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Preface to the First Edition

The intense media coverage of new developments in human evolutionary studies testifies
eloquently that to our egocentric 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 contributors 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 paleontology, 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 accessible 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 useful 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 topics that are the matter of dispute, each was left free
to expound his or her preferred interpretation. The volume thus samples the heterogeneity
of opinion that gives paleoanthropology so much of its liveliness, while remaining both
authoritative 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 originated through the initiative of Gary Kuris, of Garland Publishing, 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.Rdblin, and
Phyllis Korper. The late Nicholas Amorosi provided humerous clear renderings of fossils,
artifacts, and prehistoric scenes and was responsible for a substantial part of the artwork
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 editorial
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
updated 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 archaeological 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.Delson, 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, Lorraine Meeker, Chester Tarka, Haviva M.Goldman, John
Krigbaum, Andrew Brown, Patricia lorfino, Brian Stuart, Chet Sherwood, Caitlin
M.Schrein and Katarina Harvati. At Garland, we have benefited once more from the
inspiration of Gary Kuris and the technical organization of Marianne 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 of Human Evolution and Prehistory is alphabetically arranged with
nearly 800 topic headings or entries varying from 50 to 9,000 words in length. This
edition differs 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 articles in the volume that bear on
the subject in question. Despite the unavoidable overlap among articles dealing with
related subjects, readers should consult all entries thus indicated to be certain of obtaining
full information.

Paleoanthropology is a science in which there is unanimity of opinion in few areas,
and we have not tried to impose 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 examples of editorial inconsistency but rather reflect the
fact that paleoanthropology harbors a legitimate variety of interpretations in virtually
every one of its subfields. It is this variety, indeed, that lends the study of human
evolution its particular 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 Prehistory” provides an alternative
way of determining the headings under which information may be sought. This
“Introduction” 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 entries that make up
the bulk of the volume. The “Brief Introduction” does not attempt to refer to every short
article; however, the ““See also” references at the end of each main article 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 bibliographies but are pointers to (primarily) recent and
easily accessible 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 literature on the subject.






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 volume deal at least as much with questions of geology,
primatology, 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 every entry For the taxonomic entries, most
references are to family or larger groups. Readers will find references to relevant shorter
entries (or those of lower taxonomic rank) at the end of each of the longer articles cited
below. Similarly, individual genera are given a separate entry only if they are of
questionable or controversial allocation, except that all extinct genera of HOMINIDAE
(in the larger sense discussed below) and species of HOMININ 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 related 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 MADAGASCAR (see
CHEIROGALEIDAE; DAUBENTONIIDAE; GALAGIDAE; INDRIIDAE;
LEMURIDAE; LEMURIFORMES; LORISIDAE; PROSIMIAN; STREPSIRHINI),
which are closely related to several recently extinct forms from Madagascar (see
ARCHAEOLEMURIDAE; LEPILEMURIDAE; PALAEOPROPITHECIDAE) and older
forms from elsewhere (see GALAGIDAE; LORISIDAE). The enigmatic Tarsius (see
HAPLORHINI; TARSIIDAE; TARSIIFORMES) uneasily straddles the divide between
these forms and the HIGHER PRIMATES, with which we ourselves are classified (see
ANTHROPOIDEA; APE; HAPLORHINI; MONKEY). These latter include the New
World monkeys of South America (see ATELIDAE; ATELOIDEA; CEBIDAE;
PLATYRRHINI) and the Old World higher primates, or CATARRHINI, of Africa and
Asia. Catarrhines embrace the Old World monkeys (see CERCOPITHECIDAE;
CERCOPITHECOIDEA) as well as the greater and lesser apes (see APE; HOMINIDAE;
HOMININAE; 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 fossil record. Study of the morphology of modern primates
(see BONE BIOLOGY; BRAIN; MUSCULATURE; SKELETON; SKULL; TEETH)



provides a base for interpretation of fossil morphology (see also ALLOMETRY;
SEXUAL DIMORPHISM), as do correlated aspects of behavior (see BIOMECHANICS;
DIET; EVOLUTIONARY MORPHOLOGY; FUNCTIONAL MORPHOLOGY;
LOCOMOTION) and broader aspects of ecology and behavior in general (see PRIMATE
ECOLOGY; PRIMATE SOCIETIES; SOCIOBIOLOGY). The traumas and
developmental phenomena that occur to hard tissues during life (see
PALEOPATHOLOGY) can vyield valuable information about health and dietary factors
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 ANTHROPOLOGY).

Interpretation of the fossil record clearly requires a grasp of the principles of
EVOLUTION (see also EXTINCTION; GENETICS; PHYLOGENY; SPECIATION)
and of the various approaches to the reconstruction of evolutionary histories and
relationships (see CLADISTICS; EVOLUTIONARY SYSTEMATICS [DARWINIAN
PHYLOGENETICS]; MOLECULAR *“vs.” MORPHOLOGICAL APPROACHES TO
SYSTEMATICS ; NUMERICAL CLADISTICS; PALEOBIOLOGY; QUANTITATIVE
METHODS; STRATOPHENETICS; SYSTEMATICS). It also requires an understanding
of the processes used to name and classify living organisms (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 organisms are transformed into fossils (see
TAPHONOMY). This consideration brings us to the interface between
PALEOANTHROPOLOGY 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 fossil 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 sedimentary sequences (see STRATIGRAPHY). Particular sedimentary strata are
confined to local areas, and rocks laid down in different regions could formerly be
correlated with one another only by comparing the fossil faunas they contained (see
BIOCHRONOLOGY; LAND-MAMMAL AGES). In the past few decades, however,
methods have been developed of assigning chronometric dates, in years, to certain types
of rocks and young organic remains (see GEOCHRONOMETRY and individual dating
methods). Additionally, the fact that the Earth’s magnetic field changes polarity from
time to time has been used, in conjunction with measurements of the remanent
magnetism of ironcontaining rocks, to provide an additional relative, but datable, time
scale independent of fossils (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 PALEOBIOGEOGRAPHY). More recently, the major geological process that has
most profoundly affected human evolution has been the cyclical expansion of ice sheets
in the higher latitudes (see GLACIATION; PLEISTOCENE) and the correlated
fluctuation in sea levels worldwide (see CLYCLOSTRATIGRAPHY; SEA-LEVEL
CHANGE). The broader relationship between 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 geographical region (see AFRICA,;
AFRICA, EAST; AFRICA, NORTH; AFRICA, SOUTHERN; AMERICAS; ASIA,
EASTERN AND SOUTHERN; 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; PLESIADAPIFORMES; PLESIADAPOIDEA; PRIMATES). In
the succeeding EOCENE epoch, these forms were replaced by primates more modern in
aspect. Some of these, the ADAPIDAE and the NOTHARCTIDAE (combined in the
ADAPIFORMES), 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 TARSIIFORMES. Future studies may show this dichotomy among
Eocene primates to be oversimplified.

