tropics. 

Because humans were interested in each species for its 
own distinctive features, each underwent changes over time 

in morphology and behavior resulting from human selection 
for particular traits chosen for transmission to future genera­
tions. Many domesticated-animal species, and their wild 
counterparts, are gregarious, and some tend to follow a 
leader. This animal behavior may have made it easier for pre­
historic people to habituate herd animals to human compan­
ionship and the reproductive meddling that eventually ac­
companied it. A fundamental aspect of domestication is that 
humans decide which individuals in a particular population 
will transmit their genes to future generations. Thus, for ex­
ample, iflarge pigs or bulls are particularly threatening or fe­
rocious, they are more likely to be selected for the dinner 
table than left in the barnyard, and there will be fewer fierce 
piglets or calves in the next generation. 

Benefits of Domestication 
The appeal of many domesticated animals today, as it must 
have been in the Early Holocene past, is that they are more 
useful alive than dead. Many people who raise livestock eat 
far less meat than the average urban North American; some, 
but by no means all, consume more milk, cheese, and yogurt. 
Animals provide resources that can be collected, or they have 
qualities that can be exploited on a predictable, repeated, and 
long-term basis; examples are eggs, milk, hair and wool, and 
labor. Dried animal manure is an essential fuel in many of 
the world's deforested regions; it is also good fertilizer for 
cultivated fields. Pigs are scavengers; eating, they convert 
garbage into edible meat, and their value to humans in-



creases. In some societies, dogs playa comparable role. Do­
mesticated animals are capital on the hoof. 

Domesticated plants are equally appealing. Weather 
and technology permitting, surpluses surpassing the quanti­
ties sown are the rule rather than the exception; in extreme 
cases, up to 40 or 50 times the quantity of seed planted can 
be harvested. Human selection of desirable and transmissible 
traits operates here, too, with humans playing an active role 
in deciding which plants to consume and which to store as 
seed grain. In sufficiently dry contexts, many plants preserve 
well and can be consumed or sown for more than a year fol­
lowing their harvest. Harvested surpluses can also be used to 
support those not producing their own food, such as crafts­
men or religious leaders, or, like animals and their products, 
they can be offered in exchange for other goods. 

Identification of Domesticates 

The history and prehistory of domestication are recon­
structed in greatest detail when nonperishable remains are 
recovered in archaeological contexts. For animals, recon­
structions are based on bones, horns, and teeth. The best di­
rect evidence of prehistoric plants and their use comes from 
seeds, pits, pollen, and impressions in mud or pottery. The 
domestication of some species, such as potatoes, tomatoes, 
and various forms of poultry, is nor well documented, either 
because conditions of preservation in their native habitats 
are less than optimal (e.g., they are buried in acidic tropical 
soils) or because the elements routinely discarded by hu­
mans lack the hard parts that are generally most resistent to 
depredations of soil chemicals and bacteria. Circumstances 
of disposal and burial, and habitat ecology, affect the preser­
vation of the botanical and zoological remains from which 
archaeologists reconstruct the history of human interaction 
with plants and animals. As a consequence, our understand­
ing of this history is still biased in favor of temperate and 
arid zones and of mammals and grain plants (in contrast, for 
example, to problematical reconstructions for avian fauna 
having cartilaginous bones and root crops lacking hard 
shells or pits). 

The archaeological record for most animal species' do­
mestication reflects a long-term selection for reduced overall 
body size accompanied by increasingly shortened jaw and 
snout. Comparisons of wild and domestic members of the 
same genus can indicate which traits were subject to selective 
breeding. In the case of the pig, for example, tusks have been 
greatly reduced. The dog barks in a way that wild canids do 
not. Sheep generally have woolly fleece and reduced horns, 
and some subspecies also have economically useful fat tails. 