At present, the higher primates, or ANTHROPOIDEA, appear 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 fragmentary
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. 37-33Ma. Apart
from the enigmatic OLIGOPITHE CIDAE and the tarsioid AFROTARSIUS, the Fayum
haplorhines fall into two major groups. Of these, PROPLIOPITHECIDAE may be close
to the origin of the later Old World anthropoids; PARAPITHECIDAE, although perhaps
“monkey-like” in a broad sense, bears no close relationship to any extant anthropoid
taxon.

The fossil record of New World monkeys goes back less far (to the latest
OLIGOCENE, ca. 27Ma) than that of the Old World higher primates, but even quite
early forms generally appear to be allocable, with few exceptions (see
BRANISELLINAE) to extant subfamilies (see ATELINAE; 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, conservative Eurasian forms,
often considered in the past to be related 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
“DENDROPITHECUS-GROUP.” They may have been close to the ancestry of both the
apes and the cercopithecoid monkeys, representatives of which also first turn up in the
Miocene (see CATARRHINI; CERCOPITHECIDAE; CERCOPITHECOIDEA;
MONKEY; 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 primates (see HOMINOIDEA; PROCONSULIDAE),
members of the superfamily containing apes and humans. In the period following ca.
20Ma, 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 hominoids that are reasonably placed within the family
HOMINIDAE are the Early to Middle Miocene (20-12Ma) African and Eurasian genera
MOROTOPITHECUS, AFROPITHECUS, KENYAPITHECUS, and
GRIPHOPITHECUS, included in the subfamily KENYAPITHECINAE. Somewhat more
“modern” in morphology is the European Late Miocene DRYOPITHECUS (13-10Ma),
placed in the DRYOPITHECINAE; the enigmatic European OREOPITHECUS (9-7Ma)
may also be
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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
of which are highly tentative. The three
subfamilies of Hominidae are
represented separately at the far right.
Daggers (1) indicate extinct taxa;
dashed lines indicate especially
tenuous hypotheses of relationship.

included here or in a subfamily of its own, despite past suggestions of cercopithecoid or
hominin affinities. The first extinct catarrhine genus unequivocally related to a single
extant genus is the Late Miocene (ca. 12-8Ma) SIVAPITHECUS, already close in
craniodental morphology to the modern orangutan, Pongo (see HOMINIDAE, in this
volume interpreted to include both humans and the great apes; HOMINOIDEA,;
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 record of East Africa, however,
no convincing precursors of the chimpanzee or gorilla are known, with the possible
exception of the gorillalike form SAMBURUPITHECUS from Kenya. The European
GRAECOPITHECUS (10-8Ma), 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 African hominoid fossil record between ca.
13 and 5Ma, 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 ARDIPITHECUS
RAMIDUS, known by a few fragments dated to ca. 4.4Ma. Only the LOTHAGAM
mandible (ca. 5Ma) may be an earlier member of HOMININI. More extensive collections
of early human fossils are referred to species of AUSTRALOPITHECUS. The first of
these is AUSTRALOPITHECUS ANAMENSIS, represented by several jaws and
postcranial elements from Kenya (ca. 4Ma). AUSTRALOPITHECUS AFARENSIS,
known from PLIOCENE sites in Ethiopia and Tanzania in the 4-3Ma range, is
abundantly represented by a partial skeleton and numerous other elements (see also
AFAR BASIN; AFRICA, EAST; HADAR; LAETOLI; MIDDLE AWASH). Members of
this species were small-bodied 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 3.5Ma from the site of LAETOLI. The
BRAIN remained 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 AFRICANUS from the
sitt of TAUNG. Later discoveries at the sites of STERKFONTEIN and
MAKAPANSGAT provided more substantial samples of this species, which is
represented between ca. 3 and 2Ma and which differed in numerous details from A.
afarensis. 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 remain relatively generalized compared with the “robust”
forms known as PARANTHROPUS. This genus differs from the “graciles” in numerous
details of cranial architecture functionally 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
discovered by M.D. and L.S.B.LEAKEY at Tanzania’s OLDUVAI GORGE in 1959; this
form, with its even larger chewing teeth and yet more diminished front teeth compared
with P. robustus, is now well known from sites in Kenya and Ethiopia ranging from ca.
2.3 to 1.4Ma. Less abundant material from 2.7 to 2.3Ma 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 hominin species, it is widely believed that they were an innovation on
the part of the earliest members of our own genus, HOMO. With this innovation, the
archaeological record begins. 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
ARCHAEOLOGICAL 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 vanished hominins.

The earliest species allocated to HOMO is HOMO RUDOLFENSIS, mainly known
from the Lake Turkana region between 2 and 1.6Ma, but specimens perhaps belonging to
this species from HADAR, Ethiopia, the BARINGO BASIN TUGEN HILLS, Kenya and
URAHA, Malawi, may be as old as 2.4 Myr. The smaller HOMO HABILIS was first
described from OLDUVAI GORGE in 1961, in levels dated to slightly later than 2Ma.
Fossils ascribed to Homo habilis have been described from Kenya, Ethiopia, and perhaps
South Africa as well, in the period between ca. 2 and 1.6Ma. 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 Australopithecus
(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.
Accompanied by an OLDOWAN stone-tool kit (see also EARLY PALEOLITHIC;