In addition to morphological changes reflected in den­
tition and bones, domesticated animals and their transfor­
mations from wild forms have been reconstructed, in part, 
from other forms of evidence. These include representations 
(e.g., Neolithic clay figurines of domestic livestock at sites 
like Jarmo) and geographic distributions of bones (e.g., fau­
nal remains found beyond the range of the current natural 
habitat zones of ancestral wild forms are potential candidates 
for identification as domesticates). In gregarious species, 
such as sheep and goat, comparison of the demographic 
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In the course of goat domestication in the Near East, the cross section of 
the horn changed, after many generations, from an oval shape (left), to 
flattened on one side, to indented on one side (right). 

composition of wild herds may also reveal differences in age 
and sex ratios from those seen in domesticated flocks. It is 
also possible that the body parts of hunted wild animals 
found in archaeological sites will differ in kind and fre­
quency from those of domesticated species killed and 
butchered nearer human habitations. A growing reliance on 
tamed animals may also be indicated by an increase in the 
relative abundance of certain domesticable species, such as 
sheep and goat. 

Where morphological changes involve metric rather 
than nonmetric attributes, or where bones revealing non­
metric features are not available archaeologically, it may be 
difficult to pinpoint where in the trajectory of domestication 
a particular specimen should be placed. Sample size can be 
critical: Any species is characterized by a range of metric vari­
ability, and there may be overlaps between wild and domesti­
cated forms. Before a given specimen can be characterized as 
either wild or domesticated, the zooarchaeologist must de­
termine whether metric differences reflect intra- or inter­
species variation. 

Domesticated species also became increasingly tractable 
and dependent on humans. While some morphological 
changes occurred over a period of at least a millennium, 
the rate at which behavioral change associated with do­
mestication occurred remains a matter for speculation; 
osteologically "wild" animals may have been behaviorally 
"domesticated." It has been suggested that taming and semi­
domestication may have involved the imprinting of juveniles 
caught and kept as pets, the use of salt as a lure, and/or the at­
tracting of herd animals by altering vegetation communities 
through burning, which in some areas probably increased 
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the grass cover that is so appealing to many herbivorous do­
mesticates and their wild counterparts. 

Comparable methodological problems exist for plants, 
whose domestication in many cases entailed size increases, as 
in maize cob, and/or increases in numbers of edible elements 
(as was the case in the change from two-row to six-row bar­
ley). In several plant species, an important diagnostic non­
metric change involved selection for particular seed-dispersal 
and germ-protection mechanisms. For example, remains of 
wheat and barley reflect a shift from brittle to tough rachis 
and fmm tough to brittle glume. Humans evidently selected 
for plants that had stalks that neither snapped nor dropped 
grains immediately upon ripening (which a wild, brittle 
rachis allows) and for husks that could be crushed more read­
ily than those that fell to the ground on ripening, protecting 
the enclosed seed until it could germinate months later (a 
nonshattering, tough glume, seen in wild forms). In addition 
to morphology, plant domestication has been reconstructed 
from represenrational art and from archaeological examples 
of distinctive technological items used today in processing 
domesticated plants (e.g., ceramic manioc graters in lowland 
South America). Some tools, such as flint sickles, identified 

from the sheen deposited on the edge of the flint blade, and 
such grinding implements as mortars and querns are prob­
lematical, since they can also be used to process wild plants; 
indeed, in southwest Asia and elsewhere they are sometimes 
associated with food-collecting economies of the Mesolithic. 

Many plant species can be identified in prehistoric soil 
samples containing pollen. Datable pollen profiles are a vital 
source of information on the plant species in a particular area 
at a particular time and, hence, on options available to hu­
mans. They may also be used to reconstruct the history of 
land use, since they may reveal changes in vegetative cover 
(such as a sharp decrease in arboreal species followed by an 
increase in grasses, perhaps including edible cereals) and may 
have associated charcoal flecks (which can reflect slash-and­
burn cultivation). Even in the absence of direct evidence for 
plant domestication, data on prehistoric pollen may be use­
ful in developing hypotheses about the availability of ances­
tral wild forms and the transformation of the botanical land­
scape as plants were manipulated and domesticated. Finally, 
since some botanical species are consistently associated with 
one another, it is possible to use pollen profiles to pinpoint 
the presence or absence of wild ancestors at various times. In 