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 demonstrating 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 INDONESIA, Homo erectus is known from ca. 1.9Ma in
East Africa and persisted in CHINA up to ca. 250Ka (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
artifacts, 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. 1.6Ma,
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. 1.6Ma 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. 0.8Ma 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. 0.5Ma 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
family 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 refinement 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 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 30Ka. It is their western
European 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; EUROPE). These archaic people employed a sophisticated stoneworking
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
unquestionably replaced in Europe by invading waves of modern people (see HOMO
SAPIENS; NEANDERTHALS), but the transition 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 mystery. Sub-Saharan AFRICA provides the earliest hints of
ARCHAIC MODERNS (more than 100Ka), but in all cases either the fossils are
fragmentary or the dating is insecure. More recently, North Africa and southwestern Asia
have yielded remains in the 100Ka range of individuals who were reasonably modern in
appearance yet distinct from any surviving group; fully modern humans appear to have
been present in eastern Asia by ca. 40Ka 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
documented in EUROPE, where it is termed the UPPER PALEOLITHIC and is
accompanied by the earliest evidence for art, notation, music, and elaborate body
ornamentation (see CLOTHING; PALEOLITHIC IMAGE; PALEOLITHIC
LIFEWAYS; 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. 10Ka, the big-game-hunting
cultures of the European UPPER 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 SOCIETIES 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
legitimately reflect virtually any set of criteria, provided that those criteria are
consistently applied (see CLASSIFICATION). Currently fashionable criteria range from
the strict transliteration of phylogeny, as expressed in a cladogram (see CLADISTICS),
to general expressions of overall resemblance. The first of these provides disputed and
unstable classifications, because not all details (or in some cases major questions) of
primate 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 classification for the purposes of
organizing this volume. This is presented below. We wish to emphasize that we have not
attempted to produce a “definitive” classification but rather the closest thing we could
achieve to a “consensus” classification. No one, least of all the editors, will accept all of
its details, and indeed some of our contributors inevitably take exception 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 of the Primates
by F.S.Szalay and E.Delson (Academic Press, 1979; second edition in prep). Our
classiflcation follows. (fdenotes an extinct 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
tPurgatorius
Tribe Paromomyini
Subtribe Paromomyina

tParomomys



tlgnacius
tDillerlemur
tPulverflumen
tSimpso nlemur
tPhenacolemur (including
tElwynella and tArcius)
Subtribe Palaechthonina
tPalaechthon
tPlesiolestes
tPalenochtha
tPremnoides
Tribe Micromomyini
tMicromomys
tTinimomys
tChalicomomys
TMyrmecomomysmomys
Tribe Navajoviini
tNavajovius
tBerruvius
TAvenius
Family Picrodontidae
tPicrodus (including TDraconodus)
tZanycteris
Superfamily Plesiadapoidea
Family Plesiadapidae
tPandemonium
tPronothodectes
tPlesiadapis (including
tNannodectes)
tChiromyoides
tPlatychoerops
Family Carpolestidae

Subfamily Carpolestinae



tElphidotarsius
tCarpodaptes (including
tCarpolestes)
tCarpocristes
Subfamily Chronolestinae
tChronolestes
Family Saxonellidae
tSaxonella
Semiorder Euprimates
Suborder Strepsirhini
Infraorder Adapiformes
Family Adapidae
TAdapis
tLeptadapis
tSimonsia
tParadapis
tCryptadapis
tAlsatia
Family Notharctidae
Subfamily Notharctinae
tNotharctus
tCercamonius
Subfamily Protoadapinae
Tribe Protoadapini
tProtoadapis
tMahgarita
tPronycticebus
tMicroadapis
tEuropolemur
tBarnesia
tAdapoides

TBuxella



tPericonodon
tHuerzeleris
Tribe Pelycodontini
tPelycodus
tCantius
tLaurasia
tAgerinia
tDonrussellia
tCopelemur
tAnchomomys
Subfamily Sivaladapinae
tSivaladapis
tSinoadapis
tSmilodectes
?Infraorder Adapiformes
tCaenopithecus
tLushius
tAzibius
tPanobius
tDjebelemur
tWailekia
tRencunius
tPondaungia
tAmphipithecus
tHoanghonius
tChasselasia
tFendantia
tSiamopithecus
tShizarodon
tOmanodon
Infraorder Lemuriformes

Superfamily Lemuroidea



Family Lemuridae
Subfamily Lemurinae
Varecia
tPachylemur
Lemur
Eulemur
Subfamily Hapalemurinae
Hapalemur
Superfamily Indrioidea
Family Indriidae
Indri
Propithecus
Avahi
Family Palaeopropithecidae
tPalaeopropithecus
tArchaeo indris
tMesopropithecus
tBabakotia
Family Archaeolemuridae
tArchaeolemur
tHadropithecus
Family Lepilemuridae
Subfamily Lepilemurinae
Lepilemur
Subfamily Megaladapinae
tMegaladapis
Family Daubentoniidae
Daubentonia
Superfamily Lorisoidea
Family Lorisidae
Loris
tIndraloris

TMioeuoticus



Arctocebus
Perodicticus
Nycticebus
TNycticeboides
Family unspecified
Pseudopotto
Family Galagidae
Galago
G. (Galago)
G. (Euaticus)
Galagoides
G. (Galagoides)
G. (Sciurocheirus)
Otolemur
tKomba
Family indeterminate
tProgalago
Family Cheirogaleidae
Cheirogaleus
Microcebus
Mirza
Allocebus
Phaner
?Suborder Strepsirhini
Superfamily Plesiopithecoidea
tPlesiopithecus
Suborder Haplorhini
Hyporder Tarsiiformes
Superfamily Tarsioidea
Family Tarsiidae
Tarsius

?tAfrotarsius



?1Xa ntho rhysis
Family Eosimiidae
tEosimias
Superfamily Omomyoidea
Family Omomyidae
Subfamily Omomyinae
Tribe Omomyini
Subtribe Omomyina
TOmomys
tChumashius
Subtribe Mytoniina
tOurayia (including TMytonius)
tMacrotarsius
Tribe Uintaniini
tSteinius
tUintanius (including THuerfanius)
tJemezius
Tribe Utahiini
tUtahia
tStockia
tAsiomomys
Tribe Washakiini
Subtribe Hemiacodontina (new)
tLoveina
tHemiacodon
Subtribe Washakiina
tShoshonius
tWashakius
tDyseolemur
Subtribe Rooneyiina (new rank)
tRooneyia
Subfamily Ekgmowechashalinae

tEkgmowechashala



Subfamily Anaptomorphinae
Tribe Teilhardinini
tTeilhardina
tChlororhysis
Tribe Trogolemurini
tTrogolemur
tAnemorhysis (including
tTetonoides and tUintalacus)
tArapahovius
Tribe Tetoniini
tTetonius (including
tPseudotetonius and
tMckennamorphus)
tAbsarokius (including TAycrossia
and fStrigorhysis)
Tribe Anaptomorphini
tAnaptomorphus (including
tGazinius)
Tribe Altaniini (new)
tAltanius
Subfamily Microchoerinae
tNannopithex
tPseudoloris (including tPivetonia)
tNecrolemur
tMicrockoerus
Family Omomyidae, indeterminate
tDecoredon
tKohatius
tAltiatlasius
Hyporder Anthropoidea
Infraorder Platyrrhini