Corn cobs enlarged greatly in size and number of rows of kernels, as a result of domestication in Mexico from wild antecedents (1000 BP) to fully 
modern form (2000 BP). Courtesy of R.S. Peabody Foundation for Archaeology, Phillips Academy, Andover, Mass. 



the Late Pleistocene of southwest Asia, for example, oak 
pollen was absent in some areas where oak flourishes today; 
since wild wheat is often associated with oak forests, it is 
likely that when the oak disappeared because of extreme cold 
during the latter part of the Pleistocene, cereal grasses were 
also unavailable to foraging human populations using such 
areas on even a temporary basis. Palynology can suggest 
when and where some of the parameters permitting domesti­
cation might have existed. 

Indirect evidence on the domestication of foods can 
also be obtained through studies of human skeletal remains. 
The adoption of agriculture in some parts of the world re­
sulted in the appearance of new diseases; in the New World, 
for example, there is a proliferation of dental caries in human 
skeletal populations because of the high sugar content of 
maize. Certain prehistoric dietary changes are also reflected 
in the chemical composition of human bone collagen 
through various chemical techniques. Stable carbon isotope 
analysis, for example, identifies an individual's reliance on 
one of three plant groups (C" C4, or CAM), each of which 
has a distinctive isotopic ratio (13C/12C that remains indefi­
nitely in bone collagen. Carbon isotope analysis has success­
fully traced the New World introduction of maize, a C4 

plant, into a long-term diet of temperate grasses, such as 
Chenopodium, which are C3 plants. The technique has been 
less useful in southwest Asia, where most cultivatable plants 
belong to the C3 group. Other chemical studies of bone col­
lagen involve changes in nitrogen-isotope (15N/14N) ratios, 
which distinguish between a dietary preference for agricul­
tural foods or marine resources, and strontium-calcium 
(SrlCa) ratios, which separate meat eaters from vegetarians. 
Such techniques can also be used to reconstruct the food 
preferences of wild ancestors of domesticated animals. 

Origin of Domestication 
Food collecting was the basic human subsistence adaptation 
for several million years preceding the beginning of agricul­
ture and animal husbandry; domestication occurred compar­
atively rapidly, independently in many parts of the world, and 
in all known cases but one (the dog) in the ameliorating cli­
mate of the Holocene. Domesticates were imported into new 
areas (e.g., maize into North America) or, through processes 
of diffusion and imitation, were altered local species (e.g., rye 
in Europe). Several explanations of this fundamental and 
worldwide transformation in human lifeways have been of­
fered. VG. Childe noted that "post-Pleistocene" climatic 
change in northeast Mrica and southeast Asia, the setting for 
the earliest domestication, involved increasing desiccation 
and perhaps encouraged humans and other species to aggre­
gate at oases. Such concentration in limited localities resulted, 
he suggested, both in animals' increasing habituation to hu­
mans and in humans' increasing knowledge of the behavior of 
both plants and animals. In this propinquity hypothesis, fa­
miliarity bred appreciation rather than contempt. The degree 
to which Holocene climatic change affected spatial distribu­
tion and proximity of the key southwest Asia species remains 
a matter for investigation, but Childe's hypothesis has not 
been conclusively refuted. American archaeologist R.J. Braid-
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wood was among the first to note that much of southwest 
Asia constitutes a "natural habitat zone" for the earliest do­
mesticates: wheat, barley, dog, sheep, and goat. Geographer 
C. Sauer has noted that some of the domesticated plant 
species prefer disturbed soils (i.e., they are weedy "camp fol­
lowers"), and he has suggested that wild ancestral forms left 
in the refuse at human camps might grow abundantly in the 
disturbed localities used repeatedly by nomadic hunter-gath­
erers, who would discover them during return visits. 