Superfamily Ateloidea



Family Atelidae
Subfamily Atelinae
Tribe Atelini
Ateles
Brachyteles
Lagothrix
tCaipora
Tribe Alouattini
Alouatta
tStirtonia
tProtopithecus
?tParalouatta
Subfamily Pitheciinae
Tribe Pitheciini
Proteropithecia
Chiropotes
Cacajao
tCebupithecia
tSoriacebus
Tribe Homunculini
Aotus
Callicebus
tTremacebus
tHomunculus
Subfamily Pitheciinae, incertae sedis
tCarlocebus
tLagonimico
?1Xenothrix
?tNuciruptor
?tProteopithecia (previously
TPropithecia)
Family Cebidae
Subfamily Cebinae



Cebus
tAntillothrix
Saimiri (?including TNeosaimiri)
tLaventiana
tDolichocebus
tChilecebus
Subfamily Callitrichinae
Tribe Callimiconini
Callimico
?tMohanamico
Tribe Callitrichini
Saguinus
Leontopithecus
Callithrix
Cebuella
Subfamily Callitrichinae incertae sedis
?tMicodon
?tPatasola
Subfamily Branisellinae
tBranisella (?including
tSzalatavus)
Infraorder Catarrhini
Parvorder Eucatarrhini
Superfamily Hominoidea
Family Proconsulidae
tProconsul
tKamoyapithecus
?tRangwapithecus
?tLimnopithecus
Family Hylobatidae
Hylobates
H. (Hylobates)



H. (Symphalangus)
H. (Nomascus)
?H. (Bunopithecus)

Family Hominidae

Subfamily Kenyapithecinae
Tribe Afropithecini
tAfropithecus
?tMorotopithecus
?tHeliopithecus
?tOtavipithecus
tEquatoriuc (-*“Kenyapithecus™)
Tribe Kenyapithecini
tKenyapithecus
tGriphopithecus
Subfamily Dryopithecinae
tDryopithecus
?tLufengpithecus
Subfamily Oreopithecinae
tOreopithecus
Subfamily Ponginae
Pongo
tSivapithecus
tAnkarapithecus
?tGigantopithecus
Subfamily Homininae
Tribe Gorillini
Gorilla
Tribe Hominini
tArdipithecus
tAustralopithecus
tParanthropus
Homo

Subfamily Homininae, incertae sedis



Pan
?tGraecopithecus
?tSamburupithecus

Superfamily Cercopithecoidea
Family Cercopithecidae
Subfamily Cercopithecinae
Tribe Cercopithecini
Subtribe Cercopithecina

Cercopithecus

Miopithecus

Erythrocebus
Subtribe Allenopithecina

Allenopithecus

Tribe Papionini
Subtribe Papionina
Papio

P. (Papio)

tP. (Dinopithecus)

Mandrillus

Cercocebus

?Lophocebus

tGorgopithecus

Theropithecus

T. (Theropithecus)

TT. (Omopithecus)

tParapapio
Subtribe Macacina

Macaca
tProcynocephalus
tParadolichopithecus
Subfamily Colobinae
Subtribe Colobina



Colobus
Procolobus

P. (Procolobus)

P. (Piliocolobus)
tLibypithecus
tCercopithecoides
tParacolobus
tRhinocolobus

Subtribe Presbytina
Preshytis
Semnopithecus

S. (Semnopithecus)

S. (Trachypithecus)
Pygathrix

P. (Pygathrix)

P. (Rhinopithecus)
Nasalis

N. (Nasalis)

N. (Simias)

Subfamily Colobinae, incertae sedis
tMesopithecus
tDolichopithecus (?including

tParapresbytis)

Subfamily Victoriapithecinae
tVictoriapithecus
tProhylobates

Parvorder Eocatarrhini
“Dendropithecus-Group”
tDendropithecus
TMicropithecus
tSimiolus

tKalepithecus



?tMabokopithecus
?tNya nzap ithe cus
?tTurkanapithecus
Family Pliopithecidae
Subfamily Pliopithecinae
tPliopithecus
Subfamily Crouzelinae
tPlesiopliopithecus (including
tCrouzelia)
tAnapithecus
tLaccopithecus
Subfamily indeterminate
tDionysopithecus
tPlatodontopithecus
Family Propliopithecidae
tPropliopithecus (including
tAegyptopithecus and
tMoeripithecus)
Infraorder Paracatarrhini
Family Parapithecidae
Subfamily Parapithecinae
TApidium
tParapithecus (including
tSimonsius)
Subfamily Qatraniinae
tQatrania
tSerapia
?tArsinoea
Subfamily indeterminate
?tBiretia
?tAlgeripithecus
tTabelia



Family Oligopithecidae
tOligopithecus
tCatopithecus

?Hyporder Anthropoidea, incertae sedis
tProteopithecus
Primates, incertae sedis

tPetrolemur
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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
incorrectly (but often) in the literature
as mammalian zones. The age-
calibration of the stage boundaries
and of the paleomagnetic record
follows Berggren, W.A., Kent, D.V.,
Swisher, C.C., lll. and Aubry, M.-P.
1995 (in W.A.Berggren, et al., eds.,
SEPM Society for Sedimentary
Geology, 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 on characterizations
summarized in the entry AFRICA. For
Africa and the Paleogene of Southern
Asia, specific sites with primates are
shown as well. Oblique broken lines
represent uncertainty as to the
boundary 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.
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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

Phenotype

Polytypic Variation

Population

Race (Human)

NUMERICAL APPROACHES
Morphometrics

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
Paleopathology

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
Africa

Africa, East
Afar Basin
Baringo Basin/Tugen Hills
Djibouti
Middle Awash
Natron-Eyasi Basin
Rift Valley
Turkana Basin
Western Rift
Africa, North
Africa, Southern

Madagascar

AMERICAS
Americas

Patagonia



EURASIA
Asia, Eastern and Southern

China
Indonesia
Siwaliks
Asia, Western
Oman
Europe
France
Périgord

Russia

AUSTRALIA
Australia

PRIMATE TAXA
GENERAL TERMS, GRADES, NONPRIMATES

Apatemyidae
Ape

Archonta
Dermoptera
Higher Primates
Lower Primates
Microsyopidae
Monkey
Prosimian
Psychozoa
Treeshrews
Yeti

PRIMATES (INCLUDING HUMANS, ARRANGED TAXONOMICALLY)
Primates

Plesiadapiformes
Paromomyoidea

Paromomyidae



Picrodontidae
Plesiadapoidea
Plesiadapidae
Carpolestidae
Saxonellidae
Euprimates
Strepsirhini
Adapiformes
Adapidae
Notharctidae
tMahgarita
tDonrussellia
Adapiformes
tLushius
tHoanghonius
Lemuriformes
Lemuroidea
Lemuridae
Indrioidea
Indriidae
Palaeopropithecidae
Archaeolemuridae
Lepilemuridae
Daubentoniidae
Lorisoidea
Lorisidae
Galagidae
Cheirogaleidae
tPlesiopithecus
Haplorhini
Tarsiiformes
Tarsioidea