American archaeologists L. Binford, K.V Flannery, M. 
Cohen, and others have suggested that increasing population 
growth during the Pleistocene, resulting in population pres­
sure by the Holocene, encouraged humans to experiment 
with new food sources. In such circumstances, dense stands 
of such readily harvestable plants as wild wheat and such po­
tentially tractable gregarious herbivores as sheep may have 
appeared increasingly attractive. (With climatic change, they 
also may have been more available than they had been previ­
ously.) Where emigration was used as a solution to overpopu­
lation, migrants to new regions may have taken familiar, 
wild, storable foods with them; such potential domesticates 
would thus have colonized new geographic areas. J. McCor­
riston and F. Hole suggested in 1991 that intensified season­
ality (longer hot dry summers and shorter cool wet winters) 
in the Early Holocene may have prompted people to deliber­
ately plant seeds to ensure sufficient year-round food sup­
plies. The seasonality and predictability of certain plants, and 
the seasonal movements of herd animals, may have provided 
an important basis for humans' increasing familiarity with, 
and ultimate control over, the ancestors of today's domesti­
cates. "Capital on the hoof" and plant surpluses provide a 
potential hedge against uneven environments in which 
drought, insect pests, and flooding are frequent events, and 
they may have made the extra work involved in food produc­
tion appear worthwhile to Early Holocene hunter-gatherers. 

Consequences of Domestication 
Regardless of its causes in various world areas, domestication 
radically altered humans' relations to their environment and 
to one another. Food for stabled livestock must be grown and 
stored; fodder crops may compete with other plants for lim­
ited arable land. Where such animals as sheep, goats, and 
camels are able to forage freely, specialized forms of nomadic 
pastoralism have developed. Such nomads' livestock often 
graze on stubble in peasants' recently harvested fields, where 
their dung provides fertilizer for next season's crops. Com­
plex economic, social, and political relations exist between 
pastoralists and the farmers with whom they exchange ani­
mal products for plant foods. 

With domestication, fields and animals become new 
forms of wealth, critical in marital alliances and inheritance 
disputes. Some plants or parts of plants, such as maize pollen 
in the American Southwest, play key roles in religious activi­
ties. Some domesticated animals have also acquired ritual 
status, such as the cat in ancient Egypt, the bull in ancient 
Greece, cattle in Hindu India, and the pig in southwest Asia 
(where it is abhorred equally by Muslims and Jews). In both 
farming and pastoralist societies, larger families can be useful 
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when livestock must be driven to distant pastures for weeks 
or months at a time and when dispersed fields require tend­
ing at the same time. Thus, it is ptobable that domestication 
affected the size and composition of human families, perhaps 
encouraging larger households because of increased de­
mands for labor. The addition to the human diet of foods 
such as porridge from domestic grains and animal milk, 
which can easily be digested by children younger than 4 years 
old, provided the first successful substitute for human milk. 
This allowed women to wean their children at an earlier age 
and to reduce the interval berween births, thus increasing the 
total number of children born. 

In short, from its Neolithic origins, domestication im­
pinged upon and altered a range of existing social conven­
tions concerning wealth, inheritance, family structure, and 
labor. It was associated with an increasingly sedentary way of 
life, in which the temporary camps of hunter-gatherers have 
been replaced by permanent communities, villages, and 
towns, whose residents bring plants and animals to them 
rather than follow them through the landscape. Without do­
mestication, the complex urban life of the Bronze Age and 
subsequent periods could not have developed. 

See also Americas; Asia, Western; Bronze Age; <:;atal Hilyilk; 
Childe, Vere Gordon; Complex Societies; Economy, Prehis­
toric; Europe; Genetics; Jarmo; Mesolithic; Neolithic; Pa­
leodietary Analysis; Phytolith Analysis; Pollen Analysis; Pri­
mate Societies; Stable Isotopes (in Biological Systems); 
Taphonomy; Zoo archaeology. [C.K., N.B.J 
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Donrussellia 
Early Eocene European genus known from rwo species. The 
special significance of this group of primates lies in the fact 
that their only known morphology, their teeth, shows the 
rwo species to be extremely similar to both early adapiforms 
(particularly Cantius and Pelycodus) and early omomyids 
(particularly Teilhardina). This intermediacy is a signal that 
Donrussellia is not much evolved, at least dentally, from the 
last common ancestor of the known anaptomorphine 
omomyids and the adapiforms. Recent studies indicate, 
however, that in spite of overall similarities to both early 
groups of euprimates, the most recent phylogenetic ties of 
Donrussellia are with the adapid radiation. 

See also Adapidae; Adapiformes; Euprimates; Omomyidae. 
[ES.SJ 

Drachenloch 
Cave in the Churfirsten Range in northeastern Switzerland 
where remains of more than 10 cave bears (Ursus spelaeus) 
have been found in a 3-m-thick deposit that also contained 
Mousterian stone tools. Dating of the bones indicates an age 
of ca. 49 Ka. The sorted distribution of the bear skeletal ele­
ments, the spatial association of the skulls with some sort of 
a stone cist, and the presence of Mousterian lithics led some 
researchers to associate all of the remains behaviorally and in­
terpret them as evidence for Neanderthal bear cults. Tapho­
nomic research by Tillet in the 1990s suggests that both the 
death of the bears and the spatial sorting of their bones may 
have resulted from natural geomorphological processes and 
not from hominid ritual behavior. 

See also Mousterian; Neanderthal; Ritual. [O.5.J 

Dragon Bones (and Teeth) 
These objects-called longgu (dragon bones) and longya 
(dragon teeth), respectively, in Mandarin-are fossils that 
traditionally have been collected and sold in Chinese drug­
stores as ingredients for pharmaceuticals. Many of China's 
fossiliferous karst caves are referred to as Dragon Bone Caves 
(longgudong). According to legend, the land, as well as earth­
quakes, is associated with dragons that live in the Earth. 
Thus, many villagers have logically concluded that verte­
brate fossils are the bones of dragons, and, since the dragon is 
a revered and powerful entity, it is not surprising that its 
bones are prized for their medicinal powers. One hominoid 
taxon, Gigantopithecus blacki, and rwo highly questionable 
hominin taxa, Sinanthropus officinalis and Hemanthropus 



(also Hemianthropus) peii, have been proposed solely on the 
basis of drugstore fossils. 

See also Gigantopithecus; Hemanthropus (Hemianthropus); 
Liucheng; Zhoukoudian. [G.G.P.] 

Drimolen 
South Mrican karst-cave breccia site in dolomitic limesrone 
ca. 7 km northwest of the well-known Sterkfontein and 
Swartkrans sites, discovered in 1992 by A. Keyser. Early sur­
veys reveal a comparatively rich fauna, including Paranthro­
pus robustus. Ca. 12 hominin specimens have been recovered 
to date (1997) from an area of ca. 100 m2, in which a num­
ber of pits were excavated during lime-mining operations in 
the early 1900s. Most of the hominin fossils derive from a 
breccia pinnacle and from decalcified breccia immediately 
below it in the main pit of the site. 

See also Mrica, Southern; Kromdraai; Paranthropus robus­
tus; Sterkfontein; Swartkrans. [FE.G.] 

Dryopithecinae 
Subfamily of Hominidae including species close ro the com­
mon ancestors of the modern great apes and humans. The 
subfamily Dryopithecinae was originally named by w.K. 
Gregory and M. Hellman in 1939 to accommodate the then 
known Miocene apes. In a major revision in 1965, E.L. Si­
mons and D.R. Pilbeam again used it as a catchall taxon to 
include the three main groups of Miocene ape that were 
recognized as subgenera of the single genus Dryopithecus: D. 
(Proconsul), D. (Sivapithecus), and D. (Dryopithecus). At that 
time, the genus Ramapithecus was identified as a hominid 
and separated from Sivapithecus. Ramapithecus and Sivap­
ithecus have since been synonymized and placed in the 
orangutan clade, Ponginae, while Proconsul and Dryopithecus 
have been placed in different families, Proconsulidae and 
Hominidae, respectively. In the early 1990s, Dryopithecinae 
was used yet again as a "dustbin" category to include three 
tribes: Mropithecini, Kenyapithecini, and Dryopithecini. 
The first two are very similar to each other, and they may 
form a monophyletic group, but it seems most likely that 
what was termed Dryopithecini is distinct and more closely 
related to the living great apes and humans than are the first 
two tribes. Therefore, it is here returned to subfamily rank, 
while the two other tribes are included in the more conserva­
tive Kenyapithecinae. 