Tarsiidae



?tAfrotarsius
Eosimiidae
Omomyoidea
Omomyidae
Omomyinae
tShoshonius
Ekgmowechashalinae
Anaptomorphinae
Microchoerinae
tDecoredon
tAltiatlasius
Anthropoidea
Platyrrhini
Ateloidea
Atelidae
Atelinae
Pitheciinae
Cebidae
Cebinae
Callitrichinae
Branisellinae
Catarrhini
Eucatarrhini
Hominoidea
Proconsulidae
Hylobatidae
Hominidae
Kenyapithecinae
tAfropithecus
?tMorotopithecus
?tHeliopithecus
?tOtavipithecus
tKenyapithecus



tGriphopithecus
Dryopithecinae
tDryopithecus
?tLufengpithecus
Oreopithecinae
tOreopithecus
Ponginae
tSivapithecus
tAnkarapithecus
?tGigantopithecus
Homininae
Hominini
Meganthropus
“Hemanthropus”
tArdipithecus
Ardipithecus ramidus
tAustralopithecus
Australopithecus afarensis
Australopithecus africanus
Australopithecus anamensis
Australopithecus bahrelghazali
Australopithecus garhi
tParanthropus
Paranthropus aethiopicus
Paranthropus boisei
Paranthropus robustus
Homo
Homo habilis
Homo rudolfensis
Homo erectus
Homo ergaster
Homo antecessor

Homo heidelbergensis



Homo neanderthalensis
Homo sapiens
Archaic Homo sapiens
?tGraecopithecus
?tSamburupithecus
Cercopithecoidea
Cercopithecidae
Cercopithecinae
Colobinae
Victoriapithecinae
Eocatarrhini
“Dendropithecus-Group™
Pliopithecidae
Propliopithecidae
Paracatarrhini
Parapithecidae
Oligopithecidae
Primates, incertae sedis
tPetrolemur
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 [] surround taxa that are monotypic (with only one
member) and do not have entries separate from their included lower taxon. The sequence
of taxa here differs slightly from that in the full classification on pages xxiii—xxvii to
simplify 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

Acheulean
Ahmarian
Amudian
Antelian
Anyathian
Aterian
Athlitian
Aurignacian
Azilian
Badegoulian
Bambata
Baradostian
Bronze Age
Buda Industry
Capsian
Chatelperronian
Chopper-Chopping Tools
Clactonian
Clovis
Creswellian
Dabban

Early Paleolithic
Early Stone Age



Emiran
Epigravettian
Epipaleolithic
First Intermediate
Folsom
Gravettian
Hamburgian
Hoabinhian

Hope Fountain
Howieson’s Poort
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
Orangian
Pacitanian
Paleoindian
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
Aurignacian
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



Creswellian
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
Paleoindian

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
Paleoindian

Plano



ASIA

Ahmarian
Amudian
Antelian
Anyathian
Athlitian
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
Creswellian
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/Tugen Hills

Buluk

Fort Ternan
Kom

La Venta
Locherangan

Lothagam



Lothidok Formation
Lufeng
Maboko
Nachola
Napak

Pasalar
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/Tugen Hills
Chesowanja
Chilhac
Chiwondo Beds
Djetis

Dmanisi
Drimolen

Fejej

Jian Shi
Kanjera

Karari



KBS Member
Konso

Kromdraai

Lantian

Liucheng
Longgupo

Melka Kontouré
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

Altamura
Ambrona
Apidima
Arago



Atapuerca
Baringo Basin/Tugen Hills
Biache-St. Vaast
Bilzingsleben
Bodo

Boxgrove

Cave of Hearths
Ceprano
Clacton

Dali

Dawaitoli
Djetis
Ehringsdorf
Florisbad
Fontéchevade
Hexian

Hope Fountain
Hoxne

Isernia
Jinniushan
Kabwe
Kalambo Falls
Kapthurin
Kedung Brubus
L’Escale

La Chaise

La Cotte de St. Brelade
Lagar Velho
Lainyamok
Lang Trang
Lantian

Lazaret

Levallois



Mauer

Melka Kontouré
Middle Awash
Montmaurin
Narmada
Natron-Eyasi Basin
Ndutu

Ngaloba
Ngandong (Solo)
Nihewan
Olduvai Gorge
Olorgesailie
Petralona
Pontnewydd
Prezletice
Reilingen

St. Acheul
Saldanha

Salé
Sambungmachan
Sangiran Dome
Sidi Abderrahman
Soleilhac
Steinheim
Stranska Skéla
Swanscombe
Taban

Takamori

Terra Amata
Thomas Quarries
Tighenif

Torre in Pietra

Trinil



Venosa Sites
Vértesszollos
Xiaochangliang
Xihoudu

Yayo
Yuanmou
Yunxian
Zhoukoudian
Zuttiyeh

LATE PLEISTOCENE (AND HOLOCENE)
Abri Pataud

Afar Basin
Afontova Gora
’Ain Ghazal
Altamira

Amud Cave
Angles-sur-I’Anglin
Apidima
Apollo-11
Aurignac

Bacho Kiro
Bambata

Beidha
Blackwater Draw
Boker Tachtit
Border Cave
Calico Hills
Catal Hiylk
Cave of Hearths
Chauvet Cave
Clovis

Cosquer Cave



Cro-Magnon
Cueva Morin
Dar-es-Soltane
Denisova Cave
Devon Downs
Die Kelders
Dingcun

Dolni Véstonice
Drachenloch
Dyuktai

El Wad

Engis

Eyasi

Fells Cave
Folsom
Fontéchevade
Génovce
Gargas

Gesher Benot Ya’ acov
#Gi

Gibraltar
Gonnersdorf
Grimaldi
Guitarrero Cave
Hahnofersand
Haua Fteah
Hayonim
Howieson’s Poort
Ishango
Istalloskd
Jabrud

Jarmo

Jebel Irhoud



Jerf’” Ajla
Jericho
Kalambo Falls
Kanam

Kanjera

Karain

Kebara

Keilor

Kenniff Cave
Kent’s Cavern
Kibish

Klasies River Mouth
Koonalda Cave
Kostenki

Kota Tampan
Kow Swamp
Krapina

Ksar “Akil
L’Hortus

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 Fréres

Lothagam



Mal’ta
Meadowcroft Shelter
Melka Kontouré
Mezhirich
Middle Awash
Milade¢
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 I’Azé
Pech Merle
Pedra Furada
Périgord
Pincevent
Predmosti
Qafzeh

Quneitra
Regourdou

Rose Cottage



Saccopastore
Saint-Césaire
Sambungmachan
Scladina

Sea Harvest
Shanidar
Skhal

Solutré

Spy

Star Carr
Sungir

Tabin

Talgai

Tata
Teshik-Tash
Tlapacoya
Tsodilo Sites
Turkana Basin
Velica Pecina
Vindija
Western Rift
Wonderwerk

Zafarraya

LOCALITIES (BY GEOGRAPHY)

AFRICA
’Ain Hanech

Apollo-11

Bambata

Baringo Basin/Tugen Hills
Belohdelie

Bodo

Border Cave



Buluk

Cave of Hearths
Chesowanja
Chiwondo Beds
Dar-es-Soltane
Dawaitoli

Die Kelders
Drimolen

Eyasi

Fayum

Fejej

Florisbad

Fort Ternan
#Gi

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
KBS Member
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 Kontouré
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

Salé

Sea Harvest
Senga-5

Sidi Abderrahman
Smithfield
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

Amud Cave
Beidha
Boker Tachtit
Catal Hiylk
Dali

Dingcun
Djetis
Dmanisi
Dyuktai

El Wad
Gesher Benot Ya’acov
Hayonim
Hexian
Jabrud

Jarmo

Jerf ’Ajla
Jericho

Jian Shi
Jinniushan
Karain
Kebara
Kedung Brubus
Kota Tampan
Ksar *Akil
Lang Trang

Lantian



Liucheng
Longgupo
Lufeng
Modjokerto
Narmada
Ngandong (Solo)
Niah

Nihewan
Pasalar
Pondaung
Qafzeh
Quneitra
Sambungmachan
Sangiran Dome
Shanidar
Siwaliks

Skhal

Taban
Takamori
Teshik-Tash
Trinil
’Ubeidiya
Xiaochangliang
Xihoudu
Yuanmou
Zhoukoudian

Zuttiyeh

AUSTRALIA
Devon Downs

Keilor
Kenniff Cave

Koonalda Cave



Kow Swamp
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 Véstonice
Drachenloch
Dyuktai
Ehringsdorf
Engis
Fontéchevade

Ganovce



Gargas
Gibraltar
Gonnersdorf
Grimaldi
Hahnofersand
Hoxne

Isernia
Istalloskd
Kent’s Cavern
Kostenki
Krapina

L’ Escale
L’Hortus

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 Fréres
Levallois
Mauer
Mezhirich
Mlade¢
Molodova

Monte Peglia



Montmaurin
Neanderthal
Niaux
Parpallo
Paviland Cave
Pavlov

Pech de I’Azé
Pech Merle
Petralona
Pincevent
Pontnewydd
Predmosti
Prezletice
Regourdou
Reilingen
Saccopastore
St. Acheul
Saint-Césaire
St. Eble

St. Gaudens
Scladina
Soleilhac
Solutré

Spy

Star Carr
Steinheim
Stranska Skéla
Sungir
Swanscombe
Tata

Terra Amata
Torre in Pietra

Vallonnet



Velika Pecina
Venosa Sites
Vértesszollos
Vindija
Yunxian

Zafarraya

RUSSIA
Afontova Gora

Denisova Cave
Kostenki
Mal’ta

Sungir
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A

Abbevillian

Term once used to refer to early Acheulean stone-tool assemblages in Europe. This
“stage” of tool technology was distinguished 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 Paleolithic; Handaxe; St.
Acheul; Stone-Tool Making. [R.P.]

Abri Pataud

Rockshelter with archaeological and human remains located on the left bank of the
Vezére River in Les Eyzies, Dordogne, in southwestern France, dated by radiocarbon
determinations between 34 and 20Ka. 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 paleoecological
reconstruction, horizontal exposure of minimal stratigraphic units or occupation horizons,
and quantitative analysis of archaeological materials. The excavations prompted
significant revisions in the classic Upper Paleolithic sequence of southwestern France and
also yielded a series of human remains from the Protomagdalenian level.

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

Acheulean

Early Paleolithic industry characterized by handaxes and similar types of modified stone
tools. Acheulean artifact assemblages are known from ca. 1.5 to 0.2Ma and span Africa,
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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 bifacially
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 bifaces. Acheulean bifaces are highly standardized compared with flaked pieces of
earlier 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
bifaces. 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 Clactonian. 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 transition in the degree to which oval-shaped cobbles were flaked
(chopper to protohandaxe to handaxe). Particularly in Europe, 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 suggested by G.L.Isaac,
however, that the ability to remove large flakes (greater than 10cm in length) was
essential to the emergence of the Acheulean in Africa. This ability may have represented
a threshold in tool manufacture, rapidly exploited 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 10cm. Thus, it is still unclear whether the manufacture of
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Distribution of Acheulean artifact
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 1Myr. Studies of sequences of sites from individual localities, such as
Olorgesailie (Kenya), have shown that handaxe manufacture and the overall makeup of
Acheulean assemblages are marked by conservative, nonprogressive variation over
hundreds 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) techniques, characteristic of Middle Paleolithic industries, were
employed in producing highly refined bifaces in the latest Acheulean. Although many
Late Acheulean assemblages exhibit refined skills in toolmaking, others are characterized
by crude bifaces and bold flaking, typical of the Early Acheulean. Indeed, many factors
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affected the degree of sophistication 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 Kkits.

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 Vértesszollés (Hungary), and the
Zhoukoudian industry in China. It is unknown whether these assemblages represent a
distinct tradition of tool manufacture, 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 reflect different activities carried out by the same people. On
the other hand, it is clear that assemblages in certain geographic 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 interpretation 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 behind. While some Acheulean sites thus represent long
periods of lag accumulation (similar to cobble bars in a stream), others appear to reflect
the systematic deposition by hominids of handaxes near channels and of scraper-flake
assem-
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Acheulean handaxes from (a) Olduvai
Gorge (Tanzania); (b) Lantian
(China); (c) Combe-Grenal (France).

blages in floodplains away from the channel axis. The behavioral 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 700Ka, 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 0.5Ma. Acheulean tools persist alongside
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early H. sapiens populations in Europe (e.g., at Swanscombe) and Africa until they are
succeeded by Middle Paleolithic tool kits ca. 250-150Ka.

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 sometimes 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 excavated 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 Paleolithic; Movius’s Line; Oldowan; Olduvai Gorge;
Olorgesailie; Paleolithic Lifeways; Prepared-Core; Raw Materials; St. Acheul; Saldanha;
Soleihac; Stone-Tool Making; Swanscombe; Swartkrans; Takamori; Tighenif;
Vértesszollos; Zhoukoudian. [R.P]

Further Readings

Clark, J.D. (1994) The Acheulian industrial complex in Africa and elsewhere. In R.S.Corrucini and
R.L.Ciochon (eds.): Integrative Paths to the Past: Paleoanthropological Advances in Honor of
F.Clark Howell. Englewood Cliffs, N.J.: Prentice-Hall, pp. 451-469.

Gowlett, J. (1986) Culture and conceptualisation: The Oldowan-Acheulean gradient. In G.Bailey
and P.Callow (eds.): Stone Age Prehistory. Cambridge: Cambridge University Press, pp. 243—
260.

Isaac, G.L. (1975) Stratigraphy and cultural patterns in East Africa during the middle ranges of
Pleistocene time. In K.W.Butzer and G.L.Isaac (eds.): After the Australopithecines. The Hague:
Mouton, pp. 495-542.

Isaac, G.L. (1977) Olorgesailie: Archaeological Studies of a Middle Pleistocene Lake Basin in
Kenya. Chicago: University of Chicago Press.

Keeley, L. (1980) Experimental Determination of Stone Tool Uses: A Microwear Analysis.
Chicago: University of Chicago Press.

Schick, K. (1992) Geoarchaeological analysis of an Acheulean site at Kalambo Falls, Zambia.
Geoarchaeology 7:1-26.

Villa, P. (1983) Terra Amata and the Middle Pleistocene Archaeological Record of Southern
France. Berkeley: University of California Press.
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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). According to studies of body size and molar shearing-crest development,
the larger forms (Adapis, Leptadapis, Caenopithecus, 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 perhaps also including fruit in their diet. Although Adapidae is
associated here with Notharctidae, it is only within the former group that the ancestry of
modern strepsirhines has traditionally been sought.

History of Study

The genus Adapis, which gives its name to the family Adapidae 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 limestone deposits of the Franco-Belgian
Basin. The genus Leptadapis, 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 published a monographic study of
Adapis (including “Adapis magnus). In comparing it especially with the North
American 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 represented. This matter was addressed by the American paleontologist
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 elaboration
(more in the latter taxon), while real, were no less profound than differences that existed
among miacids, an assemblage of extinct but diverse carnivores that all paleontologists
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 alternative classificatory schemes have been applied
to the family Adapidae: most recently, E.L.Simons and F.S.Szalay and E. Delson have
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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
quadrant 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 Adapis
parisiensis. Scale is 1cm. Courtesy of
Frederick S.Szalay, from Szalay and
Delson, 1979.
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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, Lepilemur, 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 extinct taxon and the
other modern strepsirhines, a view not accepted here. In 1979, J.H.Schwartz and
|.Tattersall turned the argument around and suggested that the distinctiveness of the
compressed cusps and shearing crests of the molars of Adapis, as well as Hapalemur and
Lepilemur, indicated that these taxa were closely related and specialized members of
Strepsirhini, forming a separate clade; these authors included the Notharctus group in
Adapidae. Subsequently Schwartz pointed out that there really are no features that would
unite a Notharctus group with an Adapis group, and he and Tattersall presented dental
and some cranial 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 Malagasy 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 included 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 Huerzeleris to 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 members (Adapis and Leptadapis, as
well as the recently proposed genera Simonsia and Paradapis) related to a small number
of specialized extant primates. Pelycodus-also emerged as sharing some potential derived
features with Notharctus, as well as others with Smilodectes. Although not contributing to
a resolution 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 K.C.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 al. concluded that the Adapis
group was more closely related to extant lemurs than to the Notharctus group because
Adapis shared with extant 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
characteristic of the anthropoid primates analyzed. Thus, Beard et al. concluded that
certain aspects of wrist morphology corroborated the interpretation based on craniodental
features: The Notharctus group and the Adapis group are not sister taxa. Beard et al. did
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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
tLeptadapis
tSimonsia
tParadapis
tCryptadapis
tAlsatia

textinct

See also Adapiformes; Diet; Indrioidea; Lemuriformes; Lemuroidea; Locomotion;
Lorisoidea; Notharctidae; Skeleton; Strepsirhini; Teeth. [J.H.S.]

Further Readings

Beard, K.C., Dagosto, M., Gebo, D.L., and Godinot, M. (1988) Interrelationships among primate
higher taxa. Nature 331:712-714.

Covert, H.H. (1986) Biology of the early Cenozoic primates. In D.R.Swindler (ed.): Comparative
Primate Biology, Vol. 1: Systematics, Evolution, and Anatomy. New York: Liss, pp. 335-359.

Gregory, W.K. (1920) On the structure and relations of Notharctus, an American Eocene primate.
Mem. Am. Mus. Nat. Hist. 3:49-243.

Schwartz, J.H. (1986) Primate systematics and a classification of the order. In D.R.Swindler (ed.):
Comparative Primate Biology, Vol. 1: Systematics, Evolution, and Anatomy. New York: Liss,
pp. 1-41.

Schwartz, J.H., and Tattersall, 1. (1985) Evolutionary relationships of living lemurs and lorises
(Mammalia, Primates) and their potential affinities with European Eocene Adapidae. Anthropol.
Pap. Am. Mus. Nat. Hist. 60:1-100.

Szalay, F.S., and Delson, E. (1979) Evolutionary History of the Primates. New York: Academic.
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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 F.S.Szalay and E.Delson to
distinguish a collection of primarily Eocene primates from more recent and supposedly
descendant strepsirhines. Adapiformes here subsumes the super-family Adapoidea, which
in turn contains the families Adapidae, Notharctidae, and perhaps Sivaladapidae.
Adapoidea, when used previously, had included only the Holarctic family 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 (Notharctidae and Lorisidae); the family
is no longer recognized here.

Szalay and Delson suggested that the adapiforms could be distinguished from all
lemuriforms 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 features peculiar to adapiforms that would attest to their monophyly: 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 phylogenetic association of any adapiform with extant taxa must
be based on fossilizable material. Traditionally, the association of adapiforms with extant
taxa rested primarily on the 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 primates and bones of these
regions attributed to Adapis, Leptadapis, Notharctus, Cantius, Caenopithecus, and
Smilodectes have concluded that certain features, while not uniting adapiforms as a
group, are suggestive of the overall monophyly 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
included 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 protoanthropoids and/or included in the adapid
(or notharctid) subfamily Cercamoniinae (=?Protoadapinae).

?Infraorder Adapiformes
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Family indeterminate
tCaenopithecus
tLushius
tAzibius
tPanobius
tDjebelemur
tWailekia
tRencunius
tPondaungia
tHoanghonius

textinct

See also Adapidae; Anthropoidea; Lorisidae; Monophyly; Notharctidae; Skeleton; Skull;
Strepsirhini; Teeth. [J.H.S.]

Further Readings

Beard, K.C., Dagosto, M., Gebo, D.L., and Godinot, M. (1988) Interrelationships among primate
higher taxa. Nature 331:712-714.

Schwartz, J.H. (1986) Primate systematics and a classification of the order. In D.R.Swindler (ed.):
Comparative Primate Biology, Vol. 1: Systematics, Evolution, and Anatomy. New York: Liss,
pp. 1-41.

Schwartz, J.H., and Tattersall, I. (1985) Evolutionary relationships of living lemurs and lorises
(Mammalia, Primates) and their potential affinities with European Eocene Adapidae. Anthropol.
Pap. Am. Mus. Nat. Hist. 60:1-100.

Adaptation (s)

States of organismic phenotypes (an item of behavior, physiological 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
display a close fit to their environments. Adaptation is the central focus of Darwin’s
original formulation of evolutionary theory and of most modern formulations of the
evolutionary 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
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of adaptations or modify adaptations to keep pace with changing environments.
According to this view of adaptation, 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 phenomenon of stasis), and thus it is assumed that natural
selection lends stability and conserves adaptations for large portions of a species’ history.
According to this “punctuational” view, adaptive change is relatively rare in evolution, is
relatively rapid when it occurs, and is most often associated with speciation.

See also Adaptive Radiation; Darwin, Charles Robert; Evolution; Phenotype;
Preadaptation; Speciation. [N.E.]

Further Readings

Bock, W.J., and von Wahlert, G. (1965) Adaptation and the form-function complex. Evolution
19:269-299.

Futuyma, D.J. (1986) Evolutionary Biology, 2nd ed. Sunderland, Mass.: Sinauer.

Lewontin, R.C. (1978) Adaptation. Sci. Am. 239:212-230.

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 extinctions or reflect
the invasion of underexploited habitats. A classic 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 km?, with some areas up to 100m 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 during geological reconnaissance of the
Awash River Valley in the late 1960s, and paleontological and geological work
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The Afar depression of Africa’s horn is
part of the eastern African rift system
(inset). It includes Djibouti, Eritrea,
and much of Ethiopia. Major sites of
paleoanthropological interest in the
Afar depression and the Main
Ethiopian Rift to the south are shown
on this map. Courtesy of Tim D.White.

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
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team found a partial human cranium preliminarily attributed to Homo cf. erectus in
deposits, estimated to date to ca. 1Ma, south of the Gulf of Zula, 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
parallel to the Ethiopian Western Escarpment. Within this subsident 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 remains 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 stratigraphic members. At the base, the Sidi Hakoma Member (SH)
yielded the 1973 hominid knee joint, several hominid mandibles, and the hominid
palates. The Denen Dora Member (DD) 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. 2.9Ma. Dating for the lower units was
initially controversial, with estimates from radiometric, biochronologic, and trace-
element composition analysis ranging between 3.3 and 3.6Ma. The correlation of tuff
layers at Hadar with well-dated tuffs in the Turkana Basin, together with radiometric
dating of the 3.4Ma SHT/Tulu-Bor Tuff at the base of the Sidi Hakoma Member just
below the lowest 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 mudstones, 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 elevation much higher than it
does today. The local environment 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 2.6Ma. One of
the oldest well-dated specimens attributable to Homo, a maxilla (AL 666-1) from
Makaamitalu, in the upper KH Member at Hadar, is dated to ca. 2.3Ma. The fieldwork at
Hadar and Gona since 1990 has resulted in large collections of hominid remains in the
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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 outcroppings. Despite the geological complexity,
tephrostratigraphic and radiometric analysis of numerous volcanic layers has identified
strata ranging from Middle and Lower Pleistocene 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 tools and an abundant Middle Pleistocene
fauna. In the Maka area south of Bodo, Pliocene hominid remains have been recovered



Theencyclopedia 17

from below the SHT (Sidi Hakoma Tuff) layer dated at 3.4Ma in the Maka area, and
portions of a hominid cranial vault dated to ca. 3.8Ma 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. 4.4Ma) were prospected in the 1990s and produced at first a trickle and then a flood
of fossil hominin and cercopithecid remains. Ardipithecus (previously Australopithecus)
ramidus is represented by dental, cranial, and postcranial elements, including an as yet
unpublished 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, several 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 region of the Afar. Miocene
beds, as well as the Pliocene and Pleistocene formations, have also yielded thousands of
mammalian remains.

Southern Afar Region

Elsewhere in the Afar, near its southern edge at the town of Diré-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 Kontouré, a
stratified Plio-Pleistocene sequence some 30m thick that ranges in age from ca. 1.7 to
0.1Ma, according to K-Ar, paleomagnetic, and faunal correlations. The Melka Kontouré
exposures stretch 5-6km along both banks of the Awash River and contain abundant
artifacts and faunal 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 actually in the drainage that flows
toward Somalia instead of into the Afar. The exposures are of mid-Pliocene to mid-
Pleistocene age and yield some vertebrate remains, with many Acheulean tools in the
upper levels. At the southwestern corner 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
Paleoanthropological 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 1.0Ma and contain Early Acheulean
assemblages and associated fauna. Mid-Pliocene sediments with fossil vertebrates are
also known in this area. Far to the east, in the southern extension 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 Middle 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 Kontouré; Middle Awash; Rift Valley [T.D.W.]
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aff.

From Latin affinis, related [to]. It is used to indicate the likely affinities of systematic
materials, most commonly fossil, that are insufficient to permit exact determination of
species or genus. Aff. generally implies somewhat more certainty of association than
does cf., in that the unknown population 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 questionable, 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.]

Afontova Gora

A Late Paleolithic complex containing a number of stratified open-air sites (Afontova
Gora |, I1, 11, 1V) 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 hominid 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,
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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 suggest the sites were temporary residential ones occupied from perhaps 20
to 12Ka.

See also Late Paleolithic; Russia. [O.S.]

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 hylobatids and the South American platyrrhine monkeys have diversified
outside of its bounds. Archaeological finds in Africa predate those in any other continent
by at least 1Myr, 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. 2.5Myr later between 0.2
and 0.1Ma, for modern humans 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 Precambrian basement
without significant Cenozoic deformation
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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
continental,” indurated, unfossiliferous veneers of dune-base material 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 Israel to Malawi, and in the paravolcanic basins of rift-
shoulder 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 proportion 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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note the relatively small area of
Cenozoic sediments. From Cooke,
H.B.S., in V.J.Maglio and
H.B.S.Cooke, eds. 1978, Evolution of
African Mammals. Copyright © by