In this concept, the genus Dryopithecus remains central 
to the subfamily Dryopithecinae. Several species of this 
genus are now accepted in the Middle to Late Miocene (ca. 
13-8? Ma) of Europe, from Spain through France, Germany, 
Austria, Hungary, and into Georgia. These forms share thin 
molar enamel and a rather conservative subnasal region (al­
most as in gibbons, Old World monkeys, and Proconsul, but 
with a slight angulation and narrowing of the incisive canal), 
combined with robust limb bones somewhat more derived 
in the direction of modern apes than those of kenyap­
ithecines or earlier catarrhines. The browridge is not very 
well developed, although D. Begun has suggested that it is 

DRYOPITHECINAE 

stronger in some specimens, which may indicate moderate 
klinorhynchy (downward flexion of the face or the cranial 
base), foreshadowing the Homininae. 

Some Asian fossils have been included in Dryopithecus, 
mainly on the basis of apparently thin molar enamel. It is not 
clear whether D. wuduensis from Gansu Province in China 
(ca. 9-6 Ma) or D. simonsi from the Pakistan Siwaliks (ca. 
10-8 Ma) belong to this genus or to another, as no facial or 
postcranial remains are known. The name Hylopithecus hysu­
dricus was given in 1927 to some dental fragments from the 
Siwaliks that may conceivably belong to a similar form, and 
this genus might be used for the Asian "Dryopithecus" if a 
new name should prove necessary. 

Three other fairly well-known genera may also be in­
cluded in the Dryopithecinae, depending upon interpreta­
tions of their phyletic position. Graecopithecus freybergi is a 
European form known from only four Greek Late Miocene 
localities, apparently dating between 10 and 8 Ma. It is rep­
resented by numerous jaws and parts of two male faces. 
These are robust, with strong browridges, prominent gla­
bella, and squarish muzzles, in some ways reminiscent of go­
rillas. The subnasal region is also gorillalike, which may be 
ancestral for Homininae and perhaps Ponginae as well. The 
teeth have extremely thick molar enamel, and the male ca­
nines appear to be reduced in height if not diameter. Graeco­
pithecus has been proposed variously as an ancestor or rela­
tive of Australopithecus, Gorilla, or all hominines, as well as 
the sister taxon of Dryopithecus. Several of these views may be 
mutually acceptable, if the taxon is slightly more derived 
than Dryopithecus, in the direction of Homininae. Direct 
links to Gorilla or Australopithecusare less likely, but ultimate 
ancestry is a possibility. Comparison with the Samburupithe­
cus maxilla from Kenya might prove interesting as well, as 
these populations are roughly contemporaneous. Here, 
Graecopithecus is tentatively classified as the most conserva­
tive known member ofHomininae, but it might easily be the 
most derived dryopithecine instead. 

Another European species, Oreopithecus bambolii, is 
slightly younger and more autapomorphic. Known from a 
series of Late Miocene lignite deposits in Tuscany and Sar­
dinia (Italy) dating to ca. 9-6 Ma, Oreopithecus combines 
highly distinctive teeth with a conservative but hominidlike 
skull and derived hominid postcrania. Although it has also 
been suggested to be either the sister taxon to Cercopithe­
coidea or a direct human ancestor, it now is broadly accepted 
to show strongest links to modern apes in its postcranium. It 
is, in fact, the most "modern" Miocene ape below the neck, 
with closest similarities to the postcranial elements of Dryop­
ithecus reported from Spain in the mid-1990s. On the other 
hand, its lophodont dentition (adapted presumably to a leafy 
diet) and generally conservative skull (with a few possibly 
hominid features), as well as the badly crushed condition of 
most specimens, urge caution in proposing a close link to 
Dryopithecus. For the moment, it is placed in its own sub­
family within Hominidae, but it could instead be included 
in the same subfamily as Dryopithecus, perhaps as a distinct 
tribe (in this case, the rules of priority would require the sub­
family to be named Oreopithecinae). 
